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= FANPORD ENGINEER WORKS TECHNICAL MANUAL
R T : - i

T ~ . FOREWORD
.. The Henford Englneer Works project was undertaken late
in 1942 by the du Pont Company for the United States Goverrment,
apecifically for the Army Engineers. Tta objectlve ims,the pro-
duction of an element, called plutonium, which has cer%ain prop-
erties particulerly sulted for the purposes fof which it is uaed.
The end use, however, 1la of no concern of the du Pont Compeny,
whose vesponsibility ends with the production of atipulated
amounté;of pure plutonium compound. -
Y The fundemental remearch and development leading toward
a practical process were carried out by a largé group of sclentists
working at an American University. TFuxther research and develop-
ment were carried on at a semi-works plant located near Knoxville,
Tennes@ges, known as the Clinton Laboratories. _This plant was
designed and constructed by the du Pont Compeny, based on funda-
mental data and informetion supplied by the Univerasity, and was
operated officlally by the Univeralty group to produce several
grams of product for experimental work, and at the same time to
provide the additional process informetion needed for the design
_ and opération of the large plant. It also gerved ag a training
ground_for Hanford personnel, S N ’ '
Thig Henford TechHnlcal Manual deals generally with the
processes and plant equipment employed at Henford for the produc-
tion of plutonium, and ie designed to serve as a handy general
vaferonce text for operating supervision. The text le primarily
demcriptive, rather than definitive. Proceae _conditlons, such as
pregeures, temperatures, concentrations, activities, etc., stated
in this menusl are not firm specifications for these processes.
Such gpecifications are covered by "Operating Standards", lssued
separalely. : - : . i
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- Eil parts of the Henford process are telagsified" under
mecurity regulations. To avold umecessery disclosure, the
menual ie Peing lssued in gectione, three in a1l under preaent
plens, ap Tollows:- -
SECTION A - METAT PREPARATION B | o

HW-10475 - SEC. A

. =This section vers thé steps involved in converting
the baslc rew meterial, wrenium metal, into a form suitable for

procedsing.
SECTION B - PILE - l - i AT
. g ;

-~ . =Thig section oréserts the fundamentel Principles of the
nuclesr réaction by which the product is made, together with
degoriptions of the plent and equipment for carrying out thie
reactlon. -
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SECTTION ¢ - SEPARATIONS -

LN i |

_ Thie section covers the bagle chemistry &nd plant and
equipment provisions for' extracting the p;oductyfaeparating out
active by-projucts, and isolating pure product. -
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SECTION A - METAL PREPARATIOR

p

- . - . o
J .

Metal 'fs uged in the Hanford process In the form of short cylinders, or

slugs, whichzja.re bonded to aluminum jackets. The Jackets are necessary to
prevent corrosion and the eacape of radicactive materials. The bonding is
required to provide adequate heat transfer. This gection of the manual deals

with the préparation of the jacketed slugs.

 Ew@
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" PROCESS SUMMARY

Motal 18 received at Hanford rrom various suppliers as billets that
have been analyzed and inspected, and ere ready for extrusion. These are
preheated aq:heeded_in_a rotary furnace to the extrusion temperature of about
1625°F (885°C) in an atmosphere of argon. As quickly a8 possible the billet
is then placed in & hydraulic press and extruded into a long rod. This is
pertially straightened by hend working end rolling before quenching in water.
Imperfect ends of the rod are then cropped off by an abrasive cutter, if :
necessary, and the usable rod is straightened thoroughly in a bar straighten- C o
ing machine. The rod 1s then "out-gassed" to remove dissolved hydrogen by '
heating for 11 houra to 1150°F (621°C) in a sealed steel cylinder through
which argon gas is passed at 6 cu.ft./hr.; the oylinder is placed in an
electrically heated car-bottom type furnace, The rod is machined on turret
lathes into 8-inch long slugs sultable for camning. _ — e e s

The primary requlrements for a canned plug ere firm and complete bond-

‘ing of slug to can, high melting-point of bonding medium, and mechanical
gtrength of the assembly, to withetand thermal shocks encountered in service.
The aluminum-8ilicon bonded slug meets theme conditions. Oxide on the gur-
face of the slug is removed in a bath of nitric acid in the first step of
this process. The slug 1s then dried and dipped into a bath of molten copper-
tin alloy. Thie forms a blocking leyer on the surface of the metal that pre-
vents it from alloying with the bonding material during the canning operation.
The bronzed slug is dipped into a bath of molten tin to remove the excess
bronze from its surface. The excess tin is then removed from the slug by
centrifuging,. Following this, the slug 1a dipped into a molten aluminum-
silicon bath and manually pressed into.the can, which has previously had its
surfeace prepdfed and has been préheated in the Al-81 canning bath and filled
'with the molten metal. An aluminum cap previously cleaned and etched ig
inserted into the open end of the can ebove the slug after having been pre-
.. heated and comted with aluminum-silicon. The assenbly ls then removed from

the canning fixture and quenched in cool water. Following this, the cap ‘end
of the gcanned piece 1a machined to the proper thickness as measured by X-ray
methods, and the end closure is completed by welding the cap to the can using
an elsctric a%c in an atmosphere of argon. - . S

The genéfal layout of Suiidings”inithe métal ﬁreparation area 1s ghown
in Figure 1. . _ . T

I

R T

Metal

o

Metal 1s very dense and has a bright finigh that assumes a golden appeaxr -
ance after a few hours' exposure to air at room temperatures. This color
changes to a dark brown aftier several days' exposure.- It im very reactive
chemiéally, and in many of its properties resembles iron. At elevated tempera-
tures 1t is attacked by hydrogen, water vapor, carbon dloxide and hydrocarbons.
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. PEYSTCAL, AND CHEMICAL PROPERTIES

When heated in an atmosphers of hydrogen at 480-580°F (249-3040C) the metal
breaks down into e @2y granular powder. The solubility of hydrogen in metal
18 appreciable at all temperatures, being at a meximum at STOOF (299°C) and’
at a minimum between 840-1160°F (1{1,&9‘_-';6270'0_). Its ignition temperature in air.
18 between Z00-340°F (149-171°C), depending upon the subdivision of the metal.

The crystalline structure of metal is dependent on 1te temperature. At
room temperatiure, in the alpha phase, the crystals are orthorhombic. When
heated to 1220°F (665°C) there 1s a tranaformation to the bete phase, which
‘has a cuble structure. Further heating to 1429°F (776°C) causes transition
to the gawma phase. ' '

In the alpha phase, the metal 1s moderately hard like steel or cast
iron. In the beta phase 1t 1s very hard and brittle. In the gamma phase 1t
it 1ncreaaing]§"mlleable. ‘ .

Fabrication can be done in the gamia or high alpha phases by extruding,
rolling, or forging; in the high alpba phase relatively high pressures in
the metal are required compared with gemma phame fabricatlon. For example,
extrusion from 4-inch diameter billets to 1 1/2-inch diamester rods requires
about 80 tons/eq.in. pressure at L000°F and about 7 1/2 tons/eq.in. pressure
at LTOOF,

The upper limit of fabrication temperature depends on the melting point'
of the metal and the degree of oxidation that can be tolerated.

Matal can be velded by uge ofirifheiaf_bmic'ﬁrydr’ogé; torch, the helium
shielded tungeten arc, or the oxyacetylene torch, '

» Hardness renge of the metal is from about 90 Rockwell B when annealed
to about 112 Rockwell B after severe cold-working.

o s e [ ISR

Solid Pheses . - u

'I'res.nai'gz__i_on Témperaturea (heating)
Alpha to Beta _ 1229 665
Beta to Gamme 129 776 “- -

Note _- in effect, somewhat lower when cbolirf&

Melting Point 20w 1100

Bolling §oiﬁt : T770 Lz00

I.Ieat'of 'i;ransformation _ -
.A!Lpha._"h—'to Beta Transition 570 BTU/Lb 665 Cal/Mol
Beta to Gamma Transition 8.9 BTU/L};__ 1165 Cal/Mol
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- ) PHYSICAL AND CHEMICAL PROPERTIES .

Heat Transfer Coefficient

Metal to Aluminum  0.258 BTU/Er/Sq Ft/OF 0.035 Cal/Sec/Sq Cm/oC

Cosfficlent of Thermal Expension (Linsar)

6 “x 1076 per oF 70-250° F = éO-i60° ¢ 10.8 x 10-6 per OC
8 x 1076 per OF 250-460° F = 160-240° 0 1k.% x 10-6 per oC
9.5 x 1076 per oF L4B0-GZ0° F. = 240-500° C 17.2 x 10-6 per o¢

Density at Room Temperature

1185 Ib/Cu Ft

b

19.0 g/ce

Tensile strength

80,000 Lbs/sq In

Annealed 60, 000
190,000 Lbs/sq In

Cold Rolled 80,000

E]

ir
|

Aluminum <. o -

Lo

: a
i

The surfage of aluminum 1s covered with a very thin £ilm of oxide.
This forms ingtantaneously after the metal has been cut or scratched. The
chemical properties of aluminum surfaces are a function of this film. Before
any chemical attack can be made on the aluminum itself, the f1lm must be
plerced or dissolved. Aluminum can be readily dissolved in basic solutlons
and also in acid solutlions In the presence of mercury salts. Aluminum is
very ductile and malleable. It 1s a good conductor of. heat and electricity.
The crystals di the metal are arranged in = face-centered cuble-lattice., Tt
readily forms alloys with other metals and,when molten, certaln gasses and
non-metals are_qguite soluble in it. Other physlcal data are llsted below:

Density ' 168.6 Lb/Cu Ft = 2.702 g/oc _ _ e

(LR

Melting Point © 1216°F : 65870 ¢

e I SR

ExpanaioniCoefficients

- F ... ... _=%c

L 68-212 - -~ - 240x106 - 20-100 L

" 68- 3021 - -85,9 x 10-6 . 20-200 -

© 68- 572 26.7 x 10-6° | 20-300

¥ 68~ 752 . 27.2 x 10-6_ - 20-k00

2 €8- 932 S 27.9=x 1076 = 20-500 S
< 68-1112 28.6 x 10-6 =~ 20-600 T

wipig %
]
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T o ~  EXTRUDING METAL, RODS

. PN )

Tncreasd in Volume in Mbiﬁingil ' 6.6%;, o _
Recrystallization Temperature 202°F = 1500 ¢
Ultimate Tensile Strength of Annealed Aluminum , 14,000 Lbs/Sq In

- ©° EXTRUDING METAL RODS

General . - ~

Regular and consistent cycles of operation are Important for successful
results, as temperstures and operating conditicns in several parts of the
equipment are_dependent on material going through. The metal being hendled
is mor'e dlfflicult in many respects then most materials commonly extruded,
e.g., ready oxidation, poor heat transmission, and unworkable characteristics
in the beta phase. Greater care and closer control are therefore necessary
then in the usual commercial extrusion. For the purpose in guestion, extru-
slon 1s not ap 1deal method of fabrication; 1t hes been selected as the least
cbjJecticnaeble, all thinge considered, in preference to rolling, drawing,
forging, etc.

pmsenioe DECLASSIFIED

A rotery furnace with six electrical resistance unit heated zones, all
separately pyrometer-controlled, is used for billet heating. The rotating .
hearth ig provided with 72 saddles, each holding one blllet; of these 66 can
be filled at a time, the idle ones being between the charging and discharg-
ing doors. Billets are raised to the charging level by & hydreaulic 1lift,
and pushed into the furnace and onto the saddles by a hydraulic plunger. 4an
indexing dilal is provided, connected to the hearth drive, to ghow which sad -~ R
dle is in the charging position. ,f = : ;

Inert atmoaphere, to reduce billet oxidation, I8 pyrovided within 'the
furnace by a supply of 99.6% argon, fed at a rate sufficient to hold not
over 2% oxygen_content of the furnace atmosphere. Tnstruments are provided
to indicate argon supply and oxygen content of the furnace atmosphere.

Furnace temperatures are controlled {at about 1700°F) to heat billets
to a uniform temperature of 1600-18250F. in 60-65 minutes. Thorough and
consistent heating is desirable for satisfactory flow of metal in extrusion.
Minimum feasible time and temperature, with reasonably inert atmosphers,
reduces hillet oxidation, which wastes metal and (unless removed ) impaire the
extruded rod. . S

fogEn T
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Extruding the Billets ) e

]

[
!
1
|

The billet, after vemovel from the furnace, 1s moved quickly by mechani-
cal handling Into the extrusion container; during this billet exXpogure any
necessary brushing or flattening of rough or swollen spots 1s done, to facili-~
tate prompt entering into the preas container, and reduce the oxide or scale
on the billet., A "dummy block” 1g inserted back of the billet, the die
carriege locked to the container, and the press ram advanced to extrude the
billet metal through the die, forming a rod. -

The éxtfﬁéion press 1s rated at 1000 tons, having a Z3-inch etroke with
a 4 1/b-inch rem, operating at speeds of 145 inches/min. below 500 tons and
. 23 inches/min. with 500-1000 tons pressure. .

The extrusion die, mounted on & movable carriage, 1s l-inch thick and
L 1/2 to 5 inches diameter, with a tapered throat end a "bearing" or active

forming area 3/%2 inches wide. The material is hot die steel of 10-15% W
content, hardened 1o about L0 Rockwell C, and coated on face and bearing
with a 1/16-inch veneer of Stoodite No. 54, which is ground and polished to
proper smoothness and size (about 1.500 inches for 1.465-inch diemeter rods).
Dimensional accurascy and surface smoothness are essential for proper rod
dlemster and surface which in twurn are required for economical machining,
Die marks may cause surface cracking during quenching, by streas concentra-

tion. The Stoodite surface resists wear and. alloying with the extruded

. metal, ] R 7 -

The extrusion container is a hot dle steel spool of L 1/2-inch inside
diameter and 26~inch length, including a replaceable inner liner, set in a
cradle or houslng containing electric resistance heating elemsnts auntomati-
cally controlled to hold an operating temperature of 10009F. This tempera~
ture ie kept as high as possgible withont softening the steel container, to
avold chilling the billet below optimum extrusion temperature. Before each
extrusion the container bore is cleaned and lubricated with a graphite-oil
wixture, Periocdlcally, reboring is necesgary to maintain close clearances.

s

TECLASSIFED

Dumny blocks are used in sets of three to six to permit cleaning and
. assure stable temperature. They are cylinders of hot die gteol; closely
7 Titting the container (about 0,010-ifnch total clearance, cold), with one end
and flank coated with a veneer of No. & Stoodite, for the same reason as the
dies. Dumay blocks are also cleaned and lubricated with graphite and oll,
to reduce adhesion and wear, and to ald metal flow. o
Under normal conditions, 15000-25000 lbs./sq.in. pressure 1n the con-
tainer 1g required for extrusion., A 20-inch long 200~1b. billet requires
about 10 suconds for extrusion, and makes a rod about 14 feet long. . e

At the end of extrusion, the rod apd dis carriage are withdravn from
the press container; about 1/2-inch of the original billet is not extruded,
but left at the back end of the rod with dumy block adhering. This “butt"
ig cut off the rod by a hydraulic.shaar'at_the end of the press. Thore are
two reasons for leaving the butt, which is about 3-74 of the original bhil-

~ let; further extrusisn would fnvolve extreme increase of pressure,and the
nmetal remaininé-in the butt is contaminated with oxide_and scele. The butt

.7 7 e
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Vg

is removed from the dummy block (ﬁhi_ch,is fhen cleaned ahd reused), quenched

in water, and handled ag scrap metal to be réclaiméd, segregated from other
scrap. Flgure 2 shows a normal billet, rod and butt.

Pretiminary Straigntening and Quenching Rods

The sheared rod is withdrawn from the die, straightened while still in
gamme phase, air-cooled to about 900-12000F, and water-quenched uniformly.
Alr-cooling reduces likelihood of cracking and surfece hardening of roda.
Water-quenching (within, say, 5-8 min. after extruslon) reduces oxidation
loss due to holding the rod at high temperature,

Marking and dropping Rods

Each roc; is stamped with the billet number from which it was extruded
for ldentification through wachining. Rods showing external imperfections

preventing machining to good slugs (oxide inclusions, ragged ends, etc.) are '"’
cropped by an abrasive cutter to remove the defective portions; the result- e
ing s0lid scrap is segregeted for reclaiming, _ | -
= - - D

Fiaal Rod Straightening - -::;c::
The rods are then pamsed through a Medart roll gtraightener, to prepar Gt
them for machining in turret lathes. - : Lk i

e

Quteassing Rods

_ To remove dissolved, combined, or included gases in the metal (particu-
larly hydrogen), the straightened rods are placed in a closed cylindrical
container (90 rods capacity), through which argon gas is passed; this con-
tainer is placed in an slectrical resistence heated cer-bottom furnace and
heated to 1150~12200F (621-600°C) for a period of about 11 hours. At this
temperature, hydrogen golublility in the metal is minimum. The rods sre cooled
in the container with argon atmosphere retained, and must test lesa than 2
ppr of hydrogen to be acceptable.

Rods whigh warp during outgassing to an amount not acceptable for machin-
ing are restraightened and reennealed. -

MACHINING SLUGS ¥FROM METAL RODS

Machinebility of Metal

Machining properties of metal momewhat resemble those of mlld steel.
Because of lower heat conductivity the chips become much hotter when they

Sdg - aaun
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are removed from the stock., Thesme oxidize at temperatures above zho oF

(171 °C) and may cause a serious fire if not properly gusrded. Te prevent
this 1t 18 necessary to supply a large flow of coolant (20 parts of water to
1 part of moluble 011} to the tool bit. The catch pan on any machine on
which metal is worked should be £illed with % to 4 inches of cooleny in which
the hot chips mey fall end be quenched, During the process of oxidasion some
of the metal oxide is glven off into the air. All machines on which metal ig
to be worked should be provided with adequate individusl suction air vents,

When machining metal, the tool bit must be kept extremely sharp, Hard
tungaten-carbide tool bits are used for this work. Should the bit chip or
become rounded and drag on the work, the metal becomes work hardened to such
an extent; that any following machining operations are extremoly difficult.
Experience indicates that the best rake and clearance angles on a tool are
between 6 and 7 degrees. The surface apeed of the work should be kept
between 125 and 150 feet/minute. The depth of cut should not exceed 0.050
inche > nor the carriage feed exceed 0.015 inches/revolution. Increasing the
8lze of chip or cutting speed damages the tool bit. Metal chips from machin-
ing operations are most safely stored In steel cans under water.

The Machiningf—?rocess ) o - BEEE‘ aSSIFIEH
The machining process is as follows: B

1) The rod is chucked in the lathe so that a slug's length extends out
of the Jaws, with enough extra to permit working the cut-off tool
for cutting a slug of proper length. ' - =

2) The outer end of the rod is faced smooth and square.

3) The. gylindrical surface is machined to 1.359 + 0,001 - 0.002 inches
diamater, '

k) The slug 1s cut off about 8 1/16 - 8 /%2 inghes long.

.5) The éiug ig thén,reversed'and_fé-ohuéked.

€) The cut off end is machined smooth and flat so that the slug 1is
8 inches long.

7) The 6§rners are rounded with a radiuvs cutting tool.

During the machining process a large flow of coolant is required to
koep the chips below the ignition temperature. The chips must be freguently
removed from the catch pan in order to prevent burning. The liquid level
malntained in the catch pan must be such that all chips falling into it are
completely submerged. Should & fire result from this operation the only
satisfactory method of extinguishing is to cool the chips below their igni-
tion temperature by submerging them in water.

During the machining operation the surface of the slug must be kept free
of smeared metal caused by dull tools or improper feed. It has been found

T T S |
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that this tgye of surface causes a poor heat transfer that would hemper the
noymel operation of the slug.

Inspection

After the sluge have been machined they are inspected for dimensions,
soundness of metel, surface finish, and weight.

T

Flgure 3 is a flow sheet of the assembly operation. The various parts
used in the assenmbly operation are shown in Figure 4. Figure 5 shows the a
aggenbly of a finlshed slug. _

THE CANNING PROCESS

Process Contirol

The prime requisites In the production of a finished metal slug are:
the slug shall be completely bonded to the aluminum can and cap at every
poinbt; the cep shall be firmly and voldlessly bonded to the walls of the can
above the slig proper; and the aluminum envelope thus placed about the alug
shall be abaolutely free from ruptured or penetrated reglons to the end that
the canned piece shall be able to withstand prolonged exposure to steam or
water at high temperature without the slightest trace of water coming in con-_
tact with the base metal.

The bonding medium used in the process is an aluminum-silicon alloy[pon-
taining approximately 11.25% sillcon, adjusted to this value by methods of
thermal analyais:3 In order to insure complete bonding between the metal slug
and the aluminum can and cap, it 1s essential that the surface of all the
component parts be completely wet by the bonding mediuvum and that they dbe
agsgenibled In the presence of an excess of the bonding medium in a fluid etate.

Wetting of the slug surface with the bonding medium is accomplished by
first degreasing and pickling the slug, and then paseing it through a series
of molten metal baths of suitable temperature and composition.

Several. factors must be gonsidered in establiaﬁing 8 technigue for
wetting aluninum cans and caps with the bonding medium: )

1) The surface must be chemically clean.

2) The surface must be free from areas of fine irregularities or matte
condition. ST Lo .

3) The surface must be treated to remove most of the film of aluminum
oxide normally eéxisting on aluminuwm surfaces exposed to air, and
%o dnhibit further formation of such film. This treatment must not
be drastic enough to produce a matte surface.

ﬁTE 1§m° e - - T e
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L) A&Qorhed molsture tends to react with the aluminum to produce a
surface not conducive to vetting.

5) Abrasion of the aluminum gsurface at a temperature above the melt-
ing point of the A1-81, while in intimate contact with the molten
alloy in conducive to the wetting of the swrface.

"In addition, 1t 1s necessary to control the length of time in the baths and
handling time between them accurately. Excessive handling time results 1in
the formation of a thick compound layer between the 8lug and the can or in
excessive lowering of the elug temperature,

Equipment
Slug Machining

For slug machining No. I Gisholt Lathes are used. Theae are equlpped
with hexagonal turrets and carbolloy-tipped cutting tools ground to sultable
ahape, ZEach lathe 1s covered by a vented hood to prevent scattering of
chips, and to drew off finely divided oxide and fumes from the coolant.
Snap-gages and length gages with dial indicators are used to insure proper

Gimonsions of the turned alug,
‘l' Slug Pickle

The tanke conteining the nitric acid bath used for removing oxide film
from slugs prior to canning, as well as the rinse-water tanks, are made of
stainless steel (Cr 18, N1 8, Mo 1) with welded seams. These tanke are
fitted with stainless steel steam colls and dial type thermometers to per-
-mit maintaining proper temperature. Exhaust hoods are provlded to draw off
fumés from the nitric acid.

susesemen  [JELASSIFIED

. . The furndces uaed for melting and keeping molten the various coating

. metals employed in the canning process are Hevi-Duty nichrome element type
furnaces of the proper size to hold 2h-inch by 2k-Inch graphite or Tercod
criucibles. The crucibles holding the bronze and aluminum-gilicon baths
are supported within the furnaces on pedestals each made up of three 120°
segments of Tercod cylinder. The tin cruclbles are encased in a metal
sheath for protection, but such a sheath rotards heat transfer too groatly
In the other furnaces.

The furnace teuperdtures are controlled by adjusting keat input to
rate of flow of material through the baths. Micromax antomatic controls
and recorders are adjusted in the light of experience to furnish proper
heat input to meintain the temperature desired in the bath within a cloee

: temperature range. :

Centrifqggs

The cenfrifugea used for removing exceas molten tin from the slugs prior
to dipping them in the Al-S1 bath are of the haavyhiuty type, permitting

- 116 - — g
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|

attaimment of maximum speed of rotation within 5 aeconda efter starting.
They aro each fitted wlth a brake which will stop rotation in an additional
pacond or two, thus making it possible to remove most of the excess tin
from the slug without unduly cooling the latter.

Canning Fixtures

The removable haskets used to hold the sleeve-can assembly in the can-
ning bath, as well as all tongs and spatulas which are in frequent contact
with molten metal are made of 18-8 stainless steel in order to resist solu-
tion in the beths and corrosion by the atmosphere. The baskets are
supported by a two-position camjack with a level adjusting clamp, permit-
ting the sleeve-can asseumbly to be lowered into and raised from the canning
bath with facility.

Quench Tanku

The tanks uaed for guenching the assembled canned pleces are rectangular
in shape and of about Z0-gallon capacity. BEach is fitted with a 1/2-1inch
¢old water inlet and a welr with catch basin and drain for meintaining proper
water lavel_as the cold water flows through 1t. Accessory to the quench
tenk are receliving baskets into which the hot slug«can-sleeve asssmbly 1s
placed after removal from the camning basket.

T T

As the_slug comes to the cenning area from machining, it is covered
with a f1lm of cutting oil to which adhere particles of various kinde of .
foreign matter. A preliminary step in the preparation of the slug for can-
ning ls the removal of this surface dirt and oil. This 18 eaplily and
effectively accomplished in a solvent-vapor degreaser. The olly slugs are
suspended 1n suitable baskets in trichlorethylene vapors for a perlod of
2 1/2 minutes dwring which time the vapors condense on the surface and run
off, carrying away the oil and dirt particles.

Pickling

The dark film of oxide adhering to the slug is insoluble in the solvent
used in degreasing. It is removed by immersing the slugs batchwise in a
bath of 50 ¥ 5% nitric acid at 60 - 70 ©C for b 1/2 minutes followed by &
rinee and & 1/2 minute repickle.

The slugs are rinaed acid free in cold running water and dried in a
blast of warm dry alr. The water evaporates from the slugs before they
are heated to a temperature high enough to cause formation of oxlde through
reaction with the water. Slugs should be put through the canning process
as soon as possible after plckling to prevent re-formation of the oxide
£iim, Pickled slugs which have become tarnished from exposure to air may
be reconditionad by a few seconds repickling in the acld bath. No attempt
should be mede to can ternished slugs.
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After bickiing and drying, the slﬁge are handled only with clean, dry
gloves and are placed directly from the drying operation onto the dispens-
Ing rack.

Bronze Dip

In arder to wet the surface of the slug with the bonding medium 1%t is
necessaxry to raise the temperature of the slug ahove that of the melting
point of the bonding medium. This can be avcomplished by heating the slug
directly in the Al-Si bath, but the long exposure of the slug to the
aluminum at high temperature results in alloying of the two metals, forming
an excessively heavy compound layer that is extremely brittle on cooling,
and can not satisfactorily withstand mechanical or thermal shock.

It has been found that this difficulty is not encountered if the glug
is brought up to canning temperature in & bronze bath. Tead has also been
found satisfactory for this purpose,

" The most desirable composition of the bronze dip is 47% copper and 52d,

- %in.™ These components are not selectively withdrawn from the bath by the

Hlugs and the concentration remaing relatively unchanged. The melting
point of a bath of this composition 1s 1280 OF (693 oC). Copper 1s used in
the bath since 1t increases the undercutting resistance of the aluminume=
sillicon bond. AL concentrations greater than 50% the copper oxidizes
excessively on the surface of the bath.:1

t_A flux (314 potassium chloride, L84 parium chloride, 21% sodium
chloride) ig used on the surface of the bath to protect 1t from oxidation,
This flux aleo cleane the slugs and alds in wetting them during the dip-
ping operatione. It is a further ald in preventing the slug from oxidiz-
Ing as it is removed from the bronze dip and transferred into the tin bath;l

[TExperiéhce Indicates that the optimum operating temperature for the
bronze bath 1s 710 &+ 5 oC. Higher temperatures cause excessive dissolving
of the smlug.” Lower temperatures are not conduclive to good aslug coating.
About 40 peconds are required to bring the slug to the proper temperaturs
and completely wet it't]

DECLASSIFIED

Tin Dip
The tinkdip serves as an-intermediate bath between the bronze and the

aluminum-silicon. It removes practically all copper from the glug and
applies a surface to it that the aluminum-silicon will readily wet.

It also serves to cool the surface of the glug sufficlently to prevent
its oxidetlon when carried from this bath to the aluminum-sgilicon bath,

Flux, cerried from the bronze bath, floats on the surface of the tin
btath after slug immersion. This is carafully skimmed off before the alug
1s removed from the bath. In thig mwanner, no flux is carried from the tin
bath into the aluminum-silicon bath. ' ’

[, e composition of the bath 1s 99.6 to 99.9% tin and 0.1 to 0.4
aluminum. The aluminum iz added to minimize the oxidation on the surface

- 18 - : |
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of the bath. This 1s possible since the affinity of aluminum for oxygen is
greater than that of tin. The oxide Tilm formed on aluminum surfaces is
extremely thin, making it desirable for the bath protectionﬁtl

The aluminum slowly forms g compound with some of the copper which 1ig
carried over the bron e bath, Thie compound floats on top of the bath and
is skimmed off after sach slug is placed in it. When the surface of the bath

shows signs of excesglv: oxidatlon, it indicates that the aluminum content

ghould be increased. An excess of aluminum, however, does not seem to aid
in this function [:Fhen the copper content of the tin bath reaches %, the
bath is discarded. and a new one is melted up,

i ol 8 5
LERS A e B o HE o e LIy

Eifﬂe tin bath is maintained et a t%mberature_pf7595 £5 OQzl Higher
temperatures are not necegsary and serve only to produce excessive oxide
formation on the bath and the slug. Lower -temperatures cool the slug so
that there ig danger of Al-Si freezing on it before the canning operation
is complete. ] -

As the slug is released from the bronze-dipping basket, it drops onto a
stalnless steel tray which is suspendea. about & inches below the surtace ot
the tin path. It remains on this tray for a period of 25-40 seconds. This

ime has beer found sufficlent ts ¢ool the slug to the desired temperatureLJ
The surface of the bath 1s then skimmed and the slug grasped in stainless
steel tongs and removed to the centrifuging operation.

Centrifiging L -

As the slug 1s removed from the bath a large excess of tin clings to
1ts surface. . This mst be removed before the slug is dipped into the
alumlnum-silicon bath so that the latter will not be repldly contaminsted
with tin. [Tin cannot be tolerated sbove 0.2% in the bonding wedium between
the can and the slug since it lowers corrosion resistance and interferes in
the geparations process] Im addition, the tin layer contains a relatively
high percentege of digsolved heavy metal recelved from the bronze bath.
This metel, when alloyed with elumlnum-gilicon, forms a brittle compound
which ig undspi?able In the final aasenbly. -

When thqlslug 18 removed from the tin bath 1t is placed in a container
on the circumference of the rotating basket. The opposlte side of the
basket is counterbalanced in order to prevent vibration. The slug retainas
sufficient heat in itgelf go that it is not necessary to heat the basket in
the centrifuge. | After the elug has been rotated for 5 seconds the eXcess
tin heas been thrown off, leaving a layer about 0.0005 inches in thickness.:]

Aluminum-Silicon Dip

Aluminum-gilicon is unged as a bonding medium since it hes s lower
lting point than aluminum and virtually the same corrosion resistence.

It consists of roughly 884 aluminum and 12% silicon which 18 near the
eutectic compdsition of thig aystem;zy -

'Z:Ehe elugjis dipped for 6 seconds into the'aluminum—ailicon bath after
removal from the centrifuge. This insures that its surface is completely

4

DECLASSIFIED
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wetted with the alloy before it is inserted into the can. ‘The bath tempera-
ture is maintained at 595 .+ 5 Oc.:( h

Preperation of Parts

Sleeve }reparation , . -

During the process of assembling the slug and cap in the aluminum can,
the latter is enclosed in a heavy walled steel sleevé open at the top end.
This sleove serves the four-fold function of holding the cax in position in
the molten Al-Si bath for slug insertion, of rreventing the Al-S1 from
fouling the outside surface of the can, of supporting the can rigldly to
prevent its deformation during slug insertion, and of transferring heat from
the molten bath to the can. Differential contraction of the stesl and
assembled slug permite eamy removal of the latter after guenching provided
the sleeve has the shape of a right circular cylinder without distortion.

The steel protective sleeve, as recelved, have no coeting over the bare
metal. If they are submerged in this condition in AL-Si at the canning-bath
temporature and allowed to remain until temperature squilibrium is reached,
especlally if the surface is subjJected to abrasion while in comtact wilth the
alloy, the latter solders itself to the steel and is very difficult to -
remove . Forfihia reagon, it 1s neceamary to bake the gleeves at a high
tempsrature in an oxidizing atmosphere until they become coated with a heavy
blue oxide film which resists attack by the aluminum-silicon bath during

the assenbly operation. , ey -

Sleeves may be re-umed repea%edly as long as thelr dimensions are not
distorted. It is only necessery to dissolve off adhering Al-8i in a strong
caustic solution, rinas, and dry them thoroughly. They are given a final
rinse Iin soapy water before drying to cover them with g rust-preventing

‘P1lm,

Can Preparation

In order 16 insure a good bond between slug and can, the latter must
have & chemically clean, dry surface on the Inside, free from matte sresas.

After a great deal of experimentation, the following preparative procedure e

has been adopted as conducive to best bonding results.

L

-
1) TInspect out cans having interior surface atains, matte areag, and Ldd
other suwrface imperfections : [

2) Degrease in clean solvent

z) Soak 6 minutes in a solution of'0.1$-tetrésodium pyrophosphate,
0.1% at 55-65 °C, followed by thorough rinee, first in hot water,

then in cold water —

h) Etch-by complete immersion in 20 & 1% phosphoric acld at room
temperature. (20-30 ©C) for 4 min. 15 sec. This etch must be
very mild to prevent forming a matte swrface

- 120 - ’ _——
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5) Rinse thoroughly in cold water and drain

6) Ringe in C.P. methanol
7) Dry et least 15 minutea on forced air dryer at 60-70 ¢

Cap Préi»ai‘ati on

The resson for careful preparation of aluyminum caps are the same ag
those given for cans. The treatment is slac the pame except that etching
is done in a 1% solution of Pluosilicic acid for 8 minutes at room tempera~

ture inﬂtead_ of in phosphoriq acid. 7 o

Aaaemb;g‘

Asgembling Cen and Sleeve

- Tmmedlately follow ng the finsl gtep of can preparation, the cans are
inspected for internal flawa, following which they are inserted in pre~
inspected sleeves. It is necessary to flare slightly the mouth of the can
to seal 1t agains’ the sleeve in order to prevent the molten Al-Si from
running down between the s.:eve and can. According to present procedure,
this flaring i1s accomplished in two steps: a 2-inch steel ball is presned
into the protruding end of the caen efter its insertion into the nleeve, and
later, after the can-sleeve apsembly has been hested by partiel immersion
in the molten camning bath un 11 the can hes become annemled, a similar ball
is agailn tapped into ite mouth to readjust the contour of the can to that of

the sleeve. . o —

Assembling Component Parte

The gteps in the agsenbly process are as follows:
1) Place sleeve-can asgembly in canning basket

2) Immereé sleeve-can assem‘blyEbo within 1/2 inch of its mouth in
molten canning bath at 590-596 oC (previocusly adJjusted to 2 8ilicon

content of 11.2 to 11.5%). Preheat in this manner 45 gec. ¢+ 5 aecﬂ

=) COmpigtely submerge sleeve~can assembly in canning bath allowing
can o £111 with molten metal.[ Hold 1t submerged 40 t 15 sec.
until hot slug is brought over From Al-Si dip 'ba.th_l

4)\ 20 seconds before slug is due to arrive at canning furnace submerge

cap (held by bosa in tongs) in the canning bath. Hold motionless. J

Skim oxlde from bath surface.

5) Dip slug brought over from Al-Si dip bath into canning bath,
Immedlately remove and insert lower end of glug in open end of can-
f8leeve assembly which has been rinsed to permit loeation. Align

tlug _coaxlal with can,

T - 121 -
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z 6) Allow slug to drop under 1ts own welght into can at least half 1ts
length, displecing molten Al-Si as it settles. Xeep slug aligned
coaxial with can. Meanwhile, lower assembly again so that mouth !
of can is entirely submergesd.,

7) Press slug completely to bottom of can with push rod.

8) Remsve cap from bath, scrape bottom vigorously across a rough
surface (such as & transite boerd) to insure its wotting.

Q) Re-c‘fip cap 1ln bathl for two seconds, during which It is swirled e =
vigoroualyﬂ

10) Inasert cap in open end of can above aiug, using twisting motion,
and press down tightly.

11) Remove asgembled plece to quench.

— »

_Q,llﬂg}liﬂg . ' o~

After removal from the canning basket, the asgembled plece, still
encaged In the protective sleeve, 1s transferred with tonge to = guenching
basket, similsr in shape to the canning basket. The bagket with its con-
tents 1s then completely submerged in the cold flowing water of the guench

. tank until the molten Al-S1 has 80l1dified, after which the basket 1as
suspended In the water with the top about 1/2 inch abeve the water level
until the assembly 13 cool enough to handle comfortably. The slug 1s then
removed from the sleeve by inverting and shaking, or in occasional stub-
bornly stuck pleces, by tapping the sides of the 8leeve with a rawhide

mallet. -
Finishing Operdtions _ . — HEBLASS'F,EH
Cut Off : .
. After cannfng, the rough jJegged end at the top of the glug 1a cut off

on & band saw to give a plece about 1/% inch longer thean the finished
longth. The band saw 1s much faster for this rough cut than s lathe, and
it lessens the danger of shattering the bond at the cap end.

Moasuring end Marking Cap Thickness

Proper operation of the plle requires reagonably close tolerance in the
thickmess of the aluminum end Pleces on the slug. The bottom of the cans
‘are fabricated to the proper thickness (0.0Z45 ¢ 0.010 inches) and 1f the
slug is completely geated, the thickness at the bottom is satisfactory. Tn
order to inmure proper cap thickness, however, in view of the fact that
8lug length tolerance 1s equivalent to cap thickness tolerance, it 1s neces-
sary actually to measure the diatance from the end of the slug to the end of
the cap, This 1a accomplished by placing the canned plece in a beam of
X-raye, indexing the end of the slug by viewing through a Tluoroscope, and
marking the wall of the aluminum cen at the proper distance above the end
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of the alug @o glve a cap thickness of 0.0340 & 0,010 inches.

Mechining 7 o

After the slug hes been marked to give the desired cap thickmesa, the
sawed end of the plece 1s faced off in a lathe to the depth indicated by
the mark on the side. A shoulder 0.0%0 &+ 0.005 inches deep by 0.050 +
0.010 inches wide i1s twrned around the end of the slug to facilitate weld-

ing.

Welding S | S N

To insure complete olosure of the cap end of the slug, the cep is
welded to the can, using an electric are in an atmosphere of argon. For
this purpose a collet chuck capable of rotation of speads varying from zero
to about %0 rev./min. is used to hold the slug, and the torch is held in a
sturdy Jig capable of 3 inches latersl swing, and fitted with a micrometer
screw for the vertical adjustment of the arc apacing.

. In uge, the slug to be welded 1s chucked in the collet and the tungaten
electrode 1s adjusted to give the proper spacing (0.050 inches) from the
machined end of the slug. The argon flow about the electrode 1s ad justed
to the rate of % to 5 1iters/ﬁin. The drc 1is struck by ionizing the &a8
with a high tension spark while the electrode .and slug ars at a potential
difference of approximately Z00 volts. After the arc ls initlated, the
current is adjusted to T0~75 amps, at which value the potentiml difference o
between elsctrode and slug drops to 11-15 volts. The arc is struck on the
mechined cap at & polint epproximately 3/8 inches away from the center of
the slug, which 1s rotated in a counterclockwige dirsction for one full
revolutlon, the speed being adjusted so that a well defined pool of molten
aluminum sxiste under the arc for at least half of this revolution. The
rate of rotation is then diminished or completely stopped while the elec-
trode 18 moved slowly outward to a posltion just outside the machined R
shoulder of the slug. The rate of motion of the electrode must be such
that the moliten pool always stays ahead of the arc. As soon &s a pool formsa
in the new arc location, rotation of the slug is continued at such rate ithat
the molten pool’ steys shead of the arc. One complete revolution is made
with the arc in this-position, plus about 1/ inch overlap. The arc is then
moved still further outward until it is such a position that 1t forms a
smooth, rounded weld heed. The rate of rotation is increased ag much as
possible, still keeping the pool ahemd of the arc. After cunpleting one
revolution plne about 1/t inch overlap, the arc 1s moved rapidly toward the
center of the cap and the arc circuit is broken. The electrode is then
moved aside and the slug removed from the collet with padded tongs and cool-
ed in a water tank to permit handling. -

-  DEELASSIFEL

INSPECTION AND TESTING _

The 1nspections required for a completely assembled slug for the Hanford
Plant may be divided into two main groups : ) -

- 12% - s -
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1) TInspection of materials

2) Inspection of completed asaambly

JGF m‘

The latter may be divided into four aub-groups ‘which are: well sound-
ness determination, extent of bhonding present, gauging, and visual examina-
tion. i

- —- -

Nb.terie.is Inéi:ec'tion

Inspections ore made In the machine shop to see that the slugs meet
the tolerance reguired before they are turned over to cenning. No routine
inspection in canring 1s made on the sluge. The aluminum cans and caps
and steel sleeves are mede by outside companies and shipped to Hanford.
Samples are taken from the cans and caps recelved at Hanford periodically
and analyzed chemlcally to see that the Impurity tolerances allowed ars not
oxceeded.,

" Cans, caps, and sleeves are completely inspected for the following
items hefare‘they are turned cver to production:

Cans: Tength, outside diameter, wall thickneaé, bottom thickness,
warp, interlior and exterior surface condition. (Bottom radiue,
dimplo dimensions, mouth chamfer and measurement of scratch depth
Hre checked on representative samples rather than on all samples)

m

Caps: Dilemeter, body length, radius at bottom edge, hose, surface
Eonditiona.
Sleevesgknew): Inside dlameter, depth inslde, length, wall thickness,

ghamfer, inside surface, weld bead Inelde, warp.

Sleeveé%(used): Inslde diaméter, Warp, surface{ adhering Al-S1.

tsmn o © DECLASSIFIED

Prior to welding, the machined canned pieces are inspected by means of
an X-ray machine with indexed fluoroscope for cap and bottom thickness.
Those having thicknesses greater or less than the specified tolerances are
rojected at this point, thus saving the tims and labor Inveolved in welding
non-usable piaces,

Inspection of Canned Slugs .

e ”

Fluorosgope Tegt

Tt is also posseible to pick ocut pleces having volded areéas hetween slug
and cep or bottom, which defects are not detected In the frost test. When
such defective pleces are found, they are relected. Pieces successfully
passing the "Fluoroscope" test are sent on to the welding operation.

el - | o
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Froat Test P L SR S R - e
The slug to be tested ls sprayed with s nearly saturated solution of

acenaphthene in carbon tetrachloride until 2 smooth while film of the

acenaphthens is obbtained on the surface of the aluminum Jacket. The slug

i1g then passed during %0 minutes through a thermostatically controlled

temperature equalizer wrich brings all slugs to a temperature of 25 + 5 00,

The slugs are then passed six at a time, at a definite velocity, through
an induction coll which supplies approximately 25 kw of energy at 9600 ’
eycles/second., This produces surface heating only. Acenaphthene nelts
between 93-95 ©C. If the heat induced in the surface of the aluminum can
passes through & good bonding medium to the slug, a temperature above o5 o .
18 not reached on the surface, hence the acenaphthens remains white and
crystalline on all spots where the bonding between the can and the glug is
gound. If there is a void In the bonding, or if the bonding 1s defective,
the heat induced on the surface is sufficient ‘to raise the temperature on
the surface above 9% °C and the acenaphthene melts at that point. When the
acenaphthene melts. and then solidifies it forme rather large clear crystals
and remains in this Torm. Acenaphthene gslowly sublimes at room ‘temperature,
80 that the slugs must be classified soon after passing through the testing
machine or exrroneous classifications may be made. Slugs are clageitisd
according to.the size and location of melted areas developed in the froaty
coating. . _. . e e - - - ‘

Pre-autociave Inspection

Pileces snccessfully passing the frost test are de-frosted by trichlor-
ethylene vapor degremssing, or by other suitable meang, and are then etched
10 minutes in a 40-50% solution of nitric acid at 80=90 op,

Thig treatment serves to darken any areag of exposed aluminum~silicon
go that any regions in which the Donelng meqium may have penetratea Through
the aiuminum can become black and may be easily cbserved by visual inspec-
tlon and rejected. .

Following this etching treatment, the canned slugs are inspected for
diameter and warp by use of a full length tube gage of 1L.455 inches Inside
diameter. They are then visually inspected for penetration, surface defects,

weld quelity, and presence of ldentiflcation marks, -

ALl canned pleces are steam-autoclaved for 10 houra at 90 £o 100 _
1bs./sq.1in. steam pressure. In this treatment, 210 pleces per bateh are .
loaded on suitable baskeis and enclosed in & steel chamber into which stean
ig Introduced. Under theae conditions, any breake in the aluminum envelope -
even those of microscoplc size - are permeated by the water or. vapor and the
metal slug is attacked and locally converted to the oxide which ocoupies
several times the volume of the metal before oxidation. Thus warts or swel-
lings are caused which betray defectes in the continuity of the aluminum
Jacket. Pleces which have developed such swellings are culled out by means
of a 1.455-inch tube gage similar to the one used in pre-autoclave inspection.

- 125 - . o
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In addition to detecting and eliminating pieces with dlecontinuities in
the aluminum Jacket, the proceas of subJecting sound pleces to the action of
steam bullds up a heavier coating of aluminum oxide on their surfaces than
1s readily accomplished by other means. This oxide Film serves to protect
the aluminum Jacket, meking it more resistant to the corrosive action of the
water with which the pieces esre surrounded in the pile.

All canned pieces are given a final visual inspectlion after autoclaving

in which those which have been marred in handling or have become warped or
stained during autoclaving are rejected. ' z

Machining and Handling Metal -

During all operations Involving the machining of metsl a fiume hazard
is present. Toxic quantities of oxide liberated during these operations
muat be removed by adequate ventilation. The best method for removing this
1s individual exhaust hoods attached to each machine. By having an adequate
supply of coolant applied to the tool bit the production of this oxide can
be greatly reduced. Oxide is 80 concentrated in the air of the bullding
where extrusion and gstraightening are carried out that operators are required
to wear respirators. :

The fire hazard in machining metal ig always present. This can be
minimized by using an adequate supply of coolant on the tool bit and by
being sure that the chips are quenched in coolant when they drop into the
catch pan below the lathe. It 18 necessary that they be removed frequently
and stored In steel cans to:preventﬁigpiﬁipg from a hot chip. B

Operators working with metal must be cereful to wash their hands
frequently and thoroughly in order to remove metal dust that may have col-
lected on them. This metal is capable of destroying the skin tissue when
in intimate contact with it. The degree of damage is determined by the
length of time to which the tissues are exposed. TFor this reason, leather
gloves muat be worn when handling motal, either raw or canned. Operators
must wear coveralls which are changed daily. Those whose work involves
frequent handling of matal must take shower baths before resuming street
¢lothes. h

s JICLASSIFIED

In the extrusion and canning process much of the equipment is operated
at dangerovualy high temperatures. It is necessary, therefore, that the
operating persommel he properly and adequately olothed. This clothing
should include heavy asbestos gloves, asbestos or leather apron, legginsg,
louse~-fitting shoes, and complete face and head protection. The coveralls
worn by the operating persomnel are fireproofed. Only thoroughly dried
tonge, lathes, etc., must be dipped into molten baths due to danger of
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‘ explosions -6f drops of molsture if introduced beneath the surface of the
metal, with attendant hazards to the operators.

Welding Prec‘éutions

Becauge of the electrical nature of the welding operation, adequate
¢lectrical insulation and protection of 1l equipment im required. Gloves
should be worn when placing the pleces in the collet chucks and they should
be removed with suitable padded tongs to prevent danger of burns. The light
11lter shileld which swrrounds the arc must always be in place when welding
is in progress. This provides adequate protection from the intense ultra-

. violet light generated by the arc.

Handling Acids . o -
Oparato%a who fill and empty the .vg_i{ioué acid bath tanks must wear
rubber asuits, hoods, boots and gloves at the time of handling the acid. The
fumes generated in the hot nitric acig tanks are quite noxious and must be

carried off by adeguete exhaust hoods.

Solvent Degreasers ' ) _

. Active 1@,‘0&15 » such as those involved in the present process, promote
the decomposition of the chlarinated hydrocerbon used as golvent in the vapor
degreasers. _Although the solvent employed in these units contains a bagle
stabilizer, the stabilizer ney become exhausted snd decomposition may proceed
unabated. Since the decomposition productes of chlorinated hydrocarbons
include phosgene, chlorine and hydrochloric acid, it-ig necessary to test
the solvent periodically and chenge it when evidence. of decomposition is

Indicated.

In additions to the hazarde occasioned by the decomposition of the
trichlorethylene, the vapors themselves are toxic inconcentration of a few
. bundred parts pér million, so that it is nacessary to operate these units
in & well-ventilated:  location without drafts.

The solvent dissolves natural oils from the skin and is directly absorbed
through the ekin into the blood gtream where it has adverse physiological
offecta. The hands must never be put into the solvent vapors,

Because of ‘thé danger of £l ing chips, splashing acid, and other hazards
to the eyes existing in the g;;trnding,m&gchining, and canning areas, all per-
: sons entering these aréas are required to wear side shield safety glasses.

Safety shoes are also reconmended as a geéneral safety precaution.
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SECTION A - METAL PREPARATION

Aluminum, 106 Inspection, 123 °

general properties, 106 canned slug, 12k
density, 106 rav materials, 124
transltion ypoints, 1OT rods, 109 . -
thermal expansion, 106 ravw slugs, 112
tensile strength, 107 Jacketed slug, 115
Aluminum-silicon dip, 119 Layout of plant, 1O
Arc weldlng, 123 Machining, 109, 123
Argon arc welding, 123 . Metal 103
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process, 103, 112, 121 Preheating S
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Cropping of rods, 109 L - Properties [ -
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bronze, 118 aluminum, 106
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aluminiim-gilicon, 119 ) Raw material inspection, 12k
End machining, 122 Rod, 107
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die, 108 . inspection, 109
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Pressure, 108 ° _ specifications, 110
Finighed slug, 115 ' stralghtening, 109
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of agsenbly operation, 110 Safety, 126
Furnace Specifications of rods, 110
bath, 116 Speed of_canning, 112
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ca.nning, 116 ' . Btraightening of rods, 109
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Hendling precautions, 126 _ Welding, 123
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'CHAPTER I - NUCLEAR PHYSICS PRIMER

Thé Henford product is formed by nuclear reactions. Consequently, a

knowledge of the elements of nuclear physics is essentisl to understanding
the process. This ch

‘ gpter will introduce the beginner to the fundamentals
of this subject. .
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' k ' BUILDING BLOCKS OF MATTER

Structure of the Atom

The building blocks of matter are neutrons, protons, and electrons.

All of the atoms of matter are made up of suitable combinations of these

units. According to atomic theory, neutrons and protons form en assemblage,

called the nucleus, around which the electrons move in a miniature golar

- system, their orbite determined by electrical forces. The weight of the

neutron ie very nearly equal to that of the proton, each having essentlally

unit weight in the atomic scale. In comparison; the welght of the electron
. le almost negligible. The proton and the electron are electrically charged

particles each having & unit amount of charge. The sign of the charge of the

proton 1s positive, and the electron negative. The neutron, however, as the

name implies, is electrically neutral. The mass and charge properties of

these particles are summerized as follows:- -

B Particle Charge _Meas
Proton Popitive 1 ‘
- Neutron Zero S HEEI. AS S IF IEI]
. .. Electron I»?egative 1 / 180

The electrical atiraction between the positively charged protons of the
nucleus and the negatively charged electrons of the orbits holds the atom
together. In order to form an electrically neuwtral atom, the number of
protons, that is, the number of positive charges in the nucleus, corresponds
to the "atomic mumber™ of the atom. The total number of particles in the
nucleus, the sum of neutrons and protons, is called the "mass number". The
mass nuttber is very nearly equal to the "atomlc welght" of the atom because
the conetlituent protons and newtrons have approximately unit weight. In

. nuclear physics the nucleus is expressed by a symbol which consists of the
chemical abbreviation for the element, with the atomic number as a subscript
and thg mass number as & superscript. The errangement of the symbol, with
examples, is as follows:- i - ;

0 58

2
3 92U

Mass Number : 1 L
X Exemples: 157, B

Atomic Number

Schematic drawings of the structure of several stoms, indicating the
components of the nucleus and the orbital paths of the electrons, are
presented in Fig. 1.

R _——
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Fig. 1

URANIUM
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L 5 5 92
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The number of electrons in a neutral atom determines the chemical
propertles of the element. Because the number of protons is equal to the
number of .elsectrons in an electrically neutral atom, we can also say thet the
nunber of protons in the nucleus determines the chemical properties of the -
olement. It is possible for nuclel of an element, all of which contain the
same number of protons, to have different numbers of assoclated neutrons.
These different speciss of the element are called "isotopes™ of the element.
Because the nmumber of protons is exactly the same, the chemical rroperties of
isotopes are ldentical. Thelr separation by ordinery chemical procedures is
Impossible beceuse they act chemically as a unit. To illustrete the differ-
ence in the structure of isotopes, two isctopes of boron are shown in Fig. 1.

, | o -k L]




HW-10475-SEC, B

e
COPY NO.._()_LSERIES C

- BUILDING BLOCKS OF MATTER

While there are over 90 different elements, there are more than 280 kmown
stable isotopes. The mmber per element is distributed in a very uneven
manneér among these eolements. The mumber of steble imotopes per element is
determined by the rules that govern the stability of muclei. In general no
nucleus 1g sgtable which has more protons than neutrons. The relative number
of neutrone to protons varies with the atomic mumber. The lighter elements
have nearly equal numbers of each while the heavier elements have many more
neutrons than protons. »

Atomlic and Nuclear Porces ’ _ Z

The dlameter of an atom is approximately 10,000 times as great as the
diameter of its nucleus. Because of this fact and the extreme mmallness of
electrong, an atom is mostly empty space with minute electrons revolving
about an extremely dense nucleuns. The magnitude of stomlc dimensions is
illustrated in Fig. 2. . B

FIG. 2

- :
- e

~
© 7 URANIUM
y ATOM
p 92U238 \

q:LF bl - .
NUGLEAR DIAMETER=~10 “CENTIMETERS

XN

The forces which act between the orbital elsctrons and the nucleus are
the familiar electrical forces of attraction between unlike charges and
ropulsion between like charges. These forces act through long distances.
This type of force wlll not, however, explain the cohesiveness of a nuclous
which containg & number of positively charged massive protons, in a ¥olume
only 10~12 times ss large as the volume of the entire atom. These nuclel are
held together by forces which are peculiar to nuclel; strong attractive }
forces exlist between similarly cherged protona, between electrically neutral
neutrons, and between neutrons and protoens within the nuclear volume. '

S5 - -_—
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NUCLEAB REAC’I‘IONS

Artificial Transmtation

The first artificially induced muclear transmtation was discovered
a little more than twenty years ago. In this flrst nuclear reactlon nitrogen
nuclel were bombarded with swiftly moving helium nuclel, or alpha particles
as they ‘are called » from naturelly radicactive elements. As airesult of the
bombardment, the nitrogen nuclous was made to emit a high veloéi'by proton.
The reaction presented schematically and according to conventional symbols
ig as followe:-

FIG. 3

ESCAPING

FAST
. _ Pnoro%é/
s A Ry
B— ok — G5B
HELIUM 7 A
NUCLEUS NITROGEN NUGLEUS  NEW OXYGEN NUCLEUS

pHef+ N1 = o'+ pROTON ((H')+ENERGY

A nuclesr reaction between colliding nuclei generally becomes more
probable the higher the velocity of the bombarding particles. High veloci-
ties are requilred whenever it is necessary to overcome the repellent forces
which exist between charged projectiles and target nmuclei. Most projectiles
conslat of nuclel and therefore experience the repellent forces of the
similerly charged target nuclel. Neutrons, however, are elecitrically neutral
and are therefore very effective in entering nuclei. The heliwn nuclei used
in the above iransmutatlon are emitted from thelr naturel source with a speed
of a.bout 4 x 107 miles per hour. Even at this speed the yleld from the
reaction is low. Recent advances in high voltage and electronic equipment
and technigues have made it possible to accelerate helium nuclei to very mich
higher aspseds with resultant larger yields. The cyclotron and the Van de
Greaff generaitor are the most popular of the many ingenlous devices which
have been designed. By their use, other atomic projectiles with high
energies are obtained. gse projectiles include protons (1E ) from ordinsry
hydrogen and deuterons (1E<) from heavy hydrogen, in addition to alpha

T  DECLASSIFIE
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Mass and_Energy Relationships

The study of nuclear reactions is entirely parallel to the more familiar
gtudy of chemical reactions. One meets such fundamental concepts as the
equation of the reaction, and the process of balancing of the equation with
respect To quantities which are congerved . in the reaction, and the rates of
reactlion. -

Two different notations are common in expressing the equation Jc:f a
reaction. For example, the reaction between neubrons and boron (5'B 0
be written in the following two ways;-

M =

can

10 1 ' 47 g
e —— ]
5]3 + o 5L:L + 2__I_Ie + Energy
boron neutron lithium alpha particle

or P

10 el T
528 7 (n,eC 3Ll i

(Mis reaction is called an n,reaction)

In every nuclear reaction the total number of particles, protons plus
neutrons, ls conserved. The total electrical charge is also conserved. For
example, in the above reaction the balance 1s as followa:-

Left Side Right Side

Toi'.al number of neutrons and protons 10 + 1 T+ L4

Total charge ’ 5+ 0 34+ 2

As in the case of chemical reactione, the energy balance of a nuclear
reaction provides a measure of the ease with which the reactlon can be made
to go. The reaction 1s exothermic or endothermic, by anelogy with chemical
reactions, according to whether the energy of the reaction is positive or
negative. In consildering energy balances of muclesr reactions one meets a
very striking equivalence between mazs and energy which is not detected in
chemical reactions becanse of the relatively small energies involved in

chemical as compared with nuclear proceseses. Before describing this equiva-
lence the energy unit most comonly useed in nuclear physics will be defined.

The energy unit of nuclear physice is the electron-volt abbreviated
ev. The electron-volt is generally defined as the amount of energy which
e 8ingly charged particle for example a proton or electron, has acquired
after falling through a voltage difference of one volt. The unit heas

S 11
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acquired this Torm bscause of the convenience of expressling the energy of
artificially accelerated atomic projectiles in terms of the voltage used to
accelerate them. This unit of energy 1s now unlversally used in nuclear
physics even when artificiel acceleration is not_involved. In many problems
the unlt electron-volt ie inconvenlently small. For this reason the million-
electron~-volt unit, abbreviated as Mev, and equal to 10° ev, is very often
used. The compasrative size of the electron-volt and the more familiar units
of energy is presented in the following table:-

l1ev = 1.6x 1012 erg )
1Mev = 1l.6 x 10’6 erg n
"2 1,18 x 1077 foot-pounds

" = 3.83 x 10~Y7 kg-cal - A

" 445 x 10729 kilowatt-hours

Energy of thermal agitation of molecules 1s
approximately 1/40 ev.

Energy of alpha particles from naturally [!
radlioactive elements is about 5 Mev. e

Energy of fastest alpha particles accelerated
by cyclotron ls ebout 25 Mev.

Energy released in the fission of a-uranium
mecleus is 200 Mev.

The equivalence of mass and energy, referred to above, is a development
of the theory of relativity. It 1s expressed dy the relation:-

Energy = Maess x (velocity of 1ight)?

Where: Energy is expressed in ergs
Mags 1s expressed in grams
Velocity is expressed in cm/sec

Mags can be converted into energy and energy into mass. VWhen mass
diseppears in & nuclear reactlon 1t appears as energy of the reaction. The
equivalence between energy in electron-volts end mass in atomic unite is set
forth in the following relatlon:-

e T -—
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-~ One urilt of atomlc welght = 931 Mev
or
1 Mev = 0.00107 units of stomic weight

Energy equivalent of the mass of an electron = 0.51 Mev

As an example of the use of the mass-energy equivalence relation, it
will be applied to predict the encrgy releass of ‘the neutron-boron reaction.
The reaction is:-

5Bl0 + Onl( slow) = 51.17 + EHej_ + Energy

We {;a.ve :
Atomic Welghts  10.01605 + 1.00893 7.01804 + 4%,00389 ..
- Total 11.02498 11.02193

Difference 0.00505 units of atomic weight

0.00305

500107 2.85 Mev

Therefore, the predicted energy of reaction =

The predicted energy release of 2.85 Mev agrees with the experimantally
obgerved energles of the product nuclei. -

Methods éf Reaction

The projectiles of nuclear physics are neutrons, protons, deuterons and
alpha particles. These particles are also observed &s productes of nuclear
reactions. In addition the electron or beta pariicle 1s a very common
product of these processes. Because the electron is not one of the constit-
uent particles of nuclei, it is belleved to be created in the course of a
nuclear reaction by the conversion of a neutron to a proton plus an electron.
In contrest to the other pesrticles, electrons are not given off at the
instent of the iniltilel reaction but are emitted over a longer period of time
in so-called radioactive processes.

Atemic projectiles can react with the nucleil of the bombarded element in
a variety of ways. The most important methode of reaction, excluding the
fisslon reaction which will be described later, are the following:-

- 409 - ] 1||||||l!
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1) Impact without capture of the incident particle.

a) Flastic impact -

b) Inelestic impact -
2) Capture of the incident particle followed _by emission of = nuclear
particle (e.g. proton, alpha particle or neutron)

3) Simple capture of the incident particle without particle emission.

The chance that a collision between a proaectile and a nucleus will
result In any one of the types of reactione 1s expressed in terms of a
“"eross section” of the nucleus. The cross section is defined as the
effective target area which each nucleus presents to the oncoming projectile.

- If the projectile strikes this ares an interaction with the nucleus is

certain. The cross section can therefore be imagined as an cpagque area
asaociated with each individual nucleuvs. This concept 1s illustrated in
Fig. b. -

FIG. 4

®=CROSS SECTION,OR TARGET
e (@ @ @ O ﬁ%ﬁiﬁé’E:E“‘*’gﬁ'ﬁ'ﬁ"é'*‘?“
' Pe © ¢
| © .
2

e [ECLAGSIFIED

The fraction of the incident projectiles abeorbed by the target muclei
is equal to the fraction of the area which is opagque.

The principle features of the various methods of reaction wlll now be
described, using for purposes of l1llustratlon, reactions in which neuwtrone
are the projectiles. Reactions of neutrons with nmclel differ from reactions
with charged projectiles in that the electrically neutral neutron does not
experience the repellent force of the charged nucleus. Consequently the
neutron reaches and enters the nucleus with greater ease. However, this ease
of penetration does not have particular effect on the sequence or itypes of

smo- -




Impact without Capture

&)} Flastic impact

=

e

EXAMPLE !

g

INGIDENT NEUTRON /N

-

REBOUNDING NEUTRON \..:

In elastic impact the total kinetic

nacleus ie conserved.
between perfectly elastic spheres
& fraction of ite energy to the muc
nucleus the greater the fractional e
with ordinary hydrogen,
60% of ites energy per collision.
neutren loses on the average about 15%
of energy by 2 Mev neutrons, upon succe

In this re

for example,
In colll

/
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eventa wl;ich cccur after entrance into the nmucleus.

CARBON .G'2

enorgy of the nvutron and the struck
spect the collision is similar to that

Upon each collision, the neutron gives up
leus which i1t strikes. The lighter this

nergy loss per collision. In colliglons
the neutron loses on the average sbout

1s 1llustrated in the followihg table:-

sions with carbon nuclei, the
of its energy per collision. ‘The loes
seive collisions with carbon nuclei ’

No. of collisions 0 20 Lo 60 80 100 115
6 L o
En 2x1.0 o* | 4x10% | 2x10 6.6 0.26 | 0.02
ergy (ev) (o) ox1 (5o 51)

The enormous range of neutron velocities calls for descriptive terms.

Neutrons which have juet been emitted b
of Beveral Mev and are called
' inelastically and can produce n,p and n
been elowed into the range of a few units or tens of electron volts are

R 5/45

Yy nuclei have energies of the order
"fast neutrons". Fast neutrong can scatter
»% Troactions. Neutrons which have




- . HW-10475-SEC. B

= COPY NO..___6_.3_SER|ES C
-m TYPES OF NUCLEAR REACTIONS

called "slow meutrons®. Siow nentrons are characterized by the phenomenon

of resonance sbeorptlon, according to which neutrons in a narrow energy dand
are vory stroangly abasorbed by certain nuclei. Neuitrons which have been plowsd
down by successive impacts to energles aspproximsting the energy of ordinsry
thermal agitation, equal to about 0.025 ev, are called "thermal neutrona®.
Thermal neutrons are acattered elastically and are. fairly easily absorbed or
"captured®™ by most nuclel by way of the n,»> reaction. It can be sesn from
the foregoing table that, on the average, over 100 collisions with carbon
nuclel are required to make a thermal neutron from a 2 Mev fest neutron.

b) Inelastic impact - . : -

FiG.&
— GAMMA RAY
— _—~ -
SIBSTO
FAST ( )O
NEUTRON / \
238
92 ‘| 92 PROTONS
P } 146 NEUTRONS

#

R Gpal / |
= ICLISSRD

In an inelagtic impact the structure of the bombarded nucleus 1a
sufficiently disturbed so that the excited nucleus emits a radlation to
dlspose of the energy which 1t acquired In the collision. The radiatlon hag
the form of & ray having wave properties similar to those of x-rays. It is
called & "gamme ray". Gemme rays behave as if they were particles without
mass which have energles proportional to the frequency of the wave radiation.
Thelr energy is usually of the order of several Mev. The emiassion of garma
rays is a common way for an excited nucleus to dispose of its excess internal
onergy. The chance that a neutron will make an inelastic collislon with a
nucleus is hardly ever greater than the chance that it will malke an elaptic
collision.

RN - 12 - A
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with Emisgion of a Particle

NEUTRON

A PROTON IS EMITTED
(n,p REACTION)

NITROGEN

FIGg.7
ESGAZI.;V
PROTON
) e @ N
\ 8 ‘
\P

. CARBCN

on' + W% — " & u) (PROTON) + ENERGY

d

FAST NEUTRON

AN ALPHA PARTICLE
IS EMITTED

(11,02 REACTION)

The principal particles emitted
particies, beta particles or electrons, and neutrons.

neutrons are also Imown.

The eage wlth which a charged

of the charge of the target nucleus
The difficulty arises from the nature of the

micleus which seem to becoms groater as the nuclear

In fact, for the heaviest

effective in producing this

beccmies more diffieult.
coheslve forces of the
charge is increased.

able nsutrong are not
contrast to the behavior
elements, for example boron,

of the

detectors. _

R 5/45

-

very heavy nuclei, several
oject charged particles upon

neutrons having but thermal energlen.
neutron bombardment is the basis for the use of boron in thermal nesutron

ESOAPIN_G

ALPHA PARTICLE
sy
- \ }
A O~y

in nuclear reactions are protons, alpha
In addition, nuclear
The above reactiona

and alpha particles upon newtron bam-

~Reactions in which an incident newtron causes the ejection of two

particle 1s e,je;ted. depends upon the slze
With increasing charge the emission

elements the fastest availe
type of reaction. In

of the very light
irradiation with
This behavior of boron upon slow

- 113 -

| T e R ——




HW-10475-SEC. B
copy No._© 5 SERIES C

QP 7 7 TYPES COF NUCLEAR REACTIONS

Simg__;ie Capture without Emission of a Particle ﬂEELéSSiFIEH

FIG. &

'NEUTRON

/
. A GAMMA RAY 1S i
EMITTED {1, 7 REACTION) \% )

&

ALUMINUM © ALUMINUM

on' Al T——— a1 28+ camma RAY ()

_ Simple capture is the most common process resulting from neutron

. bomberdment. In this process the incident neutron ie absorbed and a ganma
ray is emitted. Capture of the neutron results in the formation of an
isotope of the target element. Whether thie product nucleus iz stable can
be predicted by examination of the list of stable isotopes of the target
element . Aluminum, which is the target in the above reaction, does not have
a stable isotope of mass number 28. The product nucleus, 15A12 ; 1s unstable
and gives off energy until gtability is attained. In thls case the energy is
carried off by bets particles and gemma rays. This 1s an instance of arti-
ficially induced radicactivity. The unstable nucleus will tend to acquire
atabillty by & process kmown as “radloactive decay™.

The “chance for simple capture ls in general very much greater for slow
. newtrong then for fast neutrons. This greater chance results from the longer
time which & elowly moving neutron spends in the vicinity of the esbsorbing
pucleus. Because slow neutrons are guite readily captured, they have been
Pound to be the most effective projectiles for use in the guantity production
of artificially radioactive materials. '

S

Absorption of Neutrons

Slow neulrons are generally abscrbed more readily than fapt neutrons.
Stated in other words, the neutron absorption croes section is generally
greater for slow neutrons than for fast neutrons. In many elements, notably
boron, the dependence of cross gection on neutron veloclty is very regular.
As the velocity is decreased the nuclear cross section increases in a unlform

menner, seemingly without bounds as the velocity is decreased further and
Purther. For these elements the cross section of the nucleue varies

g - 11k - F
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inversely as the velocity of the oncoming neutron. Many elements like
indium, cadmium and uranium do not exhibit uiformly increasing cross
msctions as the neutron velocity is decreased. For these elemente the
absorption is particularly strong at certein energy levele which ars charsc-
teristic of the element. This strong capture of neutrons of certain energiean
is known as "resonsnce capture". The dependence of cross pection on neutron
velocity for the two types of absorption is illustrated in Fig. 9.

FIG. ®

VARIATION OF CROSS SEGTION
WITH NEUTRON ENERGY

s~y RESONANGE PEAK

DT DERLASSIFED

-6 -

CAPTURE_GROSS
SECTION

(ARBITRARY UNITS)|

.4 4 ;
\ 0SS SECTIO —_
\ OROSS SEGTION VARIES AS rorsr
VELOCITY
2 AS IN CASE OF BORON

~
AS IN GASE OF INDIUM

| 2 3
NEUTRON ENERGY (i)

o

T
4

Resonance capture by indium occurs at 1.44 ev, for wrenium in the region
of 25 ev. Cadmium owes 1ts usefulness in nuclesr physice to the fact thet
its resonance capture region correspords to the energy of thermal neutrons
and cadmium can, therefore, be used to remove these neutrons from & bear:
which contsaine both fast and thermal nevtrons. A complete table of neutron
abgorption cross sectiora will be found at the end of this chapter.

-us- ]
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RADIOACTIVITY

Ungtable Niclei o , —

Nuclel are composed entirely of neutrons and protons. In estable nuclel
the ratio of.the number of neutrone to the number of protons falls in a
fairly well defined but rather narrow range of values. If Tor some reason
the ratio falle outslde of this range the nucleus_is unstable. Nuclear
reactions involve changing the composition of mucleil. Very frequently the
product micleus is unstable. An unstable nucleus is sald to be “radloactive".
It will tend to adjust its neutron-proton ratio with energy emlgaion to
acquire stabllity by a process called "radiocactive decay". The time consumed
in the adjustment process may vary from fractions of seconds to millions of

. yeara. = -

An unstable nucleus adjusts ite neutron to proton ratio by changing a
neutron to a proton or a proton to a neutron, according to which change
results in o more satisfactory neutron-préton ratio. A neutron is electri-
cally neutral; this results from the fact that it contains egual quantities
of positive and negative charge. A neutron converts itself into a proton by
ejecting its negetive charge in the form of an electron, also called a beta
particle. Because of the extremely small mass of the electron a significant
change in mass does not result. A proton converts itgelf into a neutron by
ejecting ite positive charge, as a particle having the same mase as the
electron but a positive charge. This particle 1s called a "positron". The.
vast majority of known radicactive atoms are electron, instead of positron,
emitters. .The emission of electrons or positrons from redloactive substances
ig usually accompanied by emission of gemma rays.

~ DECLASSIFIED

In the process of acquiring stability most radilocactive materials emit
either electrons or positrons. However, many of the naturally radiocactive,
and some of the artificilally radiocsctive, elements emit alphe particles.

Some mclel ere capable of emitting either electrons or alpha particles.
The rate at which these particles are emitted is knowm as the "activity" of
the material; when the rate is high, the activity is said to be high and vice
verse. HEach rediocactive species has a characterlstic rate at which ite
activity decresses. The rate of decay is usually expressed in terms of the
time required for the activity to halve iteelf. This time is called the
"half-life" of the species. Half-lives of artificially radloactive species
renge from seconds to years. The half-life can be readlly computed from a
lot of the activity versue decay time;__the resultent curve is called e
"decay curve". The decay curve of thnll , which has a half-life of 54
minutes, is shown In Fig. 10.

Tn this figure a logarithmic scale is used along the ordinate. The use
of such & scale mekes the curve become a straight line; this usually assiste
in the analysis of the decay. The rate of decay, or activity, of a radlo-
active substance can be expressed by the relation:-

* -6 - -_—
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- 0.69 %
initial activity X @ half-life
vage of natural logerithms = 2.718

The activity of a redicactive material 1is e}_;preesed_in terms of the

number of dipintegrations
number of disintegrations

anld to have one Tourie” of acbivity.

in & MN®» LD

— e — ——,

CACTIVITY
(ARBITRARY UNITS)

)

’
=

INITIAL AGTIVITY

TALF LIFE 54 MINUTES |

of ite atoms whlch occdr. epch fecond. When the
per second 1is equal to 3.7 * 1010 the semple is

 FI1G. 10

DEGAY CURVE OF A
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Growth of Activity

A0 €0
- - TIME

{ MINUTES)

When & gemple is peing activated by jrradiation, the activivy Increases
in the seme manney 28 cuxrrent increases in & clrouil whlch contains an
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inductance; or as the voltage increases acroseg a condenser upon application
of voltage. A growth curve 1s illustreted in Fig. 11l. Thia figure also
shows the decay of activity after the irradiation 1s stopped.

FiGg. I

''''' e e — — — — — —ACGTIVITY WHICH WOULD RESULT
- FROM INFINITELY LONG IRRADIAT!ON
OR "' SATURATED ACTIVITY

e ECLASSIED

END OF
RRADIATION ™ -.
2 4

6-
ACTIVITY
4=

.2 -

o
R
S

TIME

The level to which the aclivity rises with eoxtended irradlation depends
upon the cross section and the half-life of the element, apsuming that equal
numbers of atoms are present. The growth curve can be represented by the
relation:-- : : -

0.69 t
‘Activity = saturated activity x (1 - e bali-life)
vhere e = Dbase of natural logaritims = 2.718
: t = 1rrediation time

The saturated activity is the actlvity which the ma‘teria.l would acquire
after infinite time of irradiation. 'This activity is proportional to the
cross section of the nmclel irradiated, as well as to the number of projec-
tiles which strike the target material per unit time. FPractlcally, saturated
activity cen be reached in a finite tims equivelent to about four half-lives.
Irradistionl beyond this time does not result in a sensibly increased activity.
The determination of the saturated actlvity, therefors, provides a convenlent
way of determining the number of pro.jectiles a‘briking a glven area per unit
time.
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In most cages more than one element is present in the irradiated
substance. In these cases irradiation results in a complex growth and decay
curve. In many cases the radiocactive nucleus does not acquire atability with
the emisaion of a aingle electron. This situation gives rise to a go-called

"radicactive smeries" in which a succession of radioactive nuclei is formed,
each with lts characteriestic half-life.

ez e JECLASSIFIED

Liquid Drop Model

mately equil parts ls called a fission reaction. The most important fission
is that of the uranium nucleus. In this reaction the urenium captures e
neutron and .immedistely splits into two new nuclei. These new nuclei belong
to elements in the middle of the atomic series. The lmportance and great
value of thie reaction results from two of its features. First, each fission
is accompanied by the largest energy release yet obtained from a nuclear
reaction. 'Second, the Tission reaction releases neutrons in amounts suffi-
clent to make the fission reaction self-susteining when the conditions are
properly controlled. The reactants and products of figsion can be presented
in the form:-

(two new nuclei
Uranium nucleus + gingle neutron — —— s (geveral free neutrons
(large amount of energy

In the flegsion process the urenium nucleus behaves like a liquid drop
of matbter. The atitractive nucleer forces act in the same mapnmer asg surface
tenalon of a drop of water. In opposition to the surface tension sre the
repellent forces of the 92 similerly charged protons of the nucleus. As one
proceeds upward in the atomic scale, the balaence between these two opposed
forces in favor of stability of the nucleus becomez emeller sg the mass
number of the nucleus, and consequently the volume of the nuclear drop, is
increased. = The shape of the drop is normally spherical because this is the
most stabls shape. Entrance of a neutron sets the drop into vibration. The
gequence of events which follow are illustrated in Fig. 12. It 1s seen that
the ogcillations maey distort the droplet into an unetable dumbell shape with
the end mampes approximetely equal. TFracture occurs with the formation of
two new nuclei and the emission of neutrons.

-9 - a—
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FIG.12

FISSION OF URANIUM
- NEUTRON

URANIUM NUCLEUS IN !}/ D VARIATIONS IN OSGILLATIONS
CRPTURES & vaCAL SHARE “ OF MASS. ELE %‘%2‘.‘4;{"%2}433;‘3:

= ) i

CAPTURES A NEUTRON. = ~ AGYS Y0 PUSH ENDS FARTHER

5 APART.
TOT%EE':anggugul:APrgg&s (( Y’ FRACTURE OCCURS RESULTING
AS MOTION OF THE ENTIRS A // IN TWO FISSION FRAGMENTS.
. _DROPLET. L o’ .

(T~ VIOLENT OSCILLATIONS  ; THE FRAGMENTS ATTEMPT TO
(( /; 7) MAY DRAW THE DROPLET ACQUIRE STABILITY BY EMISSION
._/JJ f -

INTO A DUMBELL SHAPE, OF NEUTRONS.

¥lssion Fragments

. Althbugh the fisslon fragments have very roughly the same masses, their
welghte actually fall into either of two rather distinct mass renges. The
two mass ranges are presented in the following Fig. 13.

FIG.13

- DECLASSIFIED

@ RANGE IN ATOMIC WEIGHT 83 TO 96, INGLUSIVE
Y .o NUMBER 35 TO 45, "

RANGE [N ATOMIC WEIGHT 127 TO 141 INGLUSIVE
oo " NUMBER 51 TO 60 "

" LIGHT " GROUP INGLUDES BROMINE, KRYPTON, RUBIDIUM , »wwwevss TO RHODIUM, INCLUSIVE
| " HEAVY" GROUP INGLUDES ANTIMONY, TELLURIUM, |ODINE -

= TO NEODYMIUM, INGLUSIVE
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At the instent of fracture the highly exclted nuclear fragments have
sufficient energy to eject neutrons. Consider the typlcal reaction:-

92'[32:'55 + Onl( SlOW) = 92'[]"256 = 56K1,9h' . + 563alh'2 = seranerse
highly excited_ highly excited

On the average, between two and three fast neutrons are emitted by the
exclted nuclei immediately on fission. The emisalon of theso several
noutrong for the single neutron captured makes self-sustained fission
poeaible. We have then:- '

g%+ 563a1’4'1 + 3ml + Tnergy
- .- Unstable Unetable

gl 4 malh? o

Ag indicated in the equation, the products are unstable. This results
from the uneetisfactory neutron to proton ratioc of thess muclei. The
ungtable krypton end bariuvm nuclel will decey radiocactively with beta ray
emission, resulting In conversion of neutrons to protons, in a so-called
"figsion chein". The decay wlll contlnue from element to element until a
stable lsotope of the same mass number as the original unstable nucleus is
reached. ¥or example, the above unstable nuclei will decay with beta and
gemmas, emigelon in the following possgible fission chaing-

e

/ / / Zr92 (stable)

361(1'92 - R'b EARPRP——— S;r_'

V: Vi Y- -

5 6]35:11*1 _._/_/_____.La. 4—- Ce / 59— prlll (stable)

wemmee  DECLASSIFIED

The tremendous energy released in the fission process may make the
reaction important as g practical source of atomic energy. The energy which
is released arises from the excess mass of the original wranium nucleus and
neutron over that of the final stable products, in accordance with the masg-
energy equivalence. An estimete of the megnitude of the energy released per

a- . —
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z figsion can be obtained by considering the reaction already referred to:-

255 N (fission and neutron o2 "
\ L6 + Ot ———— emigeion followed Dby ey ZpPE & P 14 3 Ill
92 0 decay to stable products) ko 59P 0

To compute the emount of mess which is converted to energy, the differ-
ence in the sums of the atomlc weights la obtained.

Atomlce ‘f{eight of Original Paxrticles Atomic Welght of Final Particles

o2V 25 2351240 hong 91.9420

-~ nt 1. ; 1kl 40.
On 0089 59'.?1' 140.9%590
(3) 3.0267
. 2356 ,1529 235.9277

Mass difference = ©0.205 units B
0.205

Energy released per flssion = 500107 = 190 Mev

DECLASSIFIED

The estimated energy release is close 1o the accepted aversge release
. of 200 Mev per fission. Most of the energy appeers a8 energy of motlion of
the lerge Tission fragments. This energy is dissipated by heating of the
stopping materials. The remainder of the energy appears es energy of the
gemme. yays, bete particles and neutrons which accompany the process. The
distribution of the energy among the verious particles is as follows:-

(0.00107 mass wnit = 1 Mev)

Kinetic energy of fission fragments 159 Mev
Gamme redistion from Tission products 25 Mev
Beta radiation from fission products 11 Mev
Kinetic energy of neutrons 7 Mev

‘ - Total - 200 Mev
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An Interesting snd importent festure in the decay of the fiseilon
products is that, in the case of several of these products, the decay pro-
ceeda wlth emission of neutrons. IRromine and iodine have beon ildentified as
the source of two of the neutron activities. At leasst two other activities
are present but their sources have not been identified. Neutron emission
arises in those cases In vwhich the excess energy of a mucleus is so great
that the excess cannot be dlssipated quickly enough by beta or gauma emlssion
alone. The neutrons which are emitted in this fashion are called "delayed
neutrons”. The growth and decay of delayed neutron activity ls very similar
to thet of beta activity.

DETECTION CF NUCLEAR RADIATIONS

Tonizaetion and Perticle Range

The detection of nuclear particles is usuelly accomplished by detection
of the ionization which they produce. Tonization is the procese by which
moving, charged particles dislodge electrons from the stoms of the material
through which they pass. Removal of the electron from a neutral atom leaves
a relatively mamssive positive Ion. The detection of these ions and free
eloctrons by elecirical means constitutes the detection of the particle. The
alpha particle and proton ionize very strongly, the electron and positron
weakly. The elsctrically neutral neutron end the gemma ray produce little
jonization. Their detection depends principelly on the measurement of
ionizetion produced by secondery effects, caused by reactions of the radis-

re.ie [IECTASSIFIED
B o

~ _~ ~_ PARTICLE
/. NEDTRAL: \ /- N
= . _A'rgm’. . . ° i )
B ——— l. .‘ ., .' REE’
\‘, \*.o-- ELECTRON ()
IONIZING . - 4
CHARGED ~_ N~ -
PARTICLE g\ ecTRONS

POSITIVE 10N (+)

The alpha paritlcle and proton have well defined paths in matier and
yossess a definite range, or length of travel through the matter, which is

. 183 -
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proportional to their initisl energies. These particles lose their enexYgy
entirely by ionization.

¥lectrone aleoc lose their energy by ionization, but at a slower rate
then protons or alpha particles of the seme energy. Their renges are conse-
quently very much longer. Because of the light weight of electrons, they are
easily deflected by nuclei with the result that their range is not as
definite as for the heavier particles.

Heutrons do not ionize directly. They produce ionization by trans-
ferring their energy %o the nuclei which they strike. These moving, charged
nuclel produce the lonizatlon which 1s detected. PBecause of their neutral
charge, neutrons lose thelr energy at a low rate and are therefore extremsly
renetrating as compared with charged perticles.

Gemma rays lose energy by collision with free electrons, by ejecting
electrons out of atoms and by an unusual process whereby the energy of the
ray is converted into two perticles, en electron and a positron. This latter
process is called "pailr formetion".

i ~ DECLASSIFIED

The simpleat detector of ionization by the nuclear radistlons i the
Lauritsen electroscope. In principle 1t is the same as the gold-leaf electro-
scope in which the presence of cherge on the leaves is indicated by their
separation. Deflection of the leaves indicates the presence of ionization;
The rate of deflection 1is a measure of the intensity of the ilonizing radies-
tlon. The Lauritsen electroscope has been made very sensitive by the
substitution of a very fine, metallized, gquertz fiber for the heavy leaf.

For the detection of a very swall number of particles or for more
precise measurement of beta or gamme ray intensities, the Geilger-Mueller tube
counter 1s used. The tube counter ies used in conjunction with an electronic
amplifier and recording counting unit. Cumulative ionization in the counting
tube resulte in sharp current pulses upon passage of single particles through
the tube gas. These pulses are amplified and reccrded by the accessory
egquipment.

Neutrons, having no charge, produce no direct effects in electrical
counting instruments. They are detected by their secondary effects. A
common method is to cause them to eject alpha particles from boron. The
lonization by the resultant alpha particle is relatively easy to detect and
measure. Another lmportant method for the detection of neutrons involves the
measurement of the activity induced in'a sultable detecting foll by the
neutrons being measured. The electron emission of the aciivated foil is
meagured by means of a Gelger-Mueller tube counter or the Lauritsen electro-
BCOpE .

The detection of gamma rays depends upon recording the lonization
Produced by the secondary electrons which the gamme reys eject from the walls
of the detecting chember. Because the lonizing perticles are electrons, the
seme detection instruments, for example, the Lauritsen electroscope or the

Sak - -
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Gelger tube counter can be used as in the came of beta particles. If the
walls of the detecting chamber are made fairly thick and of a heavy element,
the probability of ejection of secondary electirons from the walls is greater
and, therefore, the efficiency of detection is lmproved.

Deteotion equipment and techniqﬁes é.re desc:}i'bed in greater dotail in
the ingtrument section of the manual (Section IV).

The physiologlcal effects of radimtlon arise from their lonizing
ability. Because of thelr greater penetrating power, fast neutrons and gemma
reye present the greatest hazard to the body tissue of the worker. However,
the offect on surface tissue of the less penetrating beta particles must not
be minimized. The potential haZards and methods of protecting against them
are described in Chepter XII. N '

~ DECLASSIFIED
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SLOW NEUTRON CROSS SECTTONS

Element

H
D
He
Li
Be

Ne
Na

Al
Si

Atomic
Weight

1.0080
2
k.003
6.94%0
9.02

10.82
12.01L
1%.008
16.000
19.000

20.183
22,997
ok 30
26 .97
28.06

30.98
32,06
35.457
39,94
39.096

ho.08
k5.10
h7.90
50.95
52.01

54.93
55.85
58 .9k
58.69
63.57

65.38
69.72
72.60
T™.01
78.96

T79.916
83.7
85.48
87.63
88.92
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Absorption

Section (k%)

cm? x 10724

0.325
0.0009
0

90
0.01

700
0.0045
1.7
0.0016
0.065
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Notes

Atomic
Elenment Wbiggt
2r 91.22
Cb 92.91
Mo 95.95
Ma -
Ru 101.7
Fh 102.91
Pd 106.7
Ag 107.880
cd 1l2.bk1
In 114,76
Sn 118.70
Sh 121.76
Te 127.61
I 126.92
Xeo 151.3
Ce 152.91
Ba 137.36
Ta 138.92°
Ce 140.13
Pr 1%0.92
T N4 ikl 27
(1) (146)
Sm 150.4%
pi] 152.,0
Gd 156.9
Tb 159.2
Dy i62.46
Ho 164 .94
Er 167.2
.. Tm 169.4
Yb 173 .0k
Iun 174,99
jing 178.6
Tg, 180.88
W 183.92
Re 186 .31
08 160.2
Ir 193.1
Pt 195.23
Au 197.2
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TABLE I
(Con't. 2)
Absorption
Cross Sectioné (xt)
cm? x 10724

< 0.45
- 2.0
- 3.1

- -

-~ 260
7~ 130

L~ 65

165
~ 130
T~ 20
-~ 26

- 130
oo 20
. 10.8
- 110

& - Abbreviation for less then
~u - Abbreviation for approximately

- 127 -
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(Con't.})
uz Absorption
Atomic Atomic _ Cross Sectioné (xt)
_ Kumbex' Element Weight . omf x 0724

80 ) Hg 200.61 ] Los
- 81 T1 204 .32 .9

82 Pb 207.21 0.17
-85 Bi _ 209.00 0.02
84 Po (210) --

85 -- (221) -
.86 Rn - 222 i -
. 87 -- - (224) --
’ 88 Rab V 226 005 _7 i -

89 Ac (227) -
- 90 _ Th 232,12 = 9

91 Pa, 231 ; -

92 U 238.07 7.8
. (4.6 fission)
(3.2 capture)

JECLISSIFED
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Pair formetion, 12k
Positron, 116
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HANFORD ENGINEER WORKS TECHNICAL MANUAL
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|

SECTION B - PILE o

CHAPTER II - PHYSICAL PRINCIPLES OF THE PROCESS

The aim of the Hanford process s the production of 49 in quentity, in
a minimm of time. This product is synthesized from urenium by controlled

nuclear r‘e__?zctions. . The principles involved in the rmclear synthesls are
descrlbed in this chapter.

v

. DEUSSFED
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DESCRIPTION OF ‘PHE REACTTIONS

Fundamental Nuclesr Reactlions . — =

Product ia formed from ursnium by ouclear reactions involving the two
principal isotopes of this metal., These lsotopes and their relestive sbund-
abundance are:-

gisotoge Abundance Relatlve Abundance
. 1238
9o¥ 99.28% .1

oo am o DECLISSFRD

The isotope 92U2314' vwhich 1s present %o the extent of 0.006% in natural
vranium is not importent in the Hanford process.
The fundamental reactions of the proceas involve cepture of neutrons by
92U238 end 9oU2353. ‘However, the miclear reactions which are initiated by
neutron capture by these isotopes are entirely different. This difference in
behavior of ggU258 and 9pU235 upon neutron capture is the basis of the
+Hanford process.

Capture of a neutron by 92U238 leads to the formation of product. The o
initial reaction is one of simple capture in which an unstable isotope of
urenium is formed and a gamma ray is emitted. The reaction can be written:-

-

) 9211258 + Onl = -;-EU239__+ garma, ray
S - (unstable)

The uﬁstable 92U259 decays radicactively with beta particle emlspslion,
thereby forming an element with an etomic number one greater. The decay,
which proceeds with a half-life of 23 mimites, can be written:-

29
Q2
(wnstadble)

— Np259 + beta particle

half-life = 23 min. (ggatablé)

The product of the decey is an unstable igotope of neptunium (chemical
syubol Fp). Neptunium, like Blutonium, is a recently discovered itransuranic
element. The decay of 93Np25 results in the formation of product, 49.
This decay, which proceeds with a half-life of 2.3 days, 1s described by the

reaction:-
- 203 - o E
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931\19259 o 1‘_P11239 + beta particle + gamma rays
- half-life = 2,3 deys

The nucleay procesges which are initiated by the capture of neutrons by
28 and result in the formation of rlutonium are surmerized schematically
in Plg. 1,

R DECLASSIFIED
CONVERSION OF URANIUM

TO PLUTONIUM

l 25 wmin. half-1life

g N13259 g —

12.5 dey half-1ife

Froduoy | gPa®?

Capture of a neutron by goUZ35 reauwlts in the Tission of this nucleus.
The value of this fission reaction to the over-all process lies in the fact
that 1t provides a source of neutrons for the synthesis reaction Just
described., In the fission veaction a single initiating neutron ceuses the
release of several neutrons. The reaction, therefore, acts as a neutron
multiplier or source. Other products of the fission of 2U235 are two newly
formed nuclel, known ss fission fragments, and & tremenddus amount of energy .
The fission reasction, which is described in greater detail in Chapter I, can
be presented as follows:-

- 204 - -
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- Fission of U020

9211235-4- Onl‘ ——— A + B + 2.2 (average) fast neutrons + energy

A = fission fragment in atomic mass range 83-99, inclusive,
. : a.nd. a.tomic number range 55-1}5 s inclusive.

4 ‘
B = fission fra.gmen‘b in a.tomic mass range 127-1%1, inclusive,
e . a.nd atomic num'ber ra.nge 51- 60, inclusive.

Energ release per fission =200 Mev

.= Average energy of liberated neutrone = 2 Mev

s e ﬂEﬂLéSSIHEﬂ

e

The princi;pal by-products of the above synthesis arise from the fission
process. — The by-products of this reaction are the extremely radloactive
fission fragments and a very large smount of energy per fission. The
presence of the active fission products creates problems in hendling and
shielding against thely radiations besides complicating the chemical esepara-
tion of product. Some of the active flmsion products also glve rise to
delayed neutrons, the presence of which tends to complicate the control of
the reaction rate in the operasting unlts.

The tremendous energy release, which 1 the other by-product of the
fisasion reaction, creates great problems in heat dlssipation and consequently
dictates to a considerable extent the design of the reacting units. When a
single Hanford unit is producing product et ite rated capacity; heat equiva-
lent to tha:b obtainable from the burning of 900 tons of high quality coal 1s
released in a esingle day's operation. The energy released daily by each pile
is greater than the dally power output of a large power plant. Unfortunately
this liberated energy must be completely waes-.ed in the Hanford operation.

Dependencg of Reactions on Neuntron Energies

In

The reactione of 92U238 and 9QU235 are initiated most effectively by
neutrons of certain definite ‘energles. In other words, the crose sections
of these nuclei are greater for neutrons having theso energies In fact,
the cross_section of osU238 for capture of nea rons is greater for neutrons
of two different energies. One is in the ne gh orhood of 25 ev where
- resonance. capbure occurs; the other lis at the thermal lovel, about .025 ev,
where capture also ocours. The capture by 92U23 of neutrons of other

— . Py
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enexgien ie__;;very mich less probable. Likewlse, the fission of 92U935 is
precipitated most effectively by neutrons of preferred energy. The cross
gection of ooU235 for fission is amall except for the very slowest neutrons
(thermel neutrons). The chance that a fission of 9gU2353 will be initlated
by a noutron of other than thermal energles is relatively small., The
neutrons required for these reactions with 920238 and 9gU235 are themselves
emitted as fast neutrons during the fission of 920235. Therefore, to be
effective in producing capture and flsslon reactlons in other nuclel, these
fast neutrons mist be slowed down from their initlal energy of about 2 Mev
to resonancé and thermel energles.

Another instance of the chence of a reaction being dependent upon the
neutron energy ls provided by the fission of 92’0‘258. This filssion, which is
of smecondary lmportance to the general process, is Initilated o by neutrons
having energies greater than 1 Mev. The "fast fisslon" of g2U230 makes only
a small contribution, about 5%, to the neutron supply. The remeinder of the
neutrons are provided by the thermal fission of 92U2 5. The contribution is
mmall because the fast neutrons are quickly reduced to energies less then
1 Mev, by inelasiic collisions with the uranium nuclel near thelr point of
origin. o

Slowing Doun of Neutrons

Tapt neubtrone are slowved down in velocliy by sending them into a medivm
which has a low stomic welght and s low neutron capture cross section. In
this medium the neutrone loge thelr energy by elastic collislons with the
niclei. The lower the atomic weight of this moderating medlum the larger
will ke the fractional loss of energy by the neutrons per collislon, with the
result that a smaller number of collisions will reduce the neutrone to the
required low veloclty. Helium ges or simple compounds of heavy hydrogen
would make excellent moderators except for the difficulty attendant to thelr
hendling and procurement. The best substance to use from the standpoint of
immediate availability in large quantities, good mechanicel strength and
workability is carbon in the form of graphite. For this reason grephite has
been selected as the moderating medium for the Hanford unitse.

Tnter-relation of the Reactions

The fundaméental miclear processes and the assoclated slowing down
procedure have been described. By way of summary, the inter-relatlon of the
two fundamentel reactions and the relation of the neuwtron slowing down process
and by-product formation sre illustrated schematically in Fig. 2.

DECLASSIFIED
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FlG. 2
[ )
Fagt
Neutrons B
Fiapion
_ {Froducts y
Slowing
Medium - )
\
Slow
-~ Neutrons| 92U238
5 _
92'[} 59 e 7
lef» min., half-life
g3f?P| ———— -
l2.3 day half-life
91}1’11259 Product
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CHATN REACTION

Requirements of a Chain Reaction

Transmmtetion of uranium into plutonivm on a large scale requires a
continuous supply of a large Immbgr of free neutrons. These neutrons are
obtained from the fission of 92U2 2. As hes already been explained, the
reaction acts as & mltiplier of neutrons, mince it releases several fogt
neutrons for the single thexrmel neutron captured per fissigg. These fapgt
neutrons mst be moderated in velocity for capture by 92112 to form product,
or 'bg 920235 o cause its fission. When the conditions axre so adjusted that
92U2 8 absorbs & fraction of the moderated neutrons and still leeves at least
one of the new fission neutrons to continue the fimsion of more U235, and
thus complete the cycle, a "chain reaction" is said to exist. wgen more than
one neutron beccimes available to continue the fission in each neutron cycle
or generetion, the reaction will not only maintein iteelf but will accelerate
at a rate which depends on how meny neutrons in excess of one are avallable
to continue the chain.

ST DECLASSIFIED

The chain reaction is carried out In a structure celled a "pile" which
congiste essentially of uranium metal interepersed in graphite which acte as
the moderating mediuwm. This pile has been carefully designed to minimize
losees of neutrons and at the same tims %o permit thermal neutrons, slowed
down by the graphite, to re-enter the uranium snd initlate further fission
of ¢pU235, Tosses in the slowing down interval cen occur in the following

Principal ways:-

i) A nfleutron can diffuse out of the pile while either fast or slow and
thereby becoms lost to the fission process. The neutrons in a pile
behave as a gas and obey the seme laws of diffusilon.

2) A neutron cen be ceptured by the nuclel of the materials of the pille,
other than the uranium. The materisls of the nentron moderating and
heat removael systems ere principally responsible for this parasitic
cepture,

3) A neutron can be captured by 920238 while at resonance or thermal
energies. This capture, although it leads to rroduct formation,
restilie In loss of neutrons to the flssion process.

When more than one neutron per fisslon becomes availeble to continue
further fission the number of neutrong in a pile increases exponentially,
that is, it increases by a definite factor for each wnit time interval.
Thils ability of a pile to increase the number of free newbrons within it by
mltiplication, generation by generation, is called its "renctivity”. To
obtain meximum remctivity, that is the largest mltiplying ability, from a
pile the losses during the slowing down process must be minimizad.

The escape of neutrons to the outside of a Pile can be reduced by
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increasing the size of the pille. 'I‘he ca.pture of neutrons by the moderating
and cooling substances can be kept at & minimum by selection of purs
meterials having low neutron cepture cross gections.

The 103_5 of neutrons to 9211238 occcurs for neutrons of resonance and
thermal energles. Because of the intimate mixture of 9oU258 and goUR35 in
the metel, and the fact that gpU235 requires thermal neutrons to continue
fimssion, the capture of thermal neutrons by 92U238 cannct be modified without
affecting the absorption by goU235. Capture of resonsnce neutrons by 9213238
can, however, be controlled without affecting the fission absorption. ~If
metal is Tinely interapersed throughout the graphite, the losses to resonance
capiure by 92U23 will be large because of the greater chance for a neutron
of this energy to strike the uranium surface. The chance is greater due to
the large amount of exposed surface, However, the emount of the surface, and
therefore of the resonance capture, can be reduced to a satlafactory level by
charging the metal into the pile as rods arranged to form a lettice. The
spacing between the metal rods 1a so chosen that a fast neutron, just ejected
from the metel rod as a result of fission, can travel far enough into the
graphite so that ita chance of striking a uranium rod vwhile at resonance
energies, and therefore of being captured, is less than its chance of being
slowed down thrcmgh the resonance region without capture. Thus, the lattice
arrangement » in effect, shlelds the neutrons from resonence capture by 92U233

In the design of the lattice, the spacing of the metal in the graphite
and the relative smounts of metal and greaphlte are critical. This is becausme
metal to motal spacing which ie toc short leads to larger loss of neutrons of
resonznce energilee, while excessively long spacing allows greater chance of
capture of ‘hhe neatrons by the gra.phi‘be before 1t reaches a uranium surface.

ﬁ

The existence of & chain—reacting condition in a pile thus depends upon
e rether delicate balance between neutron gain and loss. . Therefore, very
detalled quantita,tive conglderation of all the methods of neutron loes is
necessary in designing a pile. The neutron balance in & pile in which a
chaln-reacting condition Just exists is shown in Fig. 3. Any 100 neutrons
of a single generation experience, on the average, the history indicated.

To cbtain e multiplication of the number of neutrons the distribution mmet
be modified towa.rd smaller losses.

i  DECLASSIFED

The neutron mltiplying abllity or reactivity of a chain-reacting pille
is expressed _in torms of its multiplication factor. The mulbiplication
factor, usually designated the letter k, is the ratic of the number of
thermal neutrons producing fission of 9;:_U 5 2 in one generation to the number
of thermal neutrons producing\fiasion in the preceding goneration. If the
maltiplication factor is greater than one, the reaction accelerates beceuse
more neutrons are available for\ fiseion in each succesding generation. If
the miltlplication factor is lefs than one, the number of available neutrons
1z less In each succeeding generation and the reaction dies out. The amount
by which the factor exceeds one Ig called the excess mmltiplication factor,
or excess k, end is usually expressed in terms of per cent of the mmltipli-
cation factor. For example, & mmltiplication factor of 1.0l corresponds to
an excese k of 1%.
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LIFE CYGLE OF A SINGLE GENERATION OF NEUTRONS

100 fast neutrons
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To apsure contimuance of & chain-reacting condition and slso to permit
control of the rate of reaction, every operating pile muat be designed to
have & practical amount of excess multiplication factor under operating
conditions. This may be from .25% to 1.5%. When a viie contains excesa
mltiplication factor, the rate of reaction increases by a definite factor
in each generstion. The rate of reaction increasocs exponentially with tims.
To control the growth or decay of achivity a pile is equipped with "control
rods". Control rods are made of materials such as boron or cadmium which
have large neutron capture cross sections. They are movable so that thelr
position in the pile can be adjusted to absorb Just the desired amount of the
oxcess mltiplication factor. They can alsgo be designed large enough to be
able to stop the reactlon completely, by reducing the m:lbiplication factor
below unity when completely inserted :

memmeiemseme 00 OO

General De,ﬁcr iption — S L |

The Hanford piles consist of structures made up of graphite blocks
arrenged in the form of rectangular prisms approximately 36 feet wide and
high and 28 feet long. The graphite prisms are pilerced with holes in the
form of cylindrical chennels, arranged in a squere pattern 8 3/8 inches on
a side. BEach channel 1s lined with an aluminum tube in which the cylindrical
shaped pleces of uranium metal are pleced. Coolling water is forced at high
velocity through an ennular space between the metal, pieces and the tube. To
avold chemical action between the water and the uranium the metel is Jacketed
with aluminum. The component parts of the active metal-bearing portion of a
Plle are schematically illustrated in Fig. &, A graphite shell about 2 feet
thick surrounds the metal-bearing inner volume. This shell of dead graphite
acte as a "reflector” to return escaping neutrons to the active, inner volume

.. of the plle. o e m - T

ER == == [P

The graphite primm is surrounded on all sides by shielding to absorb the
intense gamma and neutron radietions which are emitted during cperation. The
reaction rate of the pille is controlled by means of control rods which extend
into the regions of high neutron density.
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COMPONENTS OF ACTIVE PART OF PILE

CONTROL RODS {38

T £ CONTAINING
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ALUMINUM

Effect of Operation on Multiplication Factor

WATER

TUBE

ALUMINUM
JACKET

_DETAIL OF TUBE

e

[

" DECLISSIFED

APPROXIMATE WEIGHT OF METAL IN PILE=

200 TONS

. APPROXIMATE WEIGHT OF GRAPHITE N PILE=

. 1600 TONS

The effect of different varié.bieéron the reagfi*;ity of a pile is

expressed in terms of their effect on the mmltiplication factor.

An impor-

tant verisble which affects the mulitiplication factor is the pile temperature.
The chenge in k per degree temperature change is called the temperature

coefficient.
of many effecte.

The temperature coefficient arises from a complex combination
The principal ones are believed to be: cheange In leakage
rate out of the pile, distortion of the relative distribution of slow
neutrons, and variation of absorption cross sections with temperature.

I’iieé

with negative temperature coefficlents are to an extent self-limiting in that
excess miltiplication factor 1s consumed by the temperature ripe which accom-

panies higher rates of reaction.

The complex nature of the temperature

coefflcient mekes 1t imposslble to predict from existing theory the slgn or
the magnitude of the coefficient for a pile of new design.

Several of the fission products from the chain reaction are kmown to
have large neutron absorption cross se.tions. The accummlation of these

R 5/45
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products during operation consumes excess maltiplication factor orliginally de-
elgned into the plle. These products, in effect, polson the pile. A compen-
sating effect im the destructlion of highly absorbent elements which exist as
impurities in the pile materials by reactions which transmute them to other
elemsnts. For example, the boron content of graphite 1s reduced by neutron
capture in the reaction =BlO(n,a& )3L17 by which lese objJectionable lithium 1s
formed. Product formatidn increasés the multiplication factor because the
product iteelf undergoes flssion and therefore releases neutrons ln the same
manner &s goU235. The number of neutrons increases because the product under-
goes flaslon more readily than 20235. A more detailled discussion of these
effects 1s given in the chapter” on variations in pile reactivity.

The effect on the mmltiplication factor of the presence of various
slements in the uranium ie expressed in terms of a "danger coefficlen " for
the elemert. The danger coefficient times the amount of the element relative
to the amount of ursnium, expressed in per cent, equals the per cent effect
on the multiplication factor. The danger coefficient is calculated from
croge sections as follows:-

Cross section of element Atomic weight of uranium

Denger cosfficlent = & a—cection of urenium Atomic weight of element

For example, in the case of boron:-

Danger coefficient = %—?—g- X %%ﬁé = 1580

Thaet 1s, 1% of boron in the metal would reduce k by 1980%. For this
resson boron muet be avolded as an impurity.

The per ent effect on ¥k of lmpurities in other parts of the plle, such
as the graphite, is obtained as the product of the danger coefficient, the
per cent of impurity relative to the uranium, and a correction factor which
takes into account the absorption by the carbon and the locatlion of the
impurity in the pile.

DECLASSIFIED

The neutron distribution in a uniformly loaded cubicel pile, when not
disturbed by strong sbgorbers such as control rods, 1s a gimple function of
position in the pile. The neutron density in this case varies along each
axis according to a sine function as illustrated in Flg. 5-A. The maxlmm
neuty .. density and consequently the meximum rate of heat generatlion end
produ 't formation exists at the center of such a pile. The active metal-
bearing portion of a Hanford pile 1s surrounded by layers of graphite to
form & reflector for the neutrons which are moving owtwerd from the center.
The presence of this reflector modifies, somewhat, the neutron denaity at
the edge of the active metal-bearing portion. Ingertion of a control rod
distorts the neutron distribution from that which is illustrated. The type
of distortion which the control rod produces is illustrated iIn Fig. 5-B.

R 5MA45 T - 213 - - , N
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Although the control rod absorbs neutrons from 1ts immediate neighborhood,
the effect. of this local absorption is trensmitted at once to all parts of
the plle beceuse of the gas-like nature of the free neutrons.

FIG.5
————— CONTROL ROD ENTIRELY REMOVED
METAL BEARING TURES —-—es—. GONTROL ROD IN PILE
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GONTROL ROD CHANNEL.
VARIATION OF NEUTRON DENSITY
ALONG AH AXIS OF GUBICAL PILE.

The effect of a change in control rod position on the reactivity of a
Plle depends on the position of the control rod in the plle. If the tip of
the rod 1s in & region of low neutron density a larger movemsnt of the rod
is necessary to effect a given change in k than when the rod tlp iss in a
rogion of higher denslty. Because of the variation of neutron density with
location in the pile, the rods which regulate the actlivity mst uswally be
calibrated over their entire useful length of travel.

The relation between neutron distribution and output of product from
the pile will be dimcussed in a subsequent chepter.

S ~ DECLASSIFIED

The control rods which are used specifically to regulate the level of
activity in a pile are called regulating rods. Other forme of control rode s
called shim and safety rods, are used to make larger changes in mltiplica-
tlon factor for safety or operational reasons as required. When the
mltiplication factor of a pile is made exactly eqiial to unlty;, by accurately
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positioning the regulating rod, the rate of heat generation or power level
will remain constant; an equilibrium exists. Thermal neutrons are being
absorbed at the same rate as they are being formed. When the regulating rod
1s located so as to create such an equllibrium condition, it is said to be

at the "critical position". To change the power level it is necessary to .-
chenge the number of neutrons in the pile. The number is altered by tempo-
rarily changlng the multiplication factor, either by withdrawing or further
inserting the regulating rod to raise or lower the level as desired. When
the desired power level, that is neutron demnsity, has been attained, the
multiplication factor is again brought back to unity by moving the regulating
rod back to the critical position. The pile will then continue to operate at
the new power level. The magnitude of the power level change is proportional
to the time the neutron density 1s allowed to mitiply before the mmltiplica.-
tion factor is brought back to unity. Change in power level can be campared,
with change in direction of an antomobile; the extent of the regulating rod
movement corresponding to the amount the front wheels of the automobile are
turned from the straight-ahend position. The extent of the 'change in power
level of the pile, or in direction of the auwtomcbile, is proportional to the
time the regulating rod, or the wheels, are removed from the standard
position.

ity _res o - DECLASSIFIED

During a power level change the activity of & plle increases or
decreases exponentlally. That is, the rate of reaction is increased or
decreased by a definite factor in each time interval, BRecause of the multi-
plying nature of the change 1t is most convenlent to express the rate of
change in terms of the "periocd". The period is defined as the time required
toschange the power level by a factor of e, egqual to 2,718. This factor is
the, bage of the natural system of logarithms and is used because of its
convenience in the theoretical analysis of pile behavior.

]

If only those neutrons which arige during the fission act were present
in a pile the growth of activity, as expressed by the period, would be a
reletively simple function of the length of a neutron generation and the
mltiplication per generation, or multiplication factor. The presence of
delayed neutrons to the extent of less than 1% of the neutrons emitted per
fission alters this simple picture. The activity of these delayed neutrons,
which erise from radloactive fission products, decays in the pame manner as
the actlvity of more common radicactive materials. Because of this decay
property, the delayed neutrons appear some seconde afier cregtion of the
fission products which emlt them. As a result, the delayed neutrons contrib-
ute relatively less when the activity 1s rising rapidly than they do when the
power level is nesrly statlonary. On the other hend, when the power level is
falling the contribution is relatively greater. —

Growth of actlvity depends upon multiplication of the number of neutrons
actually preesent, either normal fission neutrons or delayed neutrons. When
the activity is rising, the relative contribution of the delayed neutrons
to the over-all multiplication in any generation, is less then when the
activity remains constant. This is because the number of delayed neutrons
which present themselves for multiplication in that generation is
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: proportional to 'Eh'e lower activity which the pile hed scme geconds before the

delayed neutrons appear. The ghorter the pericd the smaller the relative
contritution of the delayed neutrons. The fractional part of the multiplica-
tion factor which 1s due to delayed neutrons is, therefors, & function of the
period of growth of activity. -On the other hand, when the pile activity 1s
falling, the number of delayed neutrons which appesr for multiplication in
any generation is proportional to the activity which the pile had scme
gpeconds earlier, when the pile level was higher. When the number of normal
Pisslon néutrons is decreasing, the delayed neutrons attempt to maintaln the
earlier, higher level of activity. They make a relatively larger contribu-
tion to the over-all neutron miltiplication than when the pile activity
remains consternt. In fact, when a large negative excess k existas, the perliod
. of the pile actually approaches theo decay perlod of the delayed neutrons.
These effects sre illustrated in Flg. 6 which shows the relation between

Flg.e
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resctivity and period for a pile of somewhat different design from the
Henford piles. However, the shapes of the curves for these piles will be
very similar.

The unit of reactivity in the “inhour®. It la a theoretically derived
unit which ie proportionel %o the excees mlitiplication factor. That im:-

Excess multiplication factor = Constant X (Reactivity in inhours)

Although the name of the unit unfortunately implies a simple inverse
relation between reactlivity and period, this simple reletion exists cnly as
an epproximation for very long periocds. The relation between period and
inhour reactivlty whick ie true for all periocds, short or long, la:-

Reac'-tivl'h;y in inhours = S 33 1139 1793 81
5 T o7 T35 t o3 + 5%3‘

p = -periocd in seconds

The constents in this inhour expression were obtained by consideration
of the half-lives and relative activities of the several delayed neutron
emittors and the average length of the neutron generation in the pile. They
have also been chosen 0 a8 to give a plle with a period of one hour a re-
activity of one inhour. With the value of the excess mltiplication corre-
sponding to one inhour as a standard of reference roletive values of the
multiplication factor can be accurately determined by cpservation of the
pile perfod. The constant of proportionality between inhour expresslon for
reactivity end excess multiplication factor ise not accurately kmown. It ie
the ueual practice, therefore, to express reactivity in terme of the inhour
unit rather than excess multiplication factor, to avoid introducing addi -
tional uncertalnty by use of a proporticnality factor which 1s nob accurately
known. The value of thls proportionality factor is approximately 2.k x 100,

Radiatioﬁs
OpeFation of a pile im accompanied by the emlssion of large amounts of
radiation in the form of gamma rays, neutrons, fiselon fragments, and beta

perticles. The energy distributlon among the various types of radiation and
the locatlon of their energy sbsorption is given in the following table:-

* JECLASSIFIED
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Absorption  Absorption  Absorption

Mov/fiasion in U in cerbon in shields
Kinetic énergsr of
fission fragments 159 100% o% 0%
Kinetic energy of '
neutrong T i 99 0.03
Ganme rays froni )
fission products 5 5 25 0.08
Beta emigsion from
flssion products 11 100 0 0
Gama rays from reactions
other then fission 18 TO 28 2.0

The energy of these radiations is converted into heat in the absorbing
materials. For this reason the cooling system met be designed to remove
heat from all parts of the pile including the redietion shielding.

The activity assocliated with operation at a 1 kw. pover level is
egtimated to be equivalent in ionizing power to 12 pounds of radium: the
Present world supply of radium is less thap 2 pounida. The radium equivalent
of the lonization in a single Eanford pile at the regular operating level
will be of the order of 1,000 tone of radium.

Gemma rays and neutrone are extremely penetrating and therefore lesk out
of the active graphite portion of the pile. Both of these radiations are
harmful to humen tissue and safeguards egainst irradiation of personmel are
necessary. This protection ig required when the pile 1s shut down as well as
when 1% 1s operating. After a pile is shut down the nmeutron emlission decays
to-a negligible amount In about 30 minutes but the emlgsion of gamma rays
from the active fission products continues » falling to about ons-~tenth of its
original value in 10 days. For piles operating below 1,000 kw. adequate
shielding is provided by 5 to 7 feet of conorete. Plles operating at higher
levels mist be equipped with a more elaborate form of shielding which will

* DECLASSIFIED
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| SECTION B - PIIE

CHAPTER III - GENERAL DESCRIPTION OF THE PLANT

The preceding chapters of this section have introduced the principles
of nucleaF reactions involved in the production of 49. The selection of 2
plant site for the manufacture of this product involved a number of apecial
considerafions. An essential requirement was a lerge dependatle supply of
relatively pure water that remains at a fairly 16w temperature throughout the
year. A large source of power was required for clrculating the tremendous
quantities of water. The potential dangers connected with the high energles
of .the nuclear reaction to be carried out in the piles and the associated
formation of a large quantity of radiocactive by-products, required the use
of large distances between sach portion of the plant.

The military importance of the project and the possible hazards of the
process ndcessltated the cholice of a comparatively unpopulated ares. Certain
minimum distance requirements were thus set by the Army on the tasis of the
best technlcal advice. The manufacturing area was conceived to be roughly
twelve by'sixteen miles. Within this reservation the several plle and pepa-
ration areas were to be spaced. Beyond the limits of this reservation was to
te a belt of low occupancy, so thet no community of more than one thousand
persons, except the plant village, would be within twenty miles of any pile
or separation axrem. The plant village was to be permitted at a distance eof
not lese than ten miles. The same distance was to prevail with respect to
main rail.and highway routesa. e -
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PLANT SITE *'

The alte of the Hanford Enginesr Works almogt uniquely meete the essen-
tial requirements. As shown in Figure 1, 1t islocated in Benton County,
Washington, in a semi-arid reglon beside the Columbia Rlver, one of the
largest rivers in terms of water flow in the United States, and near the
Grand Coulee and Bonneville power networks. It ls esast of the Cascade Moun-
taing in an unpopulated area where the relatively modest Raitlesneke Hills,
Saddle Mountains and Yakima Range form the inland extremitles of that systenm.
The nearest commnity of any considerable size is Yakima, about 40 miles bto
the west, with a population of 30,000. The larger cities of Seattle, Tacoma,
Portland, and Spckane lie well outside a 100-mile radius.

The site itself lies largely, and the manufacturing reservation entirely,
on the south bank of the Columbia River, which bounde the latter area on the
north and northeest. The menufacturing regervation la nearly level. It is
broken prominently only by Gable Mountain which is an outcropping of the
bvasalt that underlies the entire site. The overburden consists of shale and
sandgtone above which are deposlits of sand and gravel. This ground can
pugtain high bearing loads and the material itself 1s suitable for plant
roads or, when screened and washed, for concrete aggregate.

The aree owned, or controlled through lease ¢, amounts to approximately
631 square miles. Of this, 230 square miles are owned by the Government.
The menufacturing reservation containa 195 asgquare miles. The remaining
property owned is accounted for by the purchase .of power and irrigation
properties and rights, and by the acquisition of Richland Village, as a site
for the houasing development and an administration area. Occupancy in the
remaining leased property is restricted and controlled on the basis of safety

and secuwrity considerations. o | ﬂE[:l_ ASS,HH]

A general leyout of the plant is given in Figure 2. The pile and
separation plant areas are designated as 100 and 200, respectively, and the
metal préparatlon and testing ares as 300. Three comple'bely self-contained
pile areas are provided. Allowance has been made for additional areas if
required. These areas have been located on the south bank of the river at
the northern extremity of the manufacturing reservation. They have been

designated "B", "D", and "F" in downstream order. Each site lles on & nearly
2

level plain at elevations above the river which range from scme 30 feet for
"F" to over 100 feet for parts of “B". These arsas are wldely separated from
each other, from other operating areas, and from Richland Village. "F",
which is_closest to the village, ils over 30 milds away.

The ‘Colunbia River furnishes the water for cooling the piles. This

great river, with its headwaters in British Columbia west of the continental
divlde, is fed by melting snow. At Vernitae, just north of the plant, the

R .-
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m TYPICAL PILE AREA
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river drains an aresa of abvout 95,000 square miles which is twice the size of .
Pennsylwania. The average flow of the river at the site is 121,000 cu.ft./
sec., with an average monthly minimum of 40,000 in February and a meximum of
334,000 in June. The combined rated capacity of the pumps taking water from
the river is 842 cu.ft./sec., or about 2% minimum river flow. The water 1s
exceptionally pure and has an average temperature . of 50° F for 8 monthe of
the year a.nd. 60° F for the remaining b months.

Power is furnisghed by the Grand Coulee and the Bonnevlille Dems located
on the Columbia River above and below the plant. Two 230-kv. lines connect
to each of these generating plants at the "Midway Station", in the northwest
corner of “the pite about 6 miles west of Area 100 B. The average combined o
load for all areas is estimated to be 105,000 kw. of which about 85,000 will -
be provided through the Midway Station and & 230-kv. 60-cycle loop serving
the 100 and 200 Areas as indicated in Figure 2. The loop voltage is reduced
to 13.8 kv. in thée three 100 Area substations. The 300 Area, Administration
Area and Richland are supplied from a 115-kv. substation on another line.

e[S

The three pile areas are identical in design, with the exception of
differences in the purification and refrigeration systeme of the water plants.
The menufacturing facllities of thess areas include several main features. A
river pump house supplies water from the river to storage basine. It is then
treated to meet the requirements of the process, which are minimum corrosion
and’ freedom from film Tormation in the weter tubes of the pile. The facili-
ties for treatment include filter plants, demineralization equipment (for
Area "D" only), and deserators. Refrigeration for part of the water to L
increase the power capacliy of the plle during the perlcds of the year when
the water temperature rises, is supplied for the "D" and "F" Areas. Follow-
ing this trestment the water is pumped to the pile building. After passing
through the pile, the water is held up in a retenticn basin to allow decay of
certain short-lived radicactive products before it goes back into the river.

In aq:d.i‘bion to water, helium is also circulated through the plle. A
helium storage, purification and cilrculating system is required as pert of
the 100 Area. equipment.

A typica.l arrangement of & 100 area is shown in Figure 3. IRach pille =
ares ls hounded by about b l/lO miles of fence overlooked by gueard towers.
There are five gates glving access to the enclosure, three for rall and two
for rogd. The fence encloses about 685 acres of land on which there are
h.25 miles of broad gauge track and 6.75 miles of gravel roads.
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LEGEND -

METAL ETORAGE

PILE BuiLoING

RETENTHIN BASIN

GHEMICAL NUILDIMNG

HELIUM S3TONAGE

HELIUM CIRGULATION 8 PURIFICATICN
STAGK

PRIMARY SUB~STATION

SECONDARY SUB-STATION

RIYER PUMP HOUSE

REGEAYOIR & PUNP HOUSE

FILTER PLANT 2 Pooirs

POWER HOUSE

DEAERATING PLANT
DEMIKERALIZATION PLANT
ELEVATED TANKS

ASH DISPOSAL
REFRISERATION BLDS.

BASIN

MUK PUNP HOUSE

GATE HOUSE @ CLOCK ALLEY
SUPERVIZON'S OFFICE R LAB.
CHAREE HOUSE

FIRE HEADQUARTERS
STCRERCGOM

OIL & FAINT STORAGE
AUTOMOTIVE REFAIR SHOM
GOMBINED SHQPS

FERST AID

PATROL HEADQUARTERS
AREA SHOP

GYLINDER 3TORAGE

Pl E
LI

ins
oL — A1 e o A

"R TRACK

TR NS

W |svARD TORER

—-—-n-..__,__‘_‘\

AR

LTINS

B0AL
STORAME

{'j YR

::

4[]

-
us N
linTlog"""’

. 7' s | AN 26°5" no
- ROAD " ™ = N

I i' J 1707

:L Lo
e 11| e T _1_ . 4"

- - s"a.n.‘cjl:‘éu"‘ _—_;N“"’::.N

Wb e i e NI H IR0l SRLE RIS
—= ot —

o L] . ( ™ot freas .
©3 A L3N ; )( :_,“;--—— ".-r“_.k— KA TRALK '
_63— o '. N M_"kl |/ )

- | ¥ |
] : SN
h n 183
ii + \ “feners
S :l-:,l T », - F.,! H ; o .s . T :i-'; ; K . “b‘ "
. } 3 1 MR ) [ _ﬁ e __.;:’ l;‘__ !:= ., M ‘?w : g -
~ DECLASSIFIED -~ oo smea wavour 2t 2
i I ) . [ SN - o
| L H . I - " v l "
d } i f H s | P 5 ; 77*-_';7 L ‘,jﬁ;, o
S S B o T T TR T | W J’ 3 i,
| eI S P by f X ih
. P i

BELHEIE

TG ON AdOD
8 ‘D3S-SLV01-MH

J s3Nas




~-D AREA

100

T 1/46 —

HW-10475-SEC. B

copy No._H 3 _seRiES €
FTIGURE 4




" _ : HW-10475-SEC. B

' o ~ copy NO;6_Z_SERIESC
' ' INDEX -
' _
CHAPTFR ITT . - GENERAL DESCRIPTION OF THE PLANT
- Avea of site, 303 -
: By-products, 301 =
¥ Dengers. of process, 3017

Designation of areas, 303

- o Equipment provisions, 306

‘ - Tayout of plant area, 503
Lodation of plant, 303
Ownership of site, 305

Power supply, 306 -
Requirements of site, 301
Typical area, 306

Typogrephy, 303 o .
Water requirements, 301

e

Water supply, 306 -

O T4

R 1

o - 308 - -




HW-10475 - SEC. B
copry No._H 5 SERIES ¢

m INTRODUCTION

HANFORD ENGINEER WORKS TECENICAL MANUAL

SECTION B - PILE

CHAPTER IV - THE PILE STRUCTURE

In thls chapter, it is proposed to outline the nature of the pile, the
specific device that has been designed to take care of the requirements for
the production of 49 by nuclear synthesis. The reason for the physical form

. which the apparatus tekeg can best be understood when it 1s realized that
the form of each part follows the function that if performe. The functions
that must be carrled ocut by the pile are therefore discussed in the first
part of the chapter. This discussion is followed by a description of the
equipment which 1s used to accomplish them.

. o TELISSE
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REQUIREMENTS OF A PRODICTION UNIT

The pile must first of all furnish an arrangement of parts in which the
golf-pustaining or chain reaction mentioned in previous chapters can be
started and controlled. Then it must be capable of permititing the removal of
heat at ap faslt a rate am possible, since the rate of producticn is directly
proportional to the rate of heat generation. The pile must make use of such
materiale of construction as are avallable in the necessary quantities. It
must be capable of practical operation, in & way that permits ultimate semi-
conbinuous ismolation of the product, end thaet 1is safe.

In order that the chain reaction masy take place, 1t is necessary to have
metallic uranimm dispersed in & medium that is capable of slowing down the
neutrons produced. in the chain reactlon, but which, at the same time,
prevents their loss by leakage or absorption in quantities such that the
reaction cannot perpetuate itgelf. Roth theory and experience have shown
that one of the most praciical methode by which this can be done 1s to
arrange the uranium in the form of cylindrical bars, evenly spaced in & large
mass of graphite. The length, diameter, and spacing of these rods are all
important. The theory showe thet a certain ratio between the welght of the
grephite and of the uranium must be preserved. It also shows that If the
rods are too thick, too many of the neutrons are captured inside them under
conditions such that no additional neutrons are formed and the reaction does
not perpetuate itself. If the rods are too short, too many of the neutrons
leak ont at the ends of the pile; and if they are spaced too close, there is
too good & chance that a nsutron that escepes from the rod will re-enbter the
metal befcre 1t has been properly slowed down and will he captured under the
unfavorable conditions mentioned above. _

The moet offective arrangement of parts iz still further affected by the
necessity of passing a cooling agent over the surface of the metal. In the
H&nford piles thls cooling agent is water, which is an effective absorber of
nedtrone however, and must therefore be kept to a minimum. It must, of
course, be kept out of the graphite and away from the uranium, with which 1t
would react. ¥For this reazson, 1t becomes .necesgary to jacket the uranium in
a protective coating, and to place it inside water tubes running through the
pile. A survey of the materlals from which these jackets and tubes could
possibly be made shows that only aluminum has the necessary combination of

‘avallability, good resistance to corrosion, and low absorptive power for

neuntrons.™ The lapt of thege quallties mey be estimated for comparative

purposes by reference to the table of danger coefficlents given in Chapter I.
Because it is necessary to discharge the Jacketed uranium at intervals ae the
product bullds up in it, special end fittings must be provided through which
the metal can be moved and the water brought in and taken away. Accordingly,

we end with a structure consisting of a mass of ¢arbon plerced by a number of = = .

sluminum tubes with suitable end fittings through which water is passed, and
containing wrenium rods jacketed with aluminum.

- 403 -
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_LATTICE STRUCTURE

Graphite : S

The errangement finally chosmen calls for a nearly cubical pile of
graphite made up of blocke 4 3/16 inches by 4 3/16 inches by 48 inches. The
overall dimensions of the graphite are 36 feot by 36 feet by 28 feet (mee '
Figure 11. It reste on a carefully-leveled s face made up of cast-iron
blocks, which in turn ave laid in grout on top of a maseive concrete founda-
tion. In addition to giving a good surface upon which to start o lay the

graphite, the cast iron serves ancther purpose that 1s discussed later. .

Our use of such relatively small blocks of graphite allows the manufac-
turer to produce with reasonsble speed a graphite of high density and high
purity. The reason for this is that the menuwfacturer achieves these qualities
by making graphite blocks in the ordinary way but from a superior grade of
petroleum coke, and then impregnating them with a pitch that is low in -
lmpurities. The blocks are then regraphitized. In the graphitizing process
the impurities migrate to the surface and are c ried awvay. It can readily
be geen that if the blockes were larger, this process of migration would be
slower; the time required to reach the szeme purity should vary approximately o
as the gquare of the width of the block. - ’ e

The graphite blocks are set in layers with a number of short blocks so
that the joints are stmggered. This is well shown in Figure 2. It will be o
noted that alternate layers from bottom to top are laid with the long o
dimensiong at right angles to one another. This crisscroes arrangement mskes
the plle relatively ‘stable to mechanical distortion. Additional protsction
againast shifting is provided in the form of large graphlite keys. Alternate
rows Iin alternate leyers are pierced for the aluminum tubes, which are thus
spaced in a squere lattice in which the tubes are 8 3/8 inches apart. Not
all of the graphite produced by the manufacturer has the seme high dengity
and purity. The material of highest quality 1s placed in the center of the
plle, end le surrounded by layers of successively lower quality. In this
wey the best material 1s used where it is most effective. Ae an example of
how important this effect ias, 1t may be mentioned that if the middle 30% of
the pile is made of a certasin material, the effect is 70% as great as if the
entire structure were masde of that materisl. Figure 3 shows schematically
how the graphite blocks might be dlvided emong four different grades.
Ideally these grades would surround one another like the layers of an onion.
To do this, however, wculd reduce the Interlocking of the blocks which give
the plle its stability. The various ¢grades therefore overlap as shown in
the figure. At present there are in use three grades of petroleum coke;
Kendall, Cleves, and Toledo. These are used with two grades of pitch;
Chicago and Standard. The combinations of these ued are, in des“ending
order of quality, Kendall-Chicago, Kendall-Standerd, Cleves-Standard, and
Toledo-Standard. Certain other graphites of minor importance will also be
used. ' : o - - — o
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Reflector

The mechanism by which the graphite works 1s that the neutrone escape
from the uranium at high epeed and enter the graphite, where they bounce from
atom to atom, losing & fraction of their energy at each impact until they
have been alowed down to a veloclty roughly comparable to that of a hydrogen
atom at the temperature of the pile. In this state they are called slow or
thermal neubtrons becaunse thelr kinetlc energy is roughly that of the thermal
energy of the atoms of the pile. Throughout thle proceass, there ls a com-
petition between the various fates of plle neutrons. A neutron may get back
into the urenium and be absorbed while 1t is s%ill going too fast; leak out
through the sides of the pile; be absorbed by the graphite, the aluminum, or
the water; or reoach the desired final slow velocity at which 1t 1s most ef-
fective in producing other neutrons when 1t reacts with uwranium.

The most dangerocus of thesse probabilitiea is that neutrons will leak out
of the sides of the structure. If leakage could be completely prevented with-
out attendant absorption, the plle could be much smaller. In fact, the slze
of the plle would be determined almost entirely by the schems adopted for re-
moval of the energy of the nuclear reactions. Leakage of neutrons is reduced
by neing a reflector to send most of them back from the surface into the mass
of graphite that contains uranium. The reflector that is used consists of a
layexr of additional graphite on all six sides of the active part of the pille.

The action of this layer of graphite may be best understood by an
analogy in which light tekes the place of neutrons, and merbles take the
Place of carbon atoms. In thie analogy it is assumsd that in the darkness
of outer apace there is a chanmber containing a sonrce of light, and boundsd
by walls through which this light could pass without sbsorption or reflection.
The vieibility in this chanmber would be greatly improved if even a sparse
layer of smell white marbles next to the wall mentloned sbove were provided.
Such merbles » however, would let a considerable quantity of light pass
between them into outer darkness, dbut if another and another layer were
added;, the amount of light escaping would be further and further decreased.
An obeerver on the ocutelde, however, would catch a gleam of light reflected
from surfece to surface of the marbles. This would be an indication that
reflection back into the interior was by no means perfect. From a strictly
theoretical standpoint, no matter how thick the layer was made, light would
8till escape by this method of reflection, but if the merbles each absorbed
some of the light, the glimmer vieible from the outside would soon be reduced
to a negligible amount. In the reflector of the pile, the place of the light
rayes is taken by neutrons, and of the wmarbles 1s taken by the atoms of carbon.
In both cases, the light or noutrons are largely reflected back into the
interior, but some escape and some are absorbed. In both cases, moreover,
the effectlivenenss of the reflector i1n turning light or neutrons back into the
interior falls off very rapidly as ‘the thickness of the reflector ia increa.sed.
The a.nalogy is an imperfect one end should not be pressed too far.

In the Banford plle, the reflector is on the order of 2 feet thick. It
may be seen in Figures 1 and 2, in which 1t appears as the portlon of the
graphite not plerced by holes for the cooling tubes. The reflector makes up
the principal pert of the "red" section of Figure 3. The faces of the cube

R 5M5 . -hog - L
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through which the tubes pass form a aspecial case which is discuseed below.

Cooling Tubes

The funrtion performed by the cooling tubes is best realized in light of
the fact that about 1080 kilowatt days, or about 88,500,000 B.T.U., are liber-
ated for each gram of 40 produced. After much manipulation of the verisbles
involved, it was decided to construct each pile with a nominal capacity of
250,000 kw., corresponding to epproximately 230 grams of 49 per day. This
power output 1s exceeded by very few central power stations in the United
States. ' To obtain this output, it is necessary to achieve heat transfer
coefflcients between the water and the uranium that are much higher than
those ever counted on in ordinary commercial installations. The actual
figure is on the order of 5000 E.T.U./sq.ft./nr./°F,

The high heat transfer rate is accomplished by surrounding the Jacketed
uranium, which has an outside diameter of 1.440 inches, with en aluminum tube
vwhich has an inside diameter of 1.611 inches, thus leaving an annuler space
for water flow that is 0.086 inches wide. In the most active portlone of the
plle, the water velocity through this annmlue is about 19.5 ft./sec. To
minimize corrosion and prevent local boiling, the water is brought in as cold
88 possible and dimscherged at about 70° C. Becalse of the rapidity with
which local overheating can occur if the water flow is not maintained, the
tubes have to be drawn with very close dimensional tolerances, and the
uwraniuvm is located within them wlth great accuracy by means of two ribs
running full length of the inslide of the alumimm tubing. The pressure drop
required_ to force the water through the tubes determines the preassure at the
inlet to the tubes, and thus setes 2 lower limit to the wmll thiclkmess. This
must not be greatly increased for the sake of resistance to oreep and corro-
sion, or too many neutrons wlll be absorbed. A ressonable compromise was
attained by making the minimum nominal tube wall. thickness 0.059 inches. The
outgide dlameter of the aluminum tubing thus becomes 1.729 inches. Much
coneideration was given to the gquestion-of whether the aluminum tube should
be slightly lerger, slightly thicker, or both; but if it were lerger, the
amount of uranium required to make the pile reesction self-sustaining would
be unreesonably increaged, and if it were merely thickened, the pressure drop
required to force the water through the remaining annulus would rapidly resch
too high a figure.

Active S@uga

At each ond of the aluminum tubes, flttings are provided which allow for
the entrance and discharge of water and for the introduction and removal of
the jJacketed uranium {(aee Figures It and 5). For the sake of convenience in
the operation the wranium metal takem the form of cylindrical alugs 8 inches
iong. This short length also minimizes the warping of the slugs that might
occur because they rest on ribe, which impede the transfer of heat and make
the bottoms of the slugs run relatively warm. A photograph of one of the
active slugs is given in Figure 6, and a sectional drawing in Pigurs 7. It
should be noted that the uranium is a simple cylinder that is pushed inbto a
thin-walled sluminum can with a thick bottom. At the moment of insertion
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the can 1s f1lled with a2 molten alloy of sluminum and silicon, which serves
to £111 ell interstices. The uranium cylinder is followed by an aluminum
plug. After chilling, the plug ie faced off and welded to the can. This
leaves aluminum at each end thick enough to keep the center of the end cool,
and reducea the chance of bolling of the water or local corrosion, The
purpose of surrounding the uranium with aluminum on all sides 1s not only

to prevent reaction between the water and the uranium, with consequent loss
of material snd contamlnation of the water system, but also to keep extremoly
active flassion fragments from escaping into the water at the moment of
fission,

Dumy Slugs

The pile 1s constructed with 2004 cooling tubes, srranged as shown in
Figure 8. Although a smaller number of tubes when charged will permit a
chain reaction, In order to reach 250 megawatte all met dbe cherged. Typi-
cally, each tube contains 32 active mlugs, each containing T7.90 1b. of
uranium which is equivalent to a total of 253 short tons for the whole pile.
It is expected, however, that the quality of the graphite will ateadily im-
prove as the boron that 1t containe 1s burnt out. It may, accordingly,
eventually be possible to reduce the number of active tubes, and the metal
supply may make this course desirable. If this is done, the cornera of the
plle may be emptied of heavy metal. If the empty corners are not cooled they
will become objectlonably hot. Certain of the cooling tubes in this reglon
mat, therefore, have water run through them. Since water is a fairly good
absurber of neutrons and a rather poor one of gamma rays, it will be desirable
to fill_these tubes with cylindrical aluminum sluge. These scatter and eb-
sort ganme rays adequately, and at the same time have a relatively small
offect on the neutrons in the neighborhood, so that the effectiveness of the
reflector will not be greatly impaired. The other tubes in the corners will
be left empty except that the ends will be capped and Plugged with grooved
steel shleld plugs to prevent the escape of radlation and of air oontalning
active argon. Thege steel plugs are shown in Figures 6 and 7.

Cylindrical slugs Jacketed with eluminum and f£illed with a neutren
absorbent such as lead-cadmium alloy may alsoc be used in the pllea. They
are shown in Flgures 6 and 7. To understand the purpose of these slugs it
18 necessary to picture the distribution of power in a plle. If the active
portion is a rectangular priesm the center tube i1s the most active one, and
the activity falls off like a rounded hill toward the sides and toward the
top and bottom, following a cosine curve in each directicn. It reaches
sbout 10% of the maximmm activity in the middle of the sides, end about 1%
at the corner tubes. If the curve of activity could be flattened to form
& high platean instead of a rounded hill, more tubes would run at or near
the maximm activity, and the output of the pile would be increased. This
flattening can be accomplished by putting considerably more uranium in the
pile, and filling carefully chosen tubes near the middle of the bundle with
the absorbent slugs montioned above. The resulting distribution of activity,
while epproaching the 1deal high plateau, 1s actually = hill, the top of
vwhich contalnes a number of depressions corresponding to the absorbent tubes,
20 that 1t resembles a quilted pincushion. This question will be consldered
more fully in Chapter XI. h
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It should be realized that each cooling tube pierces not only the active
vortion of the pile but also the reflector; and 1f the portiona of the tube
golng through the reflector were filled with uraninm its purpose would be
defeated. For this reason, it 1s necessary to £ill the portions of the tube
that pass through the reflector with e relatively inert material. Ideally
this material would be a reflector of neutrons in itself. For practical
purposes, however, it has been found adequate to £1i1l almost all of the parte
of the aluminum tubes outside the active region with tubular aluminum dummies.
See Figures 6 and 7. These dummles have the sams outside diameter as the
active slugs end have an inside diameter alightly under 1 inch. Thelr walls
are perforated with 48 holes 5/16 inches in dlameter. The perforations asllow
water to flow ineide these tubular dummies as well as in the annular Bpace
around them. The pressure drop in the portions of the tube which they f£111,
1e accordingly materially reduced. The wallg are sufficlently heavy to
trangmit_the forces requirved for charging and discharging the tube wlthout
buckling or collepsing. The combination of aluminum and water produces
enough séattering of gamme rays and absorption of neutrons to protect the
blologlcal shield, which 1s discussed below. The shgorption of meutrons in
the reflector i1s not such as to reduce its effectiveness to a large extent.
The radlation escaping from the pile 1s etill further reduced by the use of
three aluminum-jacketed lead dummles & inches long the outer layers of the
pile. These Qqummies are made of lead, which scattere and sbsorbs gamma rays.
They have been made 6 inches long so that they may be distingnished from
slmllar alugs. They, too, are illustrated in Figures 6 end 7.

SHIELDING

That the pile muat be covered with protective outer layers 1s obvious
when 1t is realized that the total ionizing power of the radiation produced
in the pils 1is equivalent to several hundred tons of radium. Although the
reflector turnd back most of the neutrone and absorbs most of the gamma rays
entering 1%, the gmall fraction that still eacapes 18 capable of producing
thermal snd physiologlcal effects enormous in comparison with any other
source of radioactivity. For this reason, the pile is surrounded on all six
faces with a layer of cast iron about 10 1/2 inches thick. This is called
the thermal shield, and in 1t is released 99.6% of the total energy that
would be released if this layer were a rerfect absorber for both kinds of
rediation. The bottom thermal shield is leveled off to form an accurate base
for laying the graphite blocks. The construction of the thermal shield 1is
shown in Figure 9. It algso appears, in sectlon, in other drawings of
Section B. For a 250,000-kw. pile the rate of release of energy in the
thermal shield amounte to about 375 kw. This heat migt be removed by special
cooling water tubes in the sides, but in the ends it enters the main stream
of cooling water through the active tubes. The radiation escaping capture in
the thermal ghield is not important considered as heat, slnce 1t amounts to
only 1.5 kw., but 1t 1s extremely dangerous to living organisms and very
difficult to eliminate because so large a portion of it conelsts of fast
neutrona,
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-n HELIUM ATMOSPHERE

To bring the level of radiation outside the pile down to a safe level,
an additlonal shield, the biological shield, is provided. This is about
I foet thick and is made up of alternates layers of steel and Masonite. The
fagt neutrons are for the most part slowed dovn by elastic collislon with the
hydrogen atoms of the Masonite, though some of them are slowsd down hy a more
complicated process in the steel, known as fnelagtic collimion, The resulte
ing elow neutrons and the gamma rays are largely absorbed by the steel.
Enough radiation le abeorbed by the Mascnite, however, to form a small amount
of gas, Which works 1ts way out through the interstices of the biologlical
ahield into gas spaces in the graphite and is finally disposed of by venting.

The bottom thermal shield reats on the concrete foundation of the atruc-
ture; no blological shleld is nesded there. At the front and back of the pile
the biological shield is pierced by the aluminum tubes, which would act as
windows through which radiation could reach the outside y Were it not for the
fact that they are filled by the perforated aluminum dummies desoribed above.
These dummies prevent gamms raye from sscaping in large quantities through
the enda of the tubes and at the same time permit the Yressnce of large enough
gquantitles of water to slow down and scatter the neutrons which might other-
wibe escape. The gamma rays and neutrons that escape out of the annulusg
around the perforated dummles have been shown by calculations to be tolerabls. '

L]

The earth's atmoophere containa, among other things, nitrogen and
0.9% argon. The nitrogen of the air is so effective an absorber of neutrons,
and the argon becomes so radlioactlive upon exposure to them, that the inter-
atices of the pile muet be filled with soms other gas. The only gas that
does not become radioactive under pile conditlons 1s helium, which was there-
fore chogen to displace the air. Helium has an unusually high thermal con-
ductivity, which perm'te relatively rapid transfer of the heat generated in
the grephite end in portions of the shield to the water tubes that traverse
them, The helium is circulated slowly through the pile from the cold to the
hot end and mey then be passed to a purification Plant in which air, water,
and gases produced in the shield can be removed before the helium is returned.
The helium is sealed in dy providing a continuous membrans of welded shest
steel over all surfaces of the pile. Expansion Joints are provided at the
oedges and at the Jolnts between the front and rear membrenes and the steel
tubes that protect the aluminum tubes.

In order to avoid bringing the helium in and out through openings in the
blological shield, which might themselves be very difficult to meke safe, 1t
ie passed In through a duct in the base of the pile structure, up through a
plenum chamber on the cold face, through chamfered openings In the graphite
to a plenum chamber on the hot face, and then down to a duct in the bage,
from which 1t leaves. These gas passages may be seen in Figures 1 and 2.

The Bresence of a current of helium in the ﬁle anables us to watch for
evidences of a leaky tube by dividing the current into streams corresponding
to ce-rta.i__r_; gections of the plle and enalyzing them for water vapor. For this
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purpose the discharge plenum chamber is divided into ten vertical channels,
in each of which there sre ten sempling tubes with their cpen ends gpaced
ovenly from top to bottom of the pile (see Figure 10). These tubes are coti=
bined into & bundle and brought out through the helium discharge duct to an
analyzing stetion, where the water content is determined by a measurement of
the thermal conductivity of the gas. The partitions dividing the dlscharge
Plenum chambers into vertical channels may be seén in Figures 10 and 11l. To
oencourage the water from s leaky tube to enter the helium stream, weep holes
are provided which lead from the tube holes to the chemfered openings, as
shown in Figure 1. . B .. — -

CONTROL RODS

Although such a structure as we have described would serve to carry on
the chain resction leeding to the production of 49, it wonld be uncontrolled
and if all ite parts were not in perfect balance, 1t would get hotter ana
hotter and perhaps end in a blaze of self-destruction. For this reason the
pile includes & number of devices for controlling the reaction and keeping 1%
within bounda. Thie 1a done by £11lling the pile with elightly more wranium
than 1s necessary to produce one new neutron for each neutron sbsorbed or
lost by leakage. Then through appropriate openings in the shield, which nay
be seen in Flgure 11, water-~cooled regulating roda coated with s neutron-
abeorbing material are introduced into the pile just fer enough to perfect
the balance between neutrons formed and neutrons abgorbed or lost. Openings
in the graphite for these rode axe shown in Figures 1 and 2. In addition to
these control rods, 29 similar rode which are not water-cooled are suspended
in the top of the pile in openings in the blologlcsl shield. Theae openings
match others in the graphite 1teelf, and are also viaible in Figures 1 and 2.
In normal operation, these safoty rods are outslde the graphite, but when
dropped into the pile they very rapidly absorb almost all of the neutrons
present and stop the chailn reaction. The rods may be sesn in Figures 12 and
13. The theory and detailed construction of these two kinds of control rods
are dealt with further in Chepter VI. Additional openinge are provided in
the slde of the pile (mee Figures 11 and 13) and in its base (see Pigure 12)
Tor the lnsertion of the sensitive elements of control instruments. ALl
openinge into the graphite ere lined with aluminum thimbles to prevent escape
of helium.

The relation of the pile to other parts of the bullding is shown in
Flgures 14 and 15, the first of which i a plan gection at the ground level,
and the second & general isometric with portions cut away 4o show the

errangement of the roome and the apparatus which they contain. These drawe
ings contain meny details the purpose of which will become clesrer after

O
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i

SECTION B - PIIE |

- CHAPTER V - REMOVAL OF HEAT

Enormous quantities of heat are released Iin the pile by the nuclear
reactions of the procesg. The Formation of one gram of product liberates
approximately 80,000,000 B.T.U. or 1000 kw. days of energy. Effective means
of removing this heat contlinuously mmst be used so that the pile may be oper-
ated stendily at sufficiently high power levels to make the requlred amount
of product in a minimum time. The operating capacity of a plie is limlted by
the total amount of heat which can be removed from it in a given time and,
consequently, the capacity i1s generally expressed In terms of power output.
The Hanford piles are deslgned for an output of about 250,000 kw. As indi-
cated in previous chapters, the heat is removed from the Hanford plles by
circulating cold water at high velocity through the annular space between the
Jacketed metal slugs and the aluminum tubes which contain them. Becauae of
the large numbsr of tubes, the very considerable gqientities of heat which
miat be rembved, and the necessity for shielding personnel from hermful
radiation, the design, operatlon and maintenance of this cooling system pre-
sent formidable problems. The latter, together with the means adopted for
their solutlion, are dlscussed in thils chapter.

Lodet
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P 1107

Heat Davelgped. in the Metal

Approximately 94% of the heat liberated in the pile is developed in the
motal slugs., This heat is dlstributed in the pile in dlrect proportion to
the neutron denslity. Coneequently, 1t varles with the latter according to
the pattern used in charging the pile. In the simple case of & cylindrically
loaded plle with flat ends, the greatest amount of heat is liberated in the
tubes nearést the axis of the cylinder. The heat generated in the successlve
tubes between the center end the outside falle off according to a curve which
regoubles that of a cosine function. Thus, 1f the most active tube in &
cylindrically loaded Hanford pile, containing 1500 tubes, generates about 300
kw., only about 150 kw. is liberated by an average tube.

The heat generated in a single slug is also not uniformly distributed.
About one and one helf times as much per unit volume is developed. near the
gurface of the slug as at the core. This is because most of the thermal
neutrons developed in the graphite are captured near the surface of the metal,
before they have had a chance to penetrate to the center.

Heat Develé{ped. in the Graphite

The slowing down of fast nsutrona and absorption of gamma fays in the
graphite accounts for about €% of the energy associated with the plle reaction.

Heat Develcﬁ_:ed in the Shields B L

-The amount of heat generated in the thermal and biologlcal shlelds amounts
to only about 0.2% of the total energy released in the plle. Approximately
97% of this small fraction is released in the thermal shield, principally by
-the absorption of slow neutrons and gemma rays in the irom, but also to a very
small extent by the slowing down of fast neutrons. Although the heat released
in the thermsl shield represents only a very small percentage of the heat
evolved in the pile, the amount of heat per unit volume of iron is mo great
that a significent heet transfer problem is involved. Only ebout 0.007% of the
heat generated in the pile 1s liberated in the biological shield by the absorp-

tion of the gamma rays and slowing down of the fast neutrons which pass through’

the therma.l_ shield.

R5MS - 503 - ) -
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CHOICE OF COOLING MEDIA
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Water;was selected as the cooling medium for Ehe following reasong:~ L
1) It ie available in large quantities at low cosb.

2) Relatively low pressure drops are required for flow at sig-
nificant rates.

3) Relatively high heat trensfer coefficients can be obtained
with it.

4) There is a large amount of experience in its use for heat
exchangera. -

Holium n . ' o =

- The flow of heat across the many gaps of various sizes in the pile :
structure is greatly facilitated by reoplacing the air with heliwm. Important
examples of such gaps are the clesrances between the aluminum coollng tubesr
and the graphite, between the gun barrels and the thermal and biological
shields, between the thermal shield Dblocks, and betwWeen the control rod and

test hole thimbles and the graphite.
Helium was selected. for the following reasons:i=

1) It has e negligible crogs section for absorption of neutrons.
Smaller neutron losses are thersfore obtained when the air in
the_pile is replaced by helium. In terms of k, this resulte
in an Increase. of about 0.5%. Pure helium does not react with
the pile radiation to produce undesireble radiocactivity in the

. helium circulation pystem. Any radioactivity in thils system
1s therefors due to ilmpurities which may be kept at low levels
of concentration through purification.

2) Helium has a thermal conductivity about six timss thet of air.
Thig causes smaller tempersture difference between the pile N
structure and the cooling water.

3) It is easily purified to remove small smounts of contaminating
radloactive gases. -

The helium 1s circulated through the pile and then cooled before it is L
returned. Because of the very low heat capacity of the gas, only a very
emall emount of heat is removed by circulation snd the chlef value of the
helium i removing heat is by virtue of its high thermal conductivity. The ‘
circulation, however, performs other necessary funciions. For example, gases _
generated by the action of radiation on the Masonite in the shield, and any
residual alr, are swept out and removed in the purification procesa. C(ircu-

R5MA5 : - 50 - -
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-b ) WATER SYSTEM REQUIREMENTS
z lation aléo permits detection of water leaks from the cooling tubes by con-

stant analysis of the helium for any significant changes in moisture content.

0SS

. Quantity of Water Reqﬁired

If all of the water to the pile were heated from 0° C to 100° C, a pile

operating at 250,000 kw. would require a theoretical minimm of 9500 gal. /min.

. of water. However, more water than this is actually required. In the first
place, for reasons which ere 4o be explained, the temperature of the exit
water from each tube must be lower +than 100° C. Secondly, the heat load L
varies from tube to tube, making it impracticable to adjust the water flow in
every tube to the same outlet temperature. Proviaion has » therefore, been
mede for supplying 30,000 gal./min. of treated and filtered water to each ) .
pile. That thig is a vory considerable flow of water may be readily under- —
stood by comparing it with thet of a mnicipal supply of treated water. TFor
exemple, the year-round average water consumption during 19L2 for the city of
Wilmington, Delaware (population 125,000) was 11,000 gal./min.

. Quality of Water Required

The water must have a minimum corrosive actlon on the aluminum tubes and
met leave Mo acale of other depoeits on the tubes which would serve to reduce
the exiremsly high heat tranafer rates required. Although the Columbla River
water 1s high in purity, some treatment ig required to make it conform to
thege very stringent requirements. Such scale deposits as are formed in the
tubes must be removed periodically. The treatment which the water recelves and
methods of removing accumnlated deposits are described in Chapter X of this
section of the manual. The temperature of the raw _water should also be as low
ag possiblethe year round so &8 to give maximum cooling. This requiremient 1s
reasonably well fulfilleg since the average temperature of the water the Jear
. round lg sround 120C. . : = ;

g

.

- DESCRIPTION OF THE EQUIPMENT

The supply, treatment s dlstribution and final disposal of approximately
30,000 gal./min. of water of unusually high gquality requires extensive equip-
ment. Distribution and control of the Flow to approximately 2000 individual
tubes is in_itself a complicated rroblem, particularly when the importance
of keeping the flow and temperature in each tube within definite limits 1s
considered.: Another complication is added by the fact that the water becomes
somevwhat radicactive. in paseing through the pile, so that the effluent lines
must be well shielded to protect. the operators and others in the building.,
The water distribution system is discussed below. The parts of the system
dsvoted to Punping, treatment, fil“l;r;l:-at.‘_l.'ozi;, aﬁd_deaeqution are discussed more

H =

I}
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m .- : EQUIPMENT DESCRIPTION

fully in Chapter X of this section of the manual. U[ELASS IFIE"
Water Supply to Pile C ; o - el

Weter ie pumped from the river to a 25,000,000-gallon storage besin, and
then through a filter plant to a 10,000,000-gallon clear well. The filter
plant has provision for chlorination (to kill algae), cosgulation with lime
and alum (or other flocculating agents such as Ferrisul), dechlorination with
activated carbon settling, and gravity filtration through sand beds.

The first pile is cooled with water which has been treated and filtered
but not refrigerated. The treating plant of the second pile contains demin
eralization units for purifying the water and refrigeration units for cooling
the portion which flowa through the hotter tubes in the pille. The third plle
area has refrigeration facilitles, and a deminerslization plant may be added
if the one on the second pile proves to be advantageous. Provisione have
been made for passing the water in all three areas through vecuum deserators
before 1t is pumped through the pile. It may also be desirebdle to add
certain chemlcals, such as sodium dichromste and sodium silicate, to the
water in order to reduce the formation of £ilm on the aluminum tubes and slug
Jackets. Acid to adjust the pH of the water may also be added.

Four 1,750,000-gallon storage tanks recelve water from the clesr well of
the filter plant or from the demineralization-refrigeration unite. When
refrigeration 1s used, two of the tanks will be used for chilled water and
two for unchilled water. From these tanks the water flows to the pumps where
1t is brought to a pressure of 350 lbs./sq.in. in tvo stages.

The first stage pwmpe are driven by steam turbines and bring the water
to a pressure of 120 1lbs./sq.in. Each pump feeds into the suction side of an
eloctrically driven pump which ralses the pressure to approximately 350 pounds.
The pumps are 0 arranged that either stage maintains a reduced flow to the
plle in case of a fallure of elther steam or electric power. The gteam pumps
alone cen furnish approximately 33% of the normal flow, and the electric
pumps, 80% of the normal flow. '

There is a total of 12 sets of pumps for each pile. In normal operation,
ten of these are used and two are held in reserve. A 12-inch line from each
electric pump leads to the valve pit, Just outside the plle building, vhere
it 1is connected o the headers which take the water to the distributing pipes
on the charging face of the pile. There mre two of these headers so that in
the areas vhere refrigerated water is available, one header can be used for .
distributing this to the hotter section of the pile and the other one for
distributing the uncooled water. S

i .

The 12-inch lines from the process pumps are connected to each end of
the two horizontal headers as shown in Figure 1. From the ends of cach of
‘these headers a riser runs up on each side of the charging face of the pile.

A recording flowmeter is installed in each of these four risers mo that the
total flow of welter to the pile can be determined. TFour-inch headers or :
"manifolds™ run across the fmce of the pile between the risers snd distribute
the water to the individual cooling tubes. There are 1% of these 4-inch S

-
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manifolds?running between the one set of risers from the header, for refrig-
erated water, and 22 between the other set. Thia results in a dual system
vhich permits both refrigerated and unrefrigerated water to be distributed to
the pile face In Area "D" and "F". The piping in the "B™ Area 1s i1dentical
but is used with uncooled water only. R : o

The kooling tubes in the pile are comnected to the manifolds by means of
flexible "pigtaile™. These lead to speclal stainlese steel inlet fittings on
the ends of the cooling tubes. In addition to fine mesh strainers located at
both ends of each manifold, a strainer for each tube is provided in the inlet
fitting. The fitting iz also provided with a throttling orifice plate the
size of which may be varied to permit the greatest flow of water through the
tubes where the greatest heat is generated. The presence of some throttling
actlon in even the most actlve tubes is considered advisable in order vo pre-
vent over-stressing the aluminum tubes by sustained exposure to full header
Pregsure.  High header pressures are provided in order to minimize variation
in flow rate should the resistance of the tube suddenly change while the pile
was in operation, such as would ocour, for example, if boiling should acci-
dentally be initiated in the tubes.

Cooling Tnbes

The alumirum cooling tubes are spproximately k4 feet long. They conteln
various eyrangements of active, dummy and poisoning sluge according to the po-
sltlon they occupy in the plle. The different dummy slugs serve to reduce the
escape of radiation through the ends of the cooling tubes. They were desgigned
to perforn their functlion with e minimum of resistance to the water flow.
Polsoning slugs of lead or & lead-cadmlium alloy are occasionally used in place
of actlve slugs to improve the power output by modifying the heat distribution.
This function of these sluge ie described in Chapter XI of Section B.

The glugs reat on two ribs in the bottom half of the aluminum tube in
such a way as to provide an annular space through which the water is circu-
lated. The ribe and the annuler space between the slugs and the tube are
illustrated in Figure 3. The design permits the even flow of water at high
velocity around and past the sluge. Thim is required to obtain the unusvally
high heat transfer necessary for operating the pile at high power levels.
Since the ends of the actlve slugs are in contact with relatively stagnant
water, solid sluminum discs, 0.350-in. thick, are provided on both ends of all
active alugs in order to cool the ends and minimize corrosion. The annuler
space 1s of uniform cross section along the tube except in the portions which
contain the perforated aluminum dummy slugs. This is illustrated in Flgurs L,
which shows the arrangement of the different types of mluge in the aluminum
tubes.

When the pile is not fully charged most of the tubes outeide the active
zone sre left empty except that the ends are capped and plugged with close
fitting, grooved, steel slugs to prevent escape of radiation and redicactive
air. Theese are the only tubes through which no c¢cooling water is cilrculated.
An occasional tube will be filled with solid aluminum durmy sluge (and a few
lead-jacketed aluminum slugs) and will be water cooled. :
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WATER SYSTEM OPERATION

oo e DLGLASSIFIED

The system of pipes which collects the water diecharged from the cooling
tubes 1s located on the discharge face of the plile and is quite similar to the
distributing system already described. ZEach of the horizontal lnlet menifolds
has a corfesponding manifold at the same slevation on the dlscharging end of
the pile.  They are comnected to the game row of tubes. The diacharge mani-
folds ars connected at both enda to 36-inch vertical standpipes, as shown in

Figure 5.

The vertical standpipes are connected at the top of the pile by a hori-
zontal pipe of the same diameter. The discharged water overflows from the
horizontal conmector into a cushioning chamber from which it flows through a
concrete duct to a retention basin for temporsry holdup, prior to discharge
into the Columbia River. The retention basin has a capacity of 11,200,000
gallons. Approximately 4 hours are required for the water to pass through it.
The retention period provides time for the decay of the actlvity which the
water hes acquired in its passage through the pile. Because all of the activi-
ties involved are short-lived, the holdup time of L hours is sufficlent.

Cooling of Shields o o _

The majJority bf.fherthermal shield blocks on the charging and discharg-
ing faces of the pile are supported by the aluminum tubes which pierce these
blocks. The latter are therefore cooled by these tubes,

The thermal shield blocks in the side, tip, and bottom faces of the pile
are made with longitudinal slots spaced 8 3/8 inches apart. When the blocks
are in place, these slote form channels running the full length of the pile.
Stainless steel cooling tubes 3/% inch in diameter are set in these chennels
and leaded ln place. There is a total of 208 tubes in the shield and each of
thege la supplied with a flow of water of 3.5 gal./min. from & separate header.

OPERATION OF THE WATER COOLING SYSTEM

Te@paratufg and Pressure Limitatlons

The operating capaclty of a plle is limited by the rate at which the heat
developed can be removed. Consequently, in order to cbtain the maximim pro-
duction rate it is necemsary to pass the cooling water through the pile at the

. highest permissible rate and at the same time to obtain a maximum temperature

rise 1n the water.

The total amount of water available to each pile is limited to 30,000
gal./min. When the amount of water is limited, it 1s desirable to reduce the
flow through the less active, and consequently cooler, tubes at the periphery
of the pile in order to have more water aveilable for cooling the more active
central tubes. The distribution of flow to the various tubes ig controlled by
using orifices of different diameters in the inlet fittings. The pattern in
which the orifices are arranged depends upcn the heat distridbution resulting
from the charging pattern which ig in use.

R 5/45 - 513 - - L ]




HW-10475 - SEC. B

COPY NO._6_3_.SERIES ¢
m _ WATER SYSTEM OPERATION
‘ A lim-ita.tibn exists on the amount of water which can be passed through

any single tube. This results from the fact that the rate of fiow ie propor-
tional to the pressure drop across the tube. Experimente indicate that the
maximum sustained pressure in the aluminum tubes mst be limited to about
200 lba./sq.in. This limitatlion on inlet tube pressure eliminates the pos-
slbility of elow expansion of the tube, which would make ite removal diffi-
cult if this becams necessary. '

When the inlet water pressure 1s limlted to 200 1lbe./sq.in., the exit
wvater pressure is about 18 lba./sq_.in. The water flows through the annulue
between the slugs and the tube at the velocity of about 18 £%./sec. This is
equivalent to a flow rate of about 20 gal./min.

. The amount of heat removed by the water in its paseage through a tube is
directly proportional to its tsmperature change. Except for the piles vwhich
are 1o be provijed with refrigerating facilities, the inlet temperature of the
water 1s determined by the temperaturs of the Columdis Rlver, the seasonal
temperature variation of whick ie shown in Figure 6. A limitation on the tem-
Perature of the exit water is necessary to avold harmPul corrosion of the alu-
minwn cooling tubes and +the jJackets of the slugs. It is believed that the
oxlt tomperature should not exceed about 65° C, in order to minimize corrosion.

.« e IRCLISSFE)

_ COLUMBIA RIVER TEMPERATURES b
5-YEAR RECORD AT BONNEVILLE DAMn 1938;1943
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Corrosion of the cooling tubes 1s objectionable beceuse such action
could oventuelly cause & lesk. This would permit water to enter the graphite
structure with a resultant loss in multiplication factor. Corrosion of the
aluminum Jackete of the sluge to a point where a lesk results wounld permit
the highly radicactive fimsion products in the metal to enter the water
stream. Entrance of water into the jJacket would also result in chemical
action between the metal and the water. Because the reaction product is of
lower density than the metal itmelf, the alug would expand with consequent
harmful effects on the flow rate through the tube and difficulty in removal
of the swollen slug. However, because the slugs are usually retained in the
pile for relatively short times, compared with the cooling tubes, it is
belleved that jacket temperatures of 85° C should be permissible. The hottest
portion of a Jacket is opposite the supporting ribs of the tube since the
latter interferes, to a certain extent, with the flow of water past the
surface of the slug.

The following tabulation illustrates the magnitude of the heat transfer
in the most active tube of a oylindrically loaded pile for a particular set
of operating condiiions within the limits prescribed for inlet water pressure
and exit water temperaturs:.

Y T

Izgiet water temperature 5% ¢ (reﬁiéerated)

Iq;i.et water pressure 200 1bs. /sq.:lr;_.

Exit water pressure 18 1bs. /sq.1in,

Weter flow rate . Iab gel./min.

Wq;'bar velocity 18 ;tr./aec. i B
Total hest gemeration 320 kv, (single tube)

Maximum heat gensration 22 kw. /ft. a.1';‘ center of tube

Negligible contamination of aluminum surfaces 1s assumed.

L . . oo - * - r — =

hot

Heat Tra.nsf%Tr

Meximm heat flux, slugs to water: 190,000 BTU/hi}L [8q.tt.
Maximm témperature difference s 8lug jacket to _wafi:er, except at riba: 21° C -
. , | \
Maximum temperature difference ; center of slug to jacket: 220° C
: b [ [ I A ) S S—

‘ P
Maximm metal temperature: 280° C

Aluminum tube temperature: Approximately that of.the local water.

R 5/45 N =515 - = , L]
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Temperature and Préssure Mond toring _

Indiéating end recording instruments for continuous monitoring of the
tube water pressures and temperatures are provided to agsure operation under
the prescribed limiting conditions, and algo to supply e record of plle o

performance. , e

Speclally designed gauges give a continuous indication of the inlst
bregsure of each tube, measured down stream of the orifice. An abnormal _
increase of decrease in presgure at this polnt is evidence of e merious
alteration in the rate of flow through the tube. An increase in pressure
may be due to an obstruction in the annular space in the tube or to swelling
of a slug. A decrease 1n pressure may result from a plugging of the orifice.
Either of these condltions represents a potential hazerd to the pile. For
this reason the safety rods can be automatically released when the pressure
changes beyond set limits.

4 continuous indicetion end record of the temperature of the diecharge
vater leaving the pile is prowided. Although normally the temperature of
the exit water of an individual tube is measured only pericdically, arrange-
monte can be made for a continuous messurement of the temperature if diffi-
culty with the flow through a particular tube is suspacted.

In aqéitimn to ﬁroviaion for prespsure and temperature monltoring inastru-
ments, each cooling tube is provided with a sampling cock through which water
can be withdrawn for examination of ite radioactiygty,or for chemlcal analysis. .

i

L - - - (R
A complete description of the instrumentation for water monitoring is
glven in Chapter VII of this section of the menusl.

iimmne LIS

To mindmize thermal strain on the plle structure, a normsl shutdown pro-
ceeds with a gredual decrease in the pover level. In an emergency shutdown,
the power level is lowered rapidly by dropping the safety rods. In such a
cage, however, the power level does not drop instantaneously because of the
time required for the decay of the delayed neutrons. Even after the chain
reactlon itself has essentlally stopped, the metal continuss to liberate ene
ergy In the form of beta and gamma radiation. Because the energy of these
radiations is transformed into heat, cooling of the pile is necegsary even
after it is shut down. The rate at which heat continues to be generated for
various times after shutdown is shown in the Borat-Wheeler curves of Figure 7.
It can be seen from these curves that 20 minutes after a complete shutdown,
the heating continues at a rate equal to about 1.6% of the rate at which it
was belng generated during actual operation, and two days after shutdown the
rate 1s 8t111 0.5% of the operating rate. ~ - : :

Although provision is necessary for water cooling of the slugs for an
indefinite period after shutdown, the normal water rate need not be maine
tained. At_these times the avorage water pressure in the inlet manifolds
is reduced from the operating level of 350 1bs. /eq.1n. to about 50 1bas./sq.in.
This change in pressure results in a 75% reduction in ths rate of flow..

R 5/45 . ' - 516 -
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Only a very small flow is necessary to remove the heat generated in a tube
during discharging of slugs. Special provisions have been made for cbtaining
& pressure dlfferential of about 30 inches of water, required for meintaining
thls flow. The control of the water flow during the discharge operation is
discussed in Chapter IX of this section.

Water Supply under Emergency Conditions

Any condition whlch interferes with the continuous gupply of water to a
rlle requires that the pile be ghut down as rapidly as poesible. Furthermors,
i1t 1is necessary to provide an omergency supply of water to remove the heat
which continues to be generated. -

In case the electrical power to the high head pumps fails, the drop
safety rods are automatically released and the steam driven pumps supply the
water. To meset such an emergency, the electrically driven pumps are equipped
with flywheels which continue to drive the bump even after the electrical
power ls removed. These flywheels maintaln the flow rate above approximately
T5% of the original for 20 seconds after power failure. This flow is ade-
guate during the initial critical period when heat is being generated by
fission through delayed neutrona. . :

In the event of electrical power faillure of any other pumps in the water
system, the pile can be operated for seversl hours on wvater which can be
drawn from the various atorage reservolirs. Auxillary steam driven pumps are
installed as stand-by equipment for sll electrically driven pumps. However,
these pumps have capacity adequate for cooling the pile only in the shutdown
condition.

In case of the failure of both electrical and a%eam.power, water is
obtained from two 300,000-gallen high tenks provided for each Pile. These
tanks, which are 120 feet above ground level, are connected through check
valves to the two 20-inch headers at the inlet of ‘the pile. Whenever the
Pressure in the headers falls below €5 lba./sq.in;,water from the high tanks
autonatically flows into the plle inlet headers. In the event of abrupt
failure of both steam and electrical power, the flywheels of the electrically
driven pumps supply water Ffor about 30 seconds, after which time the high
tanks meintein adequate flow for sbout 2 hours. During this period arrange-
ments can be made for transferring up to 20,000 gél./mdn. of wster from
ad Jacent areas.

HELIUM SYSTEM

Promotion of Heat Flow - =

Most of the heat developed outeide of the active sluge mist be trang-

ferred acroge gas filled gaps before it can be removed by the ccoling warter.
These gaps are present becanse of' clearance that mat be provided n

Roks eme- o ——
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construction of the pile, either to provide space for thermal expansion or to
avold machining to impracticably close tolerances. Since the thermal resist-
ance of the ges fllled gaps constitutes a large fraction of the total reaisbt-
ance %o the flow of heat into the water, the use of an atmesphere of helium,
which has a high thermsl conductivity, results in a large reduction in the
temperature of the grasphite, shields and control rod thinbles, relative to
the cooling tubes.

The temperature of the graphite itself ig not considered to be particu-
larly critical. It is thought that an increase in graphite temperature may
actually result in some increagse in the mltiplication factor. Higher
graphite temperatures are also advantageocus in reducing the relative expan-
sion of the shield and the pile. = = _ .

. The temperature of the thermal shield blocks is critical because it
determines_ to a great extent the temperature of the inner face of the
blological shields. If the temperature of the inner face becomes mach
greater then thet of the outer one ; the blological sghield temnds to warp or
bow. This could result in a rupture of the helium gas speal whilch ls around
the outside of the biologilcal shield. : _—

Circulation System

Bellium is continuously circulated through the pile at & nominal rate of

1800 cu.ft,/min., measured at 0° C and atmospheric pressure. The circulation

. system is shown dlagrammatically in Figure 8. The pressure rise across the
blovers is about 5 inches of water. The system operates hetween a maximmm
pressure of about 8 inches of water and a minimum preasure of 1 inch of water.
The pressure exlsting at any particular point in the main clrculating stream
can vary over a range of 3 inches of water. The driers operete by adsorption
of water on sllica gel. In the purification system, the lmpurities are
removed by adsorption on activated charcoal under conditions of high pressure
and low temperature. .

g

The helium circulation through the pile is shown in Filgare 9. Hellum
enters the pile ares through & 2i-inch horizontel duct, located about 15 feet
below the thermal shield blocks at the base of the pile. This duct makes one
. turn beneath the pile and dimcharges into the center of & 24-inch header
located near and parallel to the charging face of the pile. The gas flows
from the header upwards through slots and into the bottom of the 4-inch wide
space vwhich is left between the thermal and blological shields at the charg-
ing face of the pile. The heliwm then works its way through the cracks
between the thermal blocks, after which 1t gtreams through the channels
provided in the graphite structure in a direction go-current with the water.
It then flows through the gaps between the thermal blocks ot the discharge
face of the pile, and dlscharges into the 4-inch space left between the
thermal and biological shields at the discharge end of the pile. From this
space the hellum enters & diecharge header and leaves the pile through ,
another 2h-inch diameter duct. . -

with thelr long axis parallel to the tubes. Theseﬂfbloc]s:s have a2 0.39-inch
chamfer cut at each of the four corners along the iong axle. Blocks not

w35 -m- o

: The @:aphit.e blocks in those layers which contain active metal s 8re lald
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FIGURE 9,

HELIUM CIRCULATION THROUGH PILE
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‘ containing cooling tybes are laid with their long axls horizontal and perpen-
dicular to ths tubes. Thesge blocks are not chamfered. The chamferas of the

parallel blocks provide a large nunber of triangular shaped channels which

extend through the entire graphtte structure. The average helium velocity

through these channels ig about 5 ft./aec. when the pressure drop through

the graphite and through the thermal shields is maintained at about 1 ineh .
- of water.

Of the 16,000 cubic feet of gas in the plle, about 60% 1s located in the
1 pores of the graphite and 304 in the pores of the Masonite of the biological
shield. There is no positive circulation of helium through these pores.
Consequently, displacement of air Prom the rile is & gradual process limited
. by the rate of diffusion of alr out of the pores. Becanse the alr in the

helium stream, significant amounts of air may be present in the blological
shield after several months of operation. 7 .

Heat Removal by Helium L _ -

The temperature of the halium entering the pile is determineqd very
largely by the temperature of the surroundings near the inlet ducts. The
helium leaving the Pile is at a teomperature close to the average temperature
of the discharged water. Tt ig anticipated that the heat removal by helium
under normal conditions will be less than 50 kw., or 0.02% of the total heat

. generated in the pile. - - o o

The elevation of the &raphite temperaturs aﬁov'Ta the local water tempera-
ture is proportional to the local rete of hesct generation. At the center of
a cylindrical pile containing 1500 tubes operated at 250 megawatts, the ten-
Derature drop across the nominal helium gap between the graphite ani the tubse
ig about 40° ¢, if the tube ig centered . in the hole in ths graphite, fThe
temperature at the center of & new graphite block, located at ths center of

the pile on the dlagonal between two cooling tibes » 18 an additional 89 ¢
hotter if there is negligible clearance between adjacent blocks, but thie
temperature increment will increase many fold as the thermsl conductivity of
the grephite deteriorates under the influence of radiation. A teaperature

rise of about 0.6° C is introduced by each 0.001 inch of g8p surrounding ths o

. : block.

Detection of Water Leaks o ' — -

w4

The presence of a lealk in a cooling tube is indicated by a high molgture
content of the discharged helium. Two features have bsen incorporated to
agsist in the location of defective tubes. The h-inch space boiwaen the
thermal end the biological shieldc at the discharge snd of the plle is di-
vided by partitions into ten vortical zones through which the helium flows ‘
downwards to_the discharge duct., It is believed that this method of 1so~ . . . ‘--
lating the helium flow into zones on the discharge face will assist in
locating the leaky tubs by limiting the location of the tube to the zone
showing the highest moisture content., To improve the efficiency of detection,
each graphite block which carries a cooling titbe has a number of 1/4-inch
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holes (weep holes) drilled from the various chamfered surfaces of the block
to the bore of the hole. These weep holes facilitate rapid diffusion of
water vapor from the point of leakage to the channels which cerry the helium.
The woep holes are shown in Figure 1, of Chapter IV, of this section of the
manual.

Removal of Decomposition Products

+% 18 estimated thet the radiation incident on the biologicel shield
causes chemical decomposition of the Masonite with release of 25 to 50
cu.ft. /day of gases conslsting largely of hydrogen, water vapor, carbon
dioxide, and carbon monoxide. These gases work their way through the Joints
between the component parts of the blological shield and through various
seams until they are ultimately picked up in the helium streem.

Activity of Hslium

Pure helium develops no radloactivity in bassing through the pile. The
presence of lmpurities such as nitrogen or carbon dioxide in contaminating
alr or the gases evolved in the blologicel shield results in only a small
amount of Fadioactivity. Of serious concern, however, is the activity
acquired by the argon which is present as a compeonent of alr. It is the
funciion of the purification system to remove the air and other gaseous
impurities which appear, in order to brevent bulld-up of dangerous radiation
intensities. The removal of these contaminants from the helium is described

|  DECLASSIFIED
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‘. INTRODUCTION

DFELISSIFED

EANFORD ENGINEER WORKS TECHNICAT MANUAL

SECTION B -~ PILE ~

CHE?TER VI -~ CONTROL OF THE PILE REACTION

The purpose of a pile ie to produce product by nnclear reactiona. For
these reactions to take place as desired, it ie necessary that a tremendous
mutber of fieutrons he produced and that the rate of neutron production be
accurately controlled at all times. This chapter covers the operating and
safoty controls employed in the Hanford piles.
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CONTROY, PRINCIPLES

Neutrons are produced in the pile by a self-perpetuating reaction which
may be originally instipated by one of the strag neutrons that pervade all
space. This neutron reacts with an atom of g2 5?, aplitting it into two
atom fragments and liberating on the averesge 2.3 few neutrons. For identity
purposes, these are called first gengration neutrons. Some of these first
generation neutrons react with 2U35 to produce the product, others are lost
by rarasitic events such 'as reaction with the graphits, while the remainder
react with“92U935 rroducing second generation neutrons. It is spparent thet
if there are not too many parasitic reactlons, the second generstion will be
more mumerous than the first. The neutron population in th ‘pile can thus
grow untll _some event comes into play thaet reduces the numbdr born in any one
generation to a number equal to or less than that born in tHe preceding
generation. Thls event can be the depletion of the supply of 92U235 atoms,

- or 1t can be an increase In ome of the parasitic processes. In the Hanford
cperation, the primery method of controlling the neutron population, and thus
the power output of the pile, will be to control the persgltle reaction.

This is accomplished by introducing into or withdrawing from the pile a
material, boron, that readily reacts with neutrons, but does not in turn
liberate new neutrona. .

e SSFED

Ae hag Just been explained, if the number of neutrons produced in one
generation were greater than the number produced in the preceding generation,
the neutron population would incresse. If the numbers were exactly equal,
the population would remain unchanged and if less, the population would die
out. The ratlo between the number of neutrons produced in one goneyation and
the number produced in the preceding generation is called the mltiplication

factor or "k".

-

Multiplication Constant

Excess k or kg

It is frequently ccnvenient to use the texrm "excess k" or "ke" which is
the multiplication factor k diminished by unity. Thue a k of 1.001 is ;
equivalent tb an excess k of 0.001l. ' Excess k is frequently expressed in per
cent; for eXample, ke = 0.1% = 0.001. ,

Poriod B B
The pile "period" is a measure of the rate at ‘which the neutrone in the

pile (or the power output of the pile) increases or decremses. Mathemati- _
cally, the perlod is the length of time in eeconds requlred for the pile . _

- 603 - - R
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m | ‘ DEFINITIONS OF TERMS

power to increase or decrease by a factor of e = 2,71828, Thus if the pile
period is Bhort (on the order of 10 seconds), the.power output is chenging
repidly and if the period is long (on the order of 10,000 seconds), the power
cutput 1s changing slowly. Actually the pile period does not remain constant
after a change in ke but increases asymptotically to a steady state value,
which for practical purposes ims reached after a minute or so. The true
period is the asymptotic value which is two or more times greater than the
reriod as measured within a few seconda after a change in kg.

If all of the neutrons born in the pile were released Immediately during
fission, the initial rate of increase in the pile reaction instigated by
rartially withdrawing a control rod would continue at an undiminighed rate.
However, some 0.6% of the neutrons are released up to several mimutes after
the flssion procese. The effect of the delay of these neutrons on the reaction
rate 1s negligible during the first few generstions after the control rod
change and the plle reaction rate increases exactly as if all neutrons were
born during fission. This condition does not last since the delayed neutrons
resulting from the first generation fissions cannot participate In the
mltiplication process until some later time. This delay produces the
slowing of the reaction rate to the asympototic value.

In measuring the pile periocd, it is seldom convenient to wait until the
power output hae changed by exactly 2.71828. _The following formule can be
used to determine the period for any change in power outputb:-

C T DRSS

where: — : -
Py 1ls the initial powsr output }
P1 is the power ocutput t seconds later
T 1es the period in seconds

The factor 2.71828 used in defining the pile period was chosen in order
to simplify certain mathematical relations between-pile power, multiplication
factor, and other expressions. A factor of two or a factor of ten could have
been used, but converdicn factors would have been required in order that such
periods could be used in the formulae. Since meny people are more femiliap
with the factors two and ten than with ©, It may be helpful to show the
relations between these values and e. For exemple, from the formula above,
It can be calculated thet when the e-period is 10 seconds, the length of time
required for the power to be changed by e factor of two is 10 In 2 or 6.9% _
seconds and:for a factor of ten is 10 ln 10 or 23 seconds.

Another term used to denote the raﬁe of change of the power output of a

- 604 - ' ’
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pile ig the inverse howr or inhour. When the period is greater than about
100 seconds, the inhour is the reciprocal of the pile pericd expressed in

hours. TFor example, the inhours of a pile when the period ias 200 seconds

are:~

1
— 560 = 18

3600 - =

The exact mathematlcal dascriﬁtion of an inhowr ie glven in Chapter II.
Inhoura can be converted to excess k by multiplylng the number of inhours by
2.4 x 10-5, This gives only the approximate value.

Mathematical Ixemples

The multiplication constent k or k, and the perloed, which is a way of
expressing the change in reaction rate of a plle, are related by a simple
formula. For values of k, in the normsl operating range, less than about
0.001, this expression is approximately

in which the numericel term 0.1 represents the average lifetime In seconds of
8 neutron generation. For valuee of ke greeter than ebout 0.00), the average
agoe of a generation is reduced due to the preponderance of Instantaneous
neutrong present at any one time compared with the number of delayed neutrons.
Thus, changes in k; in this zone produce proportionally greater changes in
the plle period than are obtained when ko is less than 0.00l. The expected
relation between kg and period for the Hanford plle is glven in Figure 1.

Tt is expected that the Hanford pile, when completely loaded with metal
and the tubes f1lled with water, will have an avallable excess k of about
0.01, Tf the pile were allowed to resct with this amount of excess k, its
power ocutput would increase with almost exploslve violence. This cen be
11lustrated by the following exsmple. When & pile is completely shut dowm,
the natural production of neutrons by uranium corresponds to & power output
of about 107 watta., If the pile is then started hy removing all of the
control rods no that kg = 0.01, the rate of growth of the plle will be such
that the pile period is O.4 seconds. On calculating, it is found that ‘the ,
povwer output 10 seconds after the rode were pulled out of the plle would be:-

P, = (10°%)(e10/0:%) watts = 1000 kw.

Three secondes later the power output would be 1,000,000 kw. It is not
contemplated that the pile reactivity will ever be allowed to increasse at
such a rapld rate. A more reasonable start-up rete wounld be obtained by
allowing the plle to have an excess k on the order of 0.002. This would be
obtalned by partially removing a control rod. As an example, the length of
time required to start a pille from a dead cold level (po = 10k watts) and
obtaln a power output of 250,000 kw, using k = 0.0016 is as follows:-

me - - -
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DESCRIPTION OF CONTROLS

From Figure 1, T = 30 seconds
In equation 1) é50,066,000 = (loak)(ét/BO)
2.3 log 250,000,000 x 10* = /30

t = 2700 seconds, or 45 minutes

DESCRIPTION OF PILE CONTROLS -

In the introductory pages of this chapter the terms thet are moat _
frequently used in describing pile control were defined and a few mathemati-
cal relations between these terms were given. The three types of controle
used in the Hanf'ord pilles will now be described. Thess are designated as
regulating rod control, shim rod control, and safety control. Figures 2 and
3 give the relative location of theme controls- in the plle structure.

Regulating ﬁoda

The function of the regulating rode is to control the pile power ocutput.
This is accomplished by pushing into or withdrewing from the pile a rod R
contelining boron, which is generally constructed as shown in Figure 4. This

rod, which is about 75 feet long, comprises two sectlons, each approximately
one-half the total length of the rod.

Cnly the front section of a regulating rod enters the pile. The
esgentlel parts of thls section are:-

1) The neutron absorbing elements comprising e mixture of aluminum
and boron which has been flame sprayed onto the outside of
threa aJuminum tubes.

2) The tubes mentioned in 1) through which water is forced at the
rate of about 10 gallons per minute in order to carry away
approximately 50 kw. of heatl generated in the rod.

3) The outer eluminum casing that gives rigidity to the mtructure.

The rear sectlion 1s primerily a mechanical linkage between the section
of the rod that enters the plle and the drive and water supply. It comprises
a continuation of the water tubes and supporting structure and a rack that
angoages the pinion of the driving mechanisam.

The rod enters the pile through a specially constructed hole in the pille
shleld, the detsils of which are shown in Flgure 5. Escape of helium from
the pile ig prevented by lining the hole, through which the rod travels into
the pile, with an aluminum tube of rectengular cross section., Differential

motion between the pile shield and the graphite up to about 1/2 inch will not
pinch or otherwlse dewmage this tube, due to the clearance that has heen left
between the tube and the graphlte.

? o o-sor- L]
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The clearance between the hole in the shield and the rod is nearly 1/8
inch in order to insure freedom of motion of the rod. This wide clearance
allowa mch radiation to escape into the rod room during the operation of the
pile. However, during this period personnel are excluded from the rod room.
When the pile 1l not operating the escape of radiation is below tolerance
lovel,

The aluminum metal in the control rods becomes radicactive when exposed
to the pile neutrons. As long as the rods are inside the pils, the radiation
emitted from the active aluminum im abscrbed by the pile structure and by the
shield. When the rods are withdrawn they initislly omit into the rod room
about 10,000 r/l:u:-. This activity decays very rapidly so that after sbout a
woek, the activity is such that the rod can be approacked to within a foot or
80 without obtaining a tolerance dose in 8 hours.

Shielding from the intense radlation given off by & control rod immedi-
ately after it is withdrawn from the Plle is obtained through use of extra
thick valls for the room surrcunding these rods. This is an edditional
reason for excluding personnel from the room dwring and for soms time after
normal operation of the pile, .

The rack section of the rod extends through the rear wall of this room
into the room that houses the rod drives. Clearances between the wall and
the rods have been made small in order to reduce to & minimm the radiation
leakage through these gaps. Covers made of lead are provided for thils
opening and for the opening in the pile shileld through which the rod passes.
These sre provided to reduce the amount of radistion that would otherwise
stream through the openings after removal of the rod for repalr or inspection
purpcses. The covers are pushed into place by a remotely controlled
pneunatic device.

The regulating rode are equipped so that they can be remotely operated.
For remote manual operation, the drive is & differential, one side of which
18 connected to an electric motor that will drive the rod at 1 in./sec.
(forward or reverse) and the other side of which is connected to a motor
that will drive the rod et 0.0l in./sec. (forward or reverse). In the event
that these speeds do not give the desired rate of response, chenge gears
have been provided that will allow rod speeds of 0.02, 0.0%, and 0.1 In./sec.
for the low, and 0.5, 1.0, 2.0, and 3.0 1n./sec._for the high speed drive.
The regulating rod drive is illuetrated in Figure 6.

Two regulating rodas have been provided. It is expected that only one
will be used during normal operation and the other will be held in reserve
a8 a spere. The shim rode, which will be described next, are ldentical in
congtruction with the reguleting rods. _ Thus, i1f required, the drivea could
be interchanged and one of these rods wsed for regulation,

Shim Rods

In ord?er that the pile may be adequate_ly controlled it is necessary that

"o - ]
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provision be made to neutrallze sbout 1.7% excess k. If a single regulating
rod were used to compensate the entire amount, 1t would have to be about

5 feot in diameter. By using nine rods instead of one and spacing them as
shown in Figure 2, very much smaller rods (about 3 inches in diameter) cen be
used (see Figure 4). The convention has been adopted of deslgnating as
regulating rods the two rods that can be used to control the minute to minute
power output of the pile. The remaining seven rods have been designated as
shim rods. It is expected that the shim rods will be used for:- (a) atert-
ing and stopping the pile reaction, (b) as a reserve supply of excess k
control over and above that contained in the regulating rods, and (c) as
safety rods that can rapidly stop the.pile reaction in case of an emergency.

The shim end regulating rods enter the left face of the pile, as viewed
from the charging end, and are spaced approximately 5 feet apart on a grid
pattern as shown in Figure 2. h

The shim rods are provided with a hydraulic drive. The essential _
features of thls drive are:- (2) an electrically driven oll pump which 1s
capable of supplying oll under a pressure of about 1000 1bs./gq.in. , and
(p) a hydraulic motor connected to the rod rack. A selector switch can be
get to move the eccentric of the pump so that:- (a) oll is pumped through
the hydraulic motor driving the rod in at a speed of 3 in./sec., {b) oil is
pumped in the reverse direction through the motor, withdrawing the rod at a
speed of 3 in./sec., or {c) the oil flow (external to the pump) is zero,
allowing the rod to remein stationary. In addition, a welghted hydraulic
accumlator is provided. This stores sufficient oll under high pressure for
driving ell seven shim rods into the pile at once at a speed of 30 1n./sec.
Tigure 7 is a achematic representation of this hydraulic drive. Interlocking
mechanisms have been provided so thet only one shim rod can be withdrawn from
the pile at one time. This 1s a safety feature provided to reduce the chance
of starting the plle with a rate of power increase greater than that actually
desired by the operator.

Drop Safety Rods

The drop safety rods are provided primerily to shut down the plle In
cage of an emergency which may resulit in the water boiling or beling otherwlse
driven from the tubes. If thie shonld happen during the operation of the
pile, k would be increased fram 1.000 to 1.025, thereby increasing the
reaction rate a2t such a tremendous rate that the plle would literally explodse.
In order to guard ageinst this catastrophe, 29 safety rods have been so
pleced above the plle that they can be dropped into the pile in 2 to 2 1/2
seconds after the emergency slgnal haes been given. These rods have suffi-
clent size and ars spaced in such a menner that they will reduce k by 0.038.
Even if two or three of these rods fail to act, sufficient excess k should
be subtracted from the pile by the remaining rods for the pile to shut down
rapidly, and remein shut down even though the water subsequently bolls from
the pile. _

The drop safety rods are tubes of steel (containing ) 1/2% of borom)

having a dlameter of 2 1/% inches, & length of 35 feet » and a wall thickness
of 3/16 inches. 'The bottom and top of the tubes contaln steel plugs which

- 614 - B ~
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reduce the amount of radiation that would otherwise atream out of the pile
when the rods are In the "in" or "out" position. The speciel plugs through
which the gafety rods enter the plle ere shown in Figure 8. During the time
that the rods are only partially inserted into the pile, an extremely intense
radiation leaks into the area immediately above the pile. If the length of
time that the rods are in this intermediate position is only 2 to 2 1/2
seconds (the normal dropping time), persons in this area will receive only
one tolerance dose. If a rod should etick half way in the pile, greater than
tolerance dosage will be received. The method for dealing with such a rod
will be discussed in Chapter XII. , '

The drop safety rods normally will be suspended szbove the pile with the
lower end of the rod coinciding with the bottom face of the top thermal shield.
In thls position, the rod plugs the shield opening and reduces radiation
leakage through the opening to a tolesrable value. The rod 1s suspended by
two cables that are wound right and left handed around the barrel of the
winch, which 1s supported some 40 feet above the top of the pile. With this
method of suspension, the rod can be railsed or lowered without changing the
polnt of effective support of the rod with reference to the opening in the
pile. The winch proper comprises a braking motor, a megnetic clutch, a winch
drum onto which the two cables previously mentioned are wrapped, and a
hydraulic pump which acte as a brake to snub the fall of the rod as it nears
the bottom of its fall. The rod is tripped by de-energlzing the magnetic
clutch which allows the drum (and hydraulic pump ehaft) to turn freely due ‘o
the gravitational pull on the rod proper. As soon as the winch has unwound
Bo that the rod is 10 feet beyond the center of the pile, a mechanical device
atarte to close the exit port of the hydraulic pump, thereby breking the rod.
The rod ip completely stopped by the ¢losing of this port. The rod can be
withdrawn from the pile or lowered into the pile by energizing the cluteh and
driving the electric motor in the appropriate direction. Also the rods may
be dropped into the pile from any point of travel as they are being removed.
The rod 1s held in the out position, or in any desired intermediate position,
by &n automatic brake in the motor. The arrvangement of the safety rods ia
1lluetrated in Figure 9, —

No provislion ha® been made to cool the drop safety rods other than by
natural conductlion and convection. Por this reason, it is Imperative that
all rods be completely removed from the pile when the pile is operating,
otherwisge the neutron reaction with the boron in a rod would soon heat the
roda to an undesirably high level (5000 C or mo). As was the case for the
shim and regulating recds, aluminum wells or thimbles have been provided in
the pile for the safety rods to drop into.

Third Sefety Device . . ... .., ...

There is always a chance that the pile may shift or that other events
may teke place to prevent the desired number of drop safety rods from enter-
ing the plle at the time of impending water failure., The poseible conse=-
quences of such failure Justify the use of another sefeguard which acts even
though the pile has shifted. The device forces 1 to 1.5% borax solution into
the safety rod wells in % geconds. It may be tripped either manually from
the control room, or by low water presgsure in the risers supplying the pile.
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The equipment includes a group of five tanks placed directly on top of
the pile. ZEach tank hag a liquid capacity of 105 gallons. The liquid is
kept under an air pressure of 75 lb./sq.in. Fach tank discharges, when the
device is tripped, into & group of six safety rod wells., The dlscharge
takes place through a guick acting valve which is operated by the Prossure
of the solution iteelf. This mein valve is controlled by means of a pilot
which in turn receives its impulse either from the control room or from
low water pressure in the risera.

In addition to the five supply tanks, a solution make-up tank is
located in the elevator apparatus room and is permanently piped to the Pive
supply tanks. Adjacent to the make-up tenk are two compressed air units to
provide the pressure for the five supply tanks. One unit is active, the
other is a spare. Drains are provided so that any of the tanks rey be emp-
tled without dlscherging solution into the safety rod thimbles.

With either method of tripping the device, the flooding of the rod
vells can be carried out whether the vertical safety rods are in or out.
It 1s equally possible for the floocding of the wells to ocour simultane-
ously with the fall of the vertical safety roda.

Provislons have been made In the well arrangement to rermit the re-
moval of the solution from the well. When this operation is to be carried
out & pipg plug in the rod guide flange is removed and a flexible 1/h inch
tube {either Saran or soft copper) may be inserted all the way to the
bottom of the well., By applying air pressure to the top of the well, the
solutlion may be ejected through the tubing. This action may be supple-
mentsd by applying suction to the tube. To amsasist the removal operation,
en air geal is provided for each rod well which may be readlly attached
when needed. - _

CONTROL EFFECTTVENESS OF INDIVIDUAL RODS

The reduction in reactivity produced by the insertion of a regulating
or shim rod into the pile depends upon the location of the rod in the rile,
the number and location of other rods in +the rile, and upon the amount of
permanent poisoning in the pile. The effect of & rod veries from about
30 to about 60 inhoura (0.00075 to 0.00150 k). Since the reduction in re-
activity is determined by the square of the neutron density in the zone
where the rod i placed, the reduction cbtained is not linear; a displace-
ment of the control rod when the tip is nesr the middle of the plle produces
-many times as great an effect as when the tip is near one edge. Figure 10
glves the general shape of the curve describing the reduction of reactivity
ag a function of the location of the control rod tip., The exact form of
this curve is influenced by the same factors which influence the total ef-
fect of a red.

The insertion of a control rod into a pile not only reduces the neutron
density at the rod surface, but also reduces the neuiron density for a region
of Z or k feet around the rod. The neutron dengity 1s increased at greater

R Bk B
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distences from the rod. For thie reason, the effectiveness of any rod
varies, depending upon what other rods are also in the unit, When two rods
on opposite corners of the shim rod pattern are inserted simultaneously in-
to the pile, the reduction in k is greater than the sum of the reductions
produced by each rod alone, On the other hand, when two adjacent rods are
used simultaneously the totel reduction in k is less than the gum of the

reductions produced by each rod alone. For thie reason, calibrations of
the varlious rod arrangements can only be obtained experimentally.

OPERATION OF THE PILE

The controls thet are provided for the Hanford pile have been described
and some mention hes been made of what each was aupposed to accomplish.
Following this paragraph the use of these controls in operating a plle is
described. This is done by describing a start-up, operation, and shutdown
of a plle.

Sterteup

.; oo . - P : -

It ig assumed, in thie example, that the unit to be started up has
been shut down for 24 hours. The excess reactivity at the time of start-up
depends somevhat on the previous history of the unit (see Chapter XIII for
detalls). For the sake of definiteness, the excesa is taken as 200 inhours
(0.0048 k). Because of changes which are going on in the pile (see
Chapter XIII) the reactivity is increasing at the rate of about 17 ih. /hr,
It 1s also assvmed that all rods have been ineerted into the pile and all
instruments and controle have been checked to make sure that they are func-
tioning.

The drop safety rods are withdrawn, This should produce espentially
ne change in the power output of the pille since k 18 still below 1,000
(actually:about,0.990). It is known from previous experience approximately
how many rode will be needed to just hold the pile. The regulating rod is
withdrawn halfway and the shims are then withdrawn one by one. As the
condition at which the pile will become reactive is approached the rods are
withdrawn more cautiously. After sufficient rode have been withdrawn so
that k has beccme greater than 1.000 and the Instruments indiceate that the
power is rising, en adjustment is made with the regulating rod so that the
power doubles in value in every 20 to 40 seconds. After the power ham he-
come greeter than 1000 kw. the rate at which it is rising is adjusted from
time o time by a movement of the regulating rod. Due to & combination of
effects, the regulating rod must be moved slowly inward during the rise to
power. The ilnward motlon of the regulating rod becomes more rapid after
the pile 1s leveled off at full power. When it is nearly all the vay In,
it is withdrawn and a shim rod is substituted for it. This process must
be repeated several times until the reactivity of the pile reaches a max-
imm at about 6 hours after startup. After this maxlimum has been passged,
the above, procedure 1s reversed and rodes are withdrawn over & period of
time untll a steady condition is reached in which the regulating rod alone,

R s/s - . - 621 - 7 : ﬁ




HW-10475-SEC. B

DFCLISSIFED ==

OPERATIRG CCHNTROL

or pertaps one shim in addition to the regulating rod, remains in the pile.

ggeratioi _ T

Am 1ong ag k remains at uwnity, the power output of a plle remains
constant, In order to railse the power output the multiplication congtent
must be increased to some value greater than unity by partially withdrawing
a reguleting rod from the pile. The greater dlstance the rod 1s withdrawm
the gwrester is the rate of rise in power. In the exsmple following, it 1s
aspuned that the plle has been operating &t the constant power ocutput of
1000 kw. and it is desired to raise the power to 1500 kw. The regulating rod
1s withdrawn from the pile 10 inches, producing an increase in k of 0.0001,
Accarding to Figure 1, the power eventually increases with a period of 1000
seconds. Initially, however, the power increases at a somewhat faster rate.
An approximate equation for calculating the increase in power that takes
place in the firat fraction of a second im:-

221
Po

= 1 +«100 k

Substituting p, = 1000 kw. and ko = 0.0001, we find that the power output
immediately after the rod 1s withdrawn 10 1nches 1s 1010 kw. During the next
20 meconds, the power increases according to the following approximate equa-
tion, where t 1s the eleapsed time in seconds.

22z of20met)
Py )

The powsr Py after 20 seconds elapsed time would be:-

1010 o¢%00ke)

or 1050 kw.

If no further control rod ad)ustments were made, the pile power would
Increase to 1500 kw, in about 360 geconds. It 1s expected that after the
power oubput reaches about 1h=0 kw., the rate of power increage would be
diminished dy pushing the rod into the pile a few inches. Additional
Incremental adjustmente would be made so that when the power output reached
1500 kw. the control rod would have been pushed back the entire 10 inches to
the place vhere k was again unity. The pile would then continme to operate
at this level until another change was made in k,_

In the above exemple, the power output was so low that changes in the
pile resctivity with power were neglected. The following exsmple ie more
representative of condltiona encountered in actual practice. The original
power level ie 240,000 kw. and 1t is desired to raise the power to 250,000
kw., Before the change the pile resctivity is in a steady state and the re-
gulating rod ls moving at the rate of only a few inches per day. The control
rod is withdresm 15 inches and the power begins to rise very much as in the
preceeding oexample. However by the time the power reaches 250,000 kw. the
increased metal temperature has reduced the reactivity by 2 inhours. TFor
this reason, the rod will be further out just after the pile has leveled at
250,000 kw. than when it was leveled at 240,000, ~ The temperature of the
graphite approaches ite new value gradually over & perlod of an hour, and

- 622 -
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as this occurs the reactivity of the pile incresses and the rod must be moved
In. The changs of power sets up a transient change in the xenon poison which
continues over 1 or 2 daye before & new eteedy estate ip reached., Figure 11
ghowa the rod motions described above.

Two speeds of control rod motion have been provided. If small changes
in power output are Indicated, the low speed ig used; if larger changss are
rag_uired,; the high apeed is used.

Shutdown of the Plle

Normal

The i:ile reaction can be ghut down by running the regulating rod and
shim rode into the pile uaing the reguler operating drives. Shutdown can
also be obtained by mamually tripping sny one of the safety circuits.

Emeréency Shutdown

Three different mechenisms have been provided for rapidly shutting the
pile down in case of an emergency. These are:- a) rapld insertion of the
shim rods using the hydraulic fluid stored in the accumulator, b) the drop
safety rods, and ¢) the so-called third safety which discharges borex
solution into the thimble wells of the drop seafety rods, In addition to the
above, an annunciator system has been provided that will give a signal when
certain off-standard conditions develop.

The events that will trip these safety devices are listed below:~

1) Drive shim reds into pile. _ .

a) High power output signalled from an ion chamber

b) Tow level of hydraulic fluid in any one of the three
accumilators

c) Manuel push button
2) Drive. in shim rods and also drop the safety rods.
a) Low pressure on chilled or unchilled water headers

b) H‘Lgh ﬁoﬁer oﬁt;ut as igrxéllé_cl from ;ny one of three
ion chambers

¢) Power failure

d) Manual push button

R 5/”’5 - . : . 623 - B _
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Farce borax solution into drop safety rod welle.
a) Extremely low pressure on inlet water headers

B) Manual o -

Any one of the following conditions, which represent abnormal opsration,
will cause the sounding of an alsrms:a

1)

2)
z)
L)
5)
6)

R 5/45

High or low water premsure on any one of the 2004
tubes in the plle.

Abcumulator approacghing a 710& or high level. .
Low accumulater sump oil level, _

Low pressure con cooling water to thermal shield.
Low water level in high tank.

Low flow on control rod cooling water.
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CHAPTER VI - CONIROL OF THE PILE REACTION
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Multiplication constant, 60%
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HANFORD ENGINEER WORKS TECHNTICAL MANUAT,

SECTION B - PILE _

CHAPTFR VII - CONTROL POINTS AND INSTRUMENTS

It is_ imperative that operation of the Hanford Piles be maintsined’ con-
stantly at the peak of efficienc

amount of product in a minimm ¢
process requires remote operation,
provided. This instrumentation 1g

y and safety, in order to produce a maximum
ime. Tor this reason, and the famct that the

a large amount of instrumentation has been
described in the present chepter.
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CONTRCL POINTS

The Ehnfcrd pile inatruments and controls mey be classified according to
function into two general groups:- a) power level measurement and control,
end b) auxiliary measurements and monitoring systems, Power level measure-
ment 1s important from a production stendpoint because the power level is
directly proportional to the rate of product formation. The second group
includea measurements and controls designed to give supplementary information
regarding pile performance and to insure that no conditions exlst which might
damege the pile or 1tes equipment. ZIExamples of the second group are cooling
water information, hellum supply, and miscellaneous temperature measurementa.
The principal mwasurement and control points of the pille are shown in Figure 1.

The pile i8 operated from a single pomition, known as the control room.
In this room all the necesgary controls and indicators are located. A plan
view of the control room is shown in Figure 2. This figure, and Filgure 3
(a viow of the main control panel), show the location of the particular items.
However, the instrumentation 1s discussed here in the order of function rather
than poaition ian the control room.

Signifilcence

Power level measurement le most important becaues it affords a method
of determining the rate at which the product is formed. The amount of
product in the metal (necessary in arranging the charging and discharging
schedules) at any time can be calculated from the integrated power. It has
been eatablished that a production rate of 1 gram in 24 hours generates
glightly more than 1,000 kw. Another importent reason for measuring the
power output ip to confine 1t within safe coperating limits.

Mathods of Meagurement

The determination of the gquantity of heat tranaferred to the cooling
water 1s the most direct method of measuring the power level of the plle.
The ingtruments which make this measurement are described in the discussion
of cooling water insiruments. The requirements of satisfactory pille control,
however, are such that it lm necessery to control the plls power by meana
of variables which reapond more rapidly than the temperature of the cooling
water, Since the instruments which measure the neutron flux in the plle are
fast operating, they are used as the primary control elemente. Four main
types of neutron detectora are used:- ion chambers, neutron thermoplles,
BFx countere and foils.

i
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MAIN CONTROL PANEL

1) LN recerder operated by Beckman micro-’
micreammeter and neutren chember vnder
the pile, Beckman #2

2) 14H recorder speveted by Beciman micro-
microammeter and chamber monitoring water

" metivity in the downcomer, Beckman #

2} Multi-point L&N recorder opereted by
Beckman micro-microsmmeter end neutron
cherbers under the pile, Beckmans 3 end L

%-5) Blank panels

6) Continucus single-point recorder recerding
positicen of regulating rod in uee

£4) Toggle switeh for selecting regulating rod

) kb te recorded at & ! Co

7} Voltmeter and switch for measuring vattery -
voltage in galvancmeter syutem

8) Switches €5 by-pess first "out” tlmit gwitches
on shin rods :

9) Hine svitchea for cutting the o Selsyns in and
out of mervice
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10) LN circular chert recarder for d1fferential

" power level indicetor ‘

11-19) Hine Selsys indicating the position of T
ghim and 2 reg. roda. ‘Reg. rode are 11 and 13

Green Light over each Selsyn showe when rod is
¢/ all in, red light shovas when rod 1a ell out
20)- Fange switch for differentlel power level

- indicator

21) Shunt for level galvenometer .

22} Duplicats Selsyn for 1 regulating rod

- 25) Ground glass scalo For level galwmometer

24 Crownd glass scale for deviation galvenoneter
25) Twenty-eight drop anmunclator
26; Duplicats Selayn for #2 regulating rod

Stunt for deviation galvanomster
28) Indicating meter for Beclkman #1

' 29} Indicating meter Tor Beckman #2

20) Indicating meter For differential powar

level indicstor
71) Indicating meter for Beclman #=
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FIGURE 3

32; ‘Irdicating metor for Beckman #4
32) Push button to drive In the T ghin reds st
“high gpeed. Can be locked down with key

24) Blectric interval time

25) Electric clock with sveep second hand

26) Pugh button operating #1 safety circuit. Can
be locked down with key

27) Alarm lighte for discharge waber mealitor

28) Todicating lights for deors into discherge

. arse &t 0', 107, 20', and 30" lesvels

29} Switch to sslect regulating rod to be
operated

h0) Duplicate of 39 for other control rod. Inter-
locked Bo only 1 rod &t & time can bs operated

51) Switch for high speed, lov speed selsction of

. one regulating rod
L2) Switch for direction eelection of one reg. rod
4z} Switch for high spsed, low speed selection of
.- other regulating xrod

uJ gwitch for divection selection'of other | !
regulating rod ’

45) Switch to move a shim rod in either direction.
Graen light above swiich indicates if pump
controlled by thls ewitch iz in opereticn

56) Ten-point eslector switch far eelecting which
- of the 7 shim roda is to be moved !

47} Duplicate of k5 for second hydrsulic pump

4B) Green lights show wien accumilator levels are

| ebove normal operating height

49} Amber lights show when the accmmulator levels

. are just below nerwsl operating helght
50) Red 1lights show when lsvels have dropped to &
" point where the "low" annunclator flags drop

51) Five indicator Lights show green when safely
rod power, shinm rod power, #1 reg. rod power,
#2 reg. rod pover, and instrument pover are on

52) Keys for locking power off, on the ahove
systems

z5kg55) Fifteen key by-pasa gwitches for by-
pasaing various safely circuits as necessary
dwring vepeirs and maintensnce

56) Control for withdrewing or lowering sefety
yods individuslly or in groups, depending
upon setting of individual rod centrola

57) Controls for tripping 29 safety rods individ-
ually. Green light gbove sach contrel
indicetes when rod-is in, and red light shows
when rod ie oud )

58,59) Switches to turn on shln rod pil pumps

60) Belecter suttch to p}lt "a" hole neutteon

\

" lehamber on bither #2'Beckmen or the
galvanomoter
1) Switch to operate both shim rod pumps simul-
tsnaously to drive rods et twice normal speed

42 RBec t button For slarm lights (37)
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An ion chamber 1s a volume of gas which contains two or more electrodes.
Ionization produced in the ges by radiation impinging on the chamber pormits
a flow of electric current between the electrodes which is proportional to
the inteneity of the ionizing radiation., When thls current 1s amplified,
1t cen be recorded or made to conirol various mechaniems,

Inside an jon chember for messuring neutrons the electrode surfaces
are coated with a boron compound., An easily ionized gas euch as argon is
soaled with the chember. Neutrons striking the boron coated surface are
captured and cause alpha particles to be ejected into the gas filled space
between the electrodes. These alpha particles produce a lerge number of
‘charged gas fragments, called ions, which are attracted to the electrocdes
of opposite charge. The electric cwrrent mentioned above 1s the result.

The primary neutron level indicator is a neutron ion chamber located
in Experimental Hole "A" on the far side of the pile. Current from this
chamber and hence the neutron flux is indicated on iwo galvanometers at the
main control desk. No, 1 gelvenometer deflects in direct propcrtion to the
neutron flux while the No. 2 galvanometer indicates the deviation of the
£lux from an arbitrary level. This differential galvanomster aystem functions
by passing the neutron chamber current through a known resistance and measur-
ing the voltage drop acrosa this resistance with a Type X2 potentiometer. The
galvanometer indicates the difference between the resistor and potentiometer B
voltages. B

Since a neutron chamber is sensitive not only to neutrone bdut also to
gamma radiation, the "A" hole chamber has a background current which is
created by gemma radiation within the pile. In Order to read the neutron
intensity only, & chamber which hag no coating, and therefore is sensltive
only to gamma rays, is installed in Experimental Hole "D" and also delivers
current to the galvanometers. The "D" hole chamber is conmected so that
its cwrrent is oppomite in sign to that from the "A" hole unit. The jon
current due to gamme radiation on the two chambers can be made to be equal
by moving one of them in or out of ite hole., In this way the background
current from the meutron chamber can be cancelled and small neutron inten-
sities cen be detected.

.- i e e e ey s . -

Your additional neutron chambers located under the plle are used to
record neutron level of .the pile and provide a means of operating the safety
circuits. The ion currents from three of these chambers are amplified by
Beckmar micro-microammeters so that they are sufficiently large to drive.
Micromax recorders and to operate relays to trip the safety circuits to
shut down the pile 1f the levels become too high, The micro-microammeters
algo drive indicating meters at the control desk_so the readingg can be con-
veniently cbeerved by the operator. One neutron chamber under the plle ia
a mpere unlt to be ueed with galvenometers in cage "A" hole chamber fails.
None of the chambers under the pile are provided with arrangements for elim-
inating background currents due to gemma radiation.

A gqima ray chamber also serves to indicate_the pile level by measuring
the gamms radimtion emitted by the pile discharge water which 1s passing

R 5‘/1{.5 ’ - 107 - - -
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through the downcomer. The current from thie chamber, like thome from the
chambers under the pile, is amplified by a Beckman to operate a mster on
the control desk, a Micromax recorder, and to initlate the safety circuits
1f undesirebly high levels are indicated.

Neutron Thermopile ) i . R

z Tl .

A neutron thermopile, installed on either "F" or "E" Experimental Holes,
detects neutrons by measuring the heat gonerated in boron which is deposited
on the hot junctions of the thermopile. The heat produced is proportional
to the neutron intensity impinging on the device; therefore, the thermo-~
electric voltage indicates the flux density. The thermopile voltage is
measured by elther a sensitive amplifier or a potentiometer. When the latter
method 1s used, a system equivalent to the No. 2:galvanometer 1s obtained.
The galvanometer located at the control desk shows the difference between the
thermopile and polentiometer voltages. -

BFz Counter o _ _ _ L =
2L X _wOUNLer - s

During an initial metal charging operation or for subseguent start-ups
of the piles, continuous monitoring of the neutron intensity at extremely low
pile levels is necessary. Fortunately, e method is available whereby indi-
vidual neutrons mey be detected and counted. This method involves the use
of a BF: proportional counter inserted in one of the process tubem of the
pile or’under the plle with the neutron chambers. The proportional amplifier
is located near the counter and the scaler and mecheanical reglister are loca- -
ted in the control room, : - - = - DT

The BFx counter tube 1s capable of emitting an electrical pulse for each
neutron or Zammse ray that enters it. However, the design 1s such that neu- _
tron pulses are considerably larger than those resulting from gamms rays and
the amplifier is arranged so thst the larger neutron pulses are accepted and
passed to the scaler while the gamms ray pulses, if not too numerous, are
rejected. The acaler i1s an electronic circuit capable of reducing the number
of counts received by some factor, such as 512. This reduction ig necesgary
becauge the rate of pulse arrival is so high and irregulsr that a mechanipal
counting device is not fast enough to count them directly. The actual number
of particles intercepted by the BF: counter is found by mltiplying the number
of counts recorded on the mechanicdl recorder by the scaling factor {for
instance 512), and adding the counts still left in the scaler. The number of
counts per unit-time is proportional to the nsutron dengity or power level.
An alternate method of obtaining the ssme date involves the use of a pulee
rate meter instead of a scaler. By means of this electronic differentiating
device the rate of neutron pulse arrival is directly indicated on a meter or
recorder, : : : o

Folls N

During operation 1t is desirable from tims to time to make direct meas-
urements of the neutron intensity by nucleax phyeical methods for celibration
end other purposes. This may be done by exposing thin Polls of certain netalis,
such ag indium, to neutron bombardment inside the pile. Thig treatment causes
the foll to become proportionately radioactive; the beta activity of the foil
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is then measured with & Geiger counter. From thia inforuation neutron
density cen be calculated. TFolls may be inaserted in any of the six teat
holes in the pile on the side opposite the control rods.

POWER LEVEL CONTROL

Mothod

In ofder to maintain the power output at the desired level and to
provide & means of ehutting down the plle when necessary, & method of con-
trolling the noutron density is required. This is accomplished by inserting
into the plle the correct quantity of a materiel that has the property of
capturing & portion of the free meutrons, The material used is boron, which
is epplied as a coeting on rodes called control rods. If the rods are ilnger-
ted beyond a certain point, more rieutrons are abdorbed than are manufactured
and the reaction falls off at a proportional rate. If the rods are withdrawm
beyond this point, the neutron "birth rate™ will exceed the "death rate" and
the power level will increese exponentially. At some critical point the
power level remains constant; this is the pobition at which the rods are held
during operation. There are 38 control rods for each pile, distributed as
Pollows:~ 29 mafety rods, 7 shim rods, and 2 regulating rods. The safety
roda are located at the top of the pile and are completely withdrawn during
operaetion. Their principal function is to shut down the pile rapidly in case
of abnormal opsration. The shim rods, located at one side of the plle, are
employed to make large adjustmente of the meutron reporduction factor or "k".
They ere also inserted into the pile in the event of abnormal operation. The
reguleting rods, identical with the shim rods except for their drive mecha-
nism, are located at the side of the plle along with the shim rods. Thelr
function is to meke fine adjustments of the neutron reporduction factor 80 88
to cause a amall increase or decrease in the power level. They are used in
routine operation with manual control.

Safety Rods

Tt 18 of extreme importance that provision be made for reducing rapidly
the pile power output in the evenit of abnormal circumestances which would ,
permit the power output to become oxcessive or would result in serious damage
to the equipment. In anticipation of such occurrences, 29 safety roda have
been provided. Any of a number of abnormal conditions break an electrical
circuit, which releases the holding mecheniems of all safety rods simultane-
ously. ‘The detalls of these safety clrcults are discusged later under =a
separate heading.

Bach safety rod is suspended by cables from individual winches which
are driven by reverasidle electric motors through a magnetic clutch. With
this arrangement, each rod may be raised or lowered alowly by 1ts motor, or
the rods may be individually released from their motor drives to that they
a1l into pleace by gravity. The controls for manual operation of the safety
rods are located at the extreme right slde of the panel. A three-position

| bt
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switch for each rod is labeled "Trip", "Stop", end "On".

In the "Irip" position, the particular rod, through interruption of the
magnetic elutch clrecuit, ie releaped from the motor drive and falls fresly
into the pile. When the control is switched to "Stop" the clutch is re-
engaged &nd the rod, 1f stlll falling, ie brought to a halt. In the "(n" .
position, the magnetic clutch remains engeged but, in addition, the reversi-
ble motor circult is connected to the master switch loceted at the top of the
individual rod controls. Movement of this switch from the neutral to the
"Up" or "Down" position moves all rode whose individual swlitches are in the
"On" position, in the corresponding direction. No combination of these
controls cen prevent the No. 1 sefety clrcult from simultansously relessing
all rods from their drives to fall by gravity into the pile. The extreme
"Up" or "Down" position of each rod is iIndicated by the burning of 2 red or
green light over each individual contrel awiteh.

Shim Rods

Ap the nmme implies, the shim rode are used for "shimming" or "filling".
When all safety rode are withdrawn, 1t is necessary to have some of the shim
rods part way in the pile to abeorb the excess neutron reproductlion factor
and prevent the power level from getting out of hand. Actually, an inter-
locking clrcult prevents the withdrewal of any shim rod until all safety rods
are pulled ont of the pile. The shim rods may then be withdrawn one at a
time until the exact adJustment of the reproduction factor to unity falls
within the range of the regulating rods. o

A second function of the shim rods is to effect a shut down (No., 2
safety circuit) when abnormal conditions occur. This function is covered
in the diecugsion on shut-down cireuits in this chapter.

On one slde of the plle are nine rods in a three by three pattern. The
two top outslde rods are regulating rode, and the others are ahim rods. All
nine rods are identical except In the drive mechanism; the shim rod drives
are hydraulic, while the regulating rod drives are electrically actuated.
The drive mechanisms for these rods are illustrated in Figures 6 and 7 of
Chapter VI in this section of the manual. All of these rods are water cool-
ed since they are partly in the pile during operation.

Msans for controlling the shim rod motion and indicating the positions
of the rods are available to the plle operetor st the control panel. On ‘the
gloping panel are a multipoint selector switch and three three-position
s¥itches umed in controlling the rod motion. Since only one shim rod can
be moved at a time, the melector swiich is rotated to the point correspond-
ing to the rod to be moved in or out. Two of the three switches control the
position of an eccentric on two oil pumps. Either pump or both pumpe will
drive an oll motor to drive the selected shim rod. When one pump is turned
on, its corresponding switch can be used %o drive the red. If both pumps
are operating, the third three-position switch lg used to turn the oll motor
at twice normal speed and drive the rod at high speed.

Thefposition of each shim rod 1s always precisely indicated by a device
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Inown as a Selsyn, which in rrinciple is simply & synchronous motor driven
by a synchronous generator. The Selayn tranemitter is geared to the shim
rod while the Selsyn motor is commected to a dial on the control panel.
Electrical cirouits comnect the two parts together. Whenever the rod im
moved, the armature of the Selgyn transmitter turne and changee the phase
relationship of the electrical cirouit which in turn causes a corresponding
movement of the Selayn motor at the control panel. Thue any rotation of
‘the Seleyn geared to the control rod is exactly repeated by the motor and
dilal at the control panel. The letter, calibrated in inches, indicates the
rod position within 0.1 inch. Indicating lights ebove each Selayn at the
control desk show the extreme positions of the rods. A green light indi- P
cates that a rod 1s entirely in the pile and a red light shows that it is

. complete%y withdrawn, ‘ -

Regulating Rods

After the neutron reproduction factor has been adjusted nearly to ity
with the shim rods, the regulating rods are employed to maintain a constant
power level and to raise or lower the power level am required. There are two
regulating rods, each equipped with manual controlling equipment. Only one
regulating rod 1s used at a time; the other serves as mn additional ghim
rod, but can be used as the active regulating rod at any time, at the opera-
tor's discretion. An interlocking circuit permits only one regulating rod
to be moved at a time. - . -

. All the controls for moving the regulating rods are located on the right-
hand sloping panel of the control desk. Tn the controls for a rod, the upper
switch is used to turn on the manual control, Foér control one of twe rod
speeds 1ls gelected, using the switch at the bottom which connects the high
speed or low speed electrical driving mechaniem to 2 circuit controlled by
the remaining switch. The latter switch ig a three-position switch which
always asgumes the center or “off" position when not held depressed to the
"In" or "out" position. The operator, therefore, must have his hand on this
ewitch at-all times: when the rod is being moved in or out. o

Selsyn indlcators are used to show the positions of the regulating rods
along with the seven shim rods. A single point recorder maintains a continu-
. ous record of the movement of the regulating rod which is actively in use,
Both rregulating rods are equipped with limit switches and indlcating lights !
in the same manner as the shim rods.

INSTRUMENTS FCOR MEASUREMENT OF CODLING WATER

General _

The supply of cooling water to the pile 1s one of the most important
features of the procesas. If it were not for the flow of tremendous quanti- L
tles of water through the tubes, the evolution of heat would soon raise the
temperature to dangerous proportions., For this reason,. the pile is equlpped

with numerous instruments pertaining to the cooling water gupply as well as
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with devices to shut down the pille in the event of failure of water supply.
The pile operator has 1.0 direct control over the cooling water verlables.
The instrumentation in the control room is for information and safety shut-
down only. The instruments will be discussed according to their function,
such as, measurement of temperature, flow, and preasure; end their use in
calculation of power output.

Temperature Measurement

w

Instruments in this category provide both inlet and exit temperature
messurements. On the inlet side of the pile, the water is delivered to the
tubes from four risers, two for chilled water, and two for unchilled water.
The water temperature in these rissers is indicated and recorded by four
Balley combination temperature and flow meters located on the inlet water
panel. These meters are shown in Figure 4, which aleo shows the relative
position of the other instruments dealing with the water supply. These
instrunents have no control function, but the data are used in automatic
power calculation. Additional inlet water measurements for a different
purpscse sre msde on each side of a valve in the by-pass line between the
"chilled and unchilled headers. If both of these temperatures are low, it
is apparent that chilled water is being spilled iInto the unchilled header,
but if baobth temperatures are high, unchilled water im flowing into the
chilled header. Under normal conditions each point should Indicate the
temperature corresponding to thome of the chilled and unchilled water supply.
These temperatures are measured by reslstance thermometere and are recorded
by a two-point recorder on the inlet water panel.

Temperaturee sre measured at considerably more polnts on the exit side
of the water supply, for the obvious reason that greater variation in temp-
erature 18 possible et these points. Exit water temperature measurements are
made of:- a) average exit temperature of the water from the tubes, b) water
temperature from each of the nine water ccoled control rods, and ¢) each of
the EDoh‘tuhes. The teumperature monitor panel is shown in Figure 5.

The average water temperature, measured at the exit water header, is
shown on a combination meter at the left of the inlet water panel., This
information is used in automatically calculating and recording the power
output. On the Miscellaneous Panel, shown in Figure 6, is a four-point
recorder which records the temperature of:- a) thermal shield, b) main
discharge header, and c) metal storage exit water. This leaves one spare
point. =

The exit cooling water temperatures from the nine water cooled control
rods are indicated and recorded at the Mimcellaneous Control Panel. The
indlcating instruments are large dial thermometers and records of the sams
temperatures are maintalned on three fouwr-point Micromax recorders. Thls
information ig useful in adjueting the rod water supply valves in the ap-
paratus room,

Temperatg;Q_Mbnitof

It is necessary to monltor the behavior of éach individual tube because
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Water pressure, left-hand
unchilled 20" rieer

Total flow, rate of heat transfer
(kv.), and temperature difference,
recordey

Flovw and temperature recorder,
left-hand unchilled 20" riser
Kilowatt calculator (blank door)
Flow converter (blank door)

Main steam pressure

Stand-by filtered water pressure
Stand-by raw water pressure,
valve pit

Water preassure, left-hand chilled
20" riser

Water pressure, chilled header at
valve pit

Water pressure, unchilled header
at valve pit

Flow and temperature recorder,
left-hand chilled 20" riser
Two-pen pressure recorder, —
chilled and unchilled headers at
valve plt

Temperature dlffersntial
converter (blank door)

1%5)

1)
17)
18)
3
21)
22)
2z)
2l )
. 25)

26)

- 703~

Two-point temperature recorder,
temperature each side of valve
in by~-pass betwsen chilled and
uttcrilled headers

Water preasure, left-hand high
tank

Water pressuwre, right-hand high
tank

Inlat water pressure, thermal
ghield

Instrument air pressure

Water pressure, right-hand
chilled 20" riser

Water pressure, right-hand
unchilled 20" riser

Flow_and temperature recorder,
right-hand chilled 20" riger
Flow_ and temperature recorder,
right-hand unchilled 20" riser
Two-point recorder, high tank
levels

Flow recorder, water to thermal
shield

Storage tank lesl 1ndjcating
lights
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‘111&15) Jacks for plugging recorder mto

INSTRUMENTS
TEMPERATURE MONITOR

1%2) I&N single-point recorders

3&k) Retractable plugs for I&N recorders,
land 2 respectively

5&6):Brown high speed recorders = | il

788) Retractable plugs for Brown recorders,
5 and 6 respectively

9) Jack for monitoring 200k tubes
10) Jack for monitoring 1002 tubes.
11) Jack for monitoring' other 1002 tubes

12) Jack board contalnmg 8 Ja,ck for each
‘Lndlviciual tube ‘

13) Five rows of )+O plugs sach for:
plugging into 200 op lese jacks on 12
: |‘

200 tube gystem

ﬂ]HlSSﬂ.’Hﬂ

. 16} Forty: indieator: 11 ghts

L7} Row skip switches

18) 200-point repeat: switch

19220) Monitor starting switches

21) Row selector switch -- rows 01-23

22} Row selector switch -- rows 2# h6
|

25&2#) Switches to run Brown recorders. on
8ingle points ' |

J4N914

ON AdOD

%9
g '03S-84v0i-MH

. D s3mas




> DECLASSIFIED

HW-10475-5EC. B

copy no._ 03 series ¢

FIGURE 6

MISCELL ANEOUS CONTROL PANEL
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20 29 30

2l 32 31

1) Helium exit pressurs

2} Helium inlet pressure

%) #1 regulating rod exit water
Pro8sure

L) #2 regulating rod exit water
predgéure

5) #1 regulating rod exit weter temp.
63 #2 regulating rod exit water temp.
7

Four-point recorder for:
a} % air in helium 0-100%
b) % air in helium 0-24
¢) % HoO in helium at pile exit
d4) % HpO in helium at semple
point 0-1%
8) Two-point recorder for:
a} helium temperature into pile

b) hellum temperature out of pile

9) Two-point recorder,
helium inlet and exit activity
10) Recdrding flowmeter,

helium cireulation rate into plle

11) #2% shim rod exit water pressure
12) #4 shim rod exit water pressure
1%3) #5 shim rod exit water pressure
14) #6 ehim rod exit water pressure

—-715—

15) #B;Bhim rod exit water temp.

16) #4 shim rod exit water temp,
17) #5 shim rod exit water temp.
18) #6 shim rod exit water temp.

19) Four-point recorder, exit water

temp. of roda #1, #2, and #3

. 20) Four-point recorder, exit. water

temp. of rods #4, #5, and #6
21) Four-point recorder, '
miscellanesous exit water temp.

. 22) #7 shim rod exit water pressure

22) #8 shim rod exit water pressure
2k} #9 shim rod exlt water pressure
25) #7 shim rod exit water temp.
26) #8 shim rod exit water temp.
27) #9 shim rod exit water temp.

. 28) Pile exit water pressure

29} Four-point recorder, exit water
temp. of rods #7, #8, and #9

20) Indicating temp. potentiomster

and %2 DPDT toggle switches
Z1) Fo@ir-point temperature recorder
controlled from =0

%0) Selector switch for "B" and "T"

thermocouples
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a stoppage or any other ebnormal performance of a single tube, elthough of
major importance, cannot be detected by overall memsurements. Continous
readings of tube outlet water temperatures are not considered essential
because conditicna affecting single tubes would develop gradually. Pro-
vision is made therefore for periocdic measurement of individual tube ‘temp-
eratureq, -

Thermocouples located in the outlet stream of every tube are connected
to a panel similer to a telephone switchboard, with a jack correaponding to
each of the 200k tubes, and in the same pattern., This temperature monitor
is shown in Pigure 6. Thisg device automatically scans and records the oxlt
vater temperatures of all tubes. Although automatic, the device is flexible,
as Indicated by the following: - _ :

1) All 200% tubes may be monitored at the rate of 30, 4o
or 60 tubes per minute.

2) The temperatures of any horizontal row may be measured
at any time without waiting for preceding rows to be
monitored. .

3) The upper and lower halves of the tube pattern may be
monitored simultansously by two separate recorders.

4) Any 200 tubes in any order may be monitored in suce
cegsion,

5) The temperature of any two tubes may be continuously
measured and recorded.

The type of monitoring used depende upon the sugpected condition of _ . -
the tubes at the time. TP there is no reason to suspect unsatisfactory
performance of any tubes, the monitor is adjusted to run through the entire
200k tubes at regular intervals. The tempsratures are recorded on one or
both of the Brown high gpeed recorders and the individual temperatures ap-
peer as slight discontinuities in the record. Indexing voltages at the
begimning and end of each horizontal row alds in finding thes tube corre-
sponding to each particular point on the record. ZEach horizontal row of
tubes im scanned from left to right, starting at the bottom of the rattern.
Co-ordinate lights at the four sides of the pattern indicate which tube ig
being messured st the moment, ,

Should suspicion be aroused about a limited number of tubes (less then
200), these tubes, only, may be monitored by making the proper comnections
with the plug cords. If onme or two tubes are particularly troublesome,
their temperatures may be measured and recorded continuously. _.

Flow Measurement —

A measurement of cooling water flow ig neceasary to be certaln that the
plle is getting the required amount of water and to calculate the power out-
put from tpe flow and temperature rise.

R 5/b5 - 716 - ,_ o
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The water flow through the four inlet risers is measured by orifice
meters located in the pipe trenches. The flow impulses from the four meters
in the valve pit are electrically tranemitted to four Balley flowmeters
located on the Inlet Water Panel (Figure 4). These same meters also record
the temperatures of the same water lines. The total flow is recorded on the
multipurpose instrument at the extrems left of the pansl.

The flow of water through the thermal shield 1s also recorded on a
meter at the lower right-hend corner of the Inlet Water Penel. The neutron
absorption of the thermal shield requires about 250 gal./min. of water for
cooling purposes.

Power Measurement

The power output of the pile may be obtained by multiplying the water
flow rate by the temperature rise. This is done automatically and continu-
ously by mechanliems situated on the Inlet Water Panel., The four flowmeters
transmit impulses to a flow converter, located behind a blank door on the
panel. The temperature rise beiween the four inlet headers and the exit
header, is measured by the temperature converter. The date supplied by thesse
two Instruments are combined by the kilowatt calculator to give four power
values., The four power values are then totalized and recorded in the upper
left-hand recorder on the Inlet Water Panel, which also records the total
flow and exit water temperature.

To aid in maintaining precise power levels by providing an accurate
measurement of pile power, a speclal power level indicator 1s provided.
This inetrument measures the difference in temperature between the outlet
water and sny inlet riser or the normal water cross header in the valve pit.
It internally mmltiplies the tempersture difference by the rate of water
flow, which is manually set on a dial on the instrument, and records the
total pile power at the control desk. This power indicetor hag a number of
rangee; those In the 250 megawatt region are 20 megawatts wide. Power levels
accurate to 2 megawatts are indicated and recorded by this device.

Pressure Mpapurement

The water pressure must be high enough to maintain adequate cooling
water Plow through the pile. Should any circumstance cause the water pres-
sure on the inlet side of the pile to drop below a predetermined value, the
Tlow through the tubes would not be enough to remove the heat. For this
reason, pressure operated switches are attached to each of the four risers.
These Bwitches trip the gafety circuits and shut down the pile, should the
pressure drop too far.

The water pressure on each of the four risers ig indiceted by dial
gauges directly above the four combination flow-temperature recorders on
the Inlet Water Panel. The pressure on the chilled and unchilled headers
In the valve pit is also indicated on two dial geuges and recorded by a two-
pen 1nstrument on the same panel. —
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The water preésure on the stand-by and emergency systems end the
thermal shield water supply is indicated by dial gauges located on the
Inlet Water Pansel.

weee DECLASSIFIED

The foregoing discusaion has dealt with the overall pressure measure~
menta of the inlet water supply. The water supply presaure to each of the
2004 tubes ls also constantly monitored. The reason far this 1s that wvalu-
able intormation can be obtained about the flow conditione through each
tube. The following exampies show how the Individual tube pressure may be
interpreted in determining sources of troubla--—.

Tube Presaure Header Pregpure Probable Trouble

Low Low Header pressure too low, tube condi-

tion satisfactory

Low _ Normel Tube undamaged but screen partially
o T plugged, flow reduced

High Normal CObatruction, such as scele, in tube
with reduced flow or orifice enlarged
with increased flow

Thia type of informstion, together with data on the exlt water temp-
srature from the ssme %tube, when properly interpreted, cen be used to
diagnose abnormal performance of Individual tubes.

The pressure on each tube inlet fixture isg brought separately into the
plle control room to a three-section valve rack behind the gauge board. At
this point each pressure line 1s commected to a small two-way valve by which
the individual gauge may be comnnected to its respective tube, or to e master
gauge for calibration purposes., There 1ls a master gauge for each of the
three valve rack sections. A portion of the valve rack and gauge board la
shown In Pigure 7. -

The 200k individual preassure gauges are unique in that they are espe-
clally designed to occupy the minimum amount of spece on the gauge board.
Even so,” the board is 24 feet long and nearly 9 feet high. The gauges
have, inetead of the usual dial face and polnter, a rotating drum set be«
hind the panel. ¥From the front of the panel only a small portion of the
drum is visible through a slot; the drum is translucent and illuminated
from behind by an electric light., In appearance, it is similar to that of
some gtyles of radio dlals. The drum is calibrated sc that a visual ac-
curacy of about 1 pound can bhe obtalned. Adjustable red and green sectors
are added to the translucent scale so that high or low pressures will cause
the green or red sectors, respectively, to show through the slot. At nor-
mal pressure only a white sector 1s visible.

- 718 -
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ONE OF 3 SECTIONS)
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VALVE RACK )

~

TO TRENCH
TO PILE FACE.

GAUGE RACK
{ONE QOF 3 SECTIONS)

N

1) Master gauge - -
2) Valve assembly, one for sach tube and individual Panellit gauge
3) Horizontal gauge header
h) Master gauge riser connecting all horizontal gauge headers
5) Individual Panellit gauge, cne for each tube L
6).Detail of valve agsembly =
7) Detail of Panellit gauge - : :
8&9) Series relay conmections
10) Pressure connection
11) Transparent slot _ . _
12) Rotating pressure indicating ‘element. Shows white at normsl
_pressure, red on low pressure, and green on high pressure
13) Conduit for 3/16 outside diamster copper tubes to pressure gauges
1h) Indicating lights
15) . Two-way valve, connects Panellit gauge to elther master gauge,
“or to tube pressure connection -
16) Needle valve to shut off individual Panellit gauge ae necessary
17) Line to Panellit gauge
18) Line from next valve on left to ita corresponding tube _
19)_L1ne from next valve on right to its corresponding Panellit gauge
20) Line from tube at pile face . . _ - _
21) Header to master gauge -
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Adjustable high-low contacts are also provided so that an electrical
circuit may be broken In the event of either high or low pressure. All
the contacts in each row are comnected in series to a relay, and all the
relay contacts are likewisme cornnected in serles., Should any gauge show
pressures_outside of previously set operating limite, the breaking of the
electrical circuit will cause the annunciator to drop and indicate the de-
parture ﬁgom normal.,

Water Activity Measurements

As the cooling water traverses the plle, elements within 1t are e
activated. By messuring the activity in the water it is possible to deter-
mine the normal intensity and detect incresses in activity which might
result from abnormal conditions. The following two systems provide contin-
uous water monltoring, = - . : -

Discharge Water Monitoring for Jacket Failure Detection

A cyclic vater sampling system is installed in each of six water S
sampling rooms Iin each Pile Building. These systems continually take samples
of water from the ends of the discharge headers &nd deliver them to thin-
walled ion chambers where the beta activity of the water is measured. The
39 discharge headers are completely scanned every 13 minutes.

While the water is en route to the monitoring chamber it is held for
about 2 minutes so that short lived activities resulting from oxygen and _
aluminum in the water can decay. The syetem is therefore more senglitive
to the longer lived activities, in particular those of fission products,
If & slug Jacket were to rupture and emit theme materials into the water
strean, the monitors would detect the abnormally high activity.

The six monitoring chambers are arranged so that the differences be-
tween the beta activity of adjacent headers are recorded on Micromax re-
corders. In this way the normal activity of the water 1s not recorded since
the activity in adjacent headers ig neerly equal; however, if a Jacket
failure ocours, the monitor which receives water which has rasped over the
faulty slug will show a higher activity and the recorder will deflect.
Alerm contacts are met on the recorders to turn on indicating lights and .
drop the annunciator in the control room vhen abnormally large deviations
occur. The actual reading of one monitor of each differential pailr is re-
corded also so. that changes in the differential record can be associated
with one of the two monitors.

The water activity in the two discharge risers ies monitored continu-

ously with thin-walled chembers. Extreme deviations in the activity are
indicated also in the control room by the alarm lights and annunciator,

Ratention Bagin Monitors

To provide a means of cbserving the decay of the water activity in
the Retentlon Basin, monitors are installed at the Inlet, center and exit

. - 720 -
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of the basin. The activity in the inlet wster is measured with a gamme,

ray lonization chember which is immersed in the water. A Beclman micro-
microammeter transmite the ion current reading to a recorder in the L
Monltoring Room in the Pile Building. For measurement of activity in the

center of the basin;a Geiger~Mueller tube is immersed in the water sample

which has been pumped from the basin., The rate at which pulses are cre-

ated in the tube is recorded in the Monitoring Room to show the water .
activity.- - -

The monitor at the basin exit indicates the activity of water which
is returned to the river. It is discussed under Radiation Hazerd Measure-

T IRLSSFED

Hellum System

The pile i1s operated in an atmosphere of helium. If air were used . .
in the pile the neutron reproduction factor would be reduced, and the argon
in the air would become radicactive and present a serious health hazard.,
The use of a dry atmosphere permits a method of detecting water leasks in
the pile by measuring the water content of the gas.

The pile control room is equipped with instruments dealing with the
prespure, flow, temperature, radloactivity, purity, and moisture content
of the helium. These are merely for the plle operator's information. He
has no control over the helium supply, and no controls are operated by the
instruments at his disposal.

The pressure 1s measured at the inlet and outlet ends of the pile,
and shows on the two dial gauges located at the upper left-hand corner of
the Miscellaneous Penel (Figure 6). These pressures sre not recorded. The
helium circulation rate is Indicated by s recording flowneter.

The helium purity, measured at the plle exit duct, is expressed as
the per cent of air in the helium, Thig is determined by automatic thermal
conductlivity measurements and 1s recorded by the two points of a four-point
Micromax recorder. One point has & range of 0-100% helium, the other has a
range of 98-100% helium. Only the appropriate range is operative at a time.
The moigture content, also measured by thermal conductivity methods at the
pile exit and at one of the sample points, is recorded by the other two
voints of the same recorder, o ' o

The helium activity is monitored by two ion chambers located near
the inlet and exit gas streams, and after amplification by Beckman ampli-
fiers 1s recorded on a two-point Micromax recorder. This double measure-
ment indicates the activity of the helium as well ag any increase in. __
activity resulting from passage through the pile.

' - 721 - .
R 5/45 7 \




HW-10475-SEC. B

COPY NO... é;__.SER'IES C

_-_ MISCELLANEOUS INSTRUMENTATION

Pile Temperatures

Provision is made for measuring plle temperatures throughout the
graphite, thermal shield, and blological shield. _This is for general
information and for studies connected with the effect of radiation and
high temperature upon the structural materials of, the pile.

Twenty-five thermocouples are spaced throughout the graphite, five
in the side shield, three in the thermal dlocke and nine in the rear blo-
logical shbileld. There 1s a single couple in the graphite bearing-block of
the center shim rod. All of these couples are brought to the Migcellane~
ons Instrument Panel and connected to a 52-point and a 12~point selector
gwitch. The tempsratures may be cbserved on an indlcating potentiometer
or recorded with a Micromex four-point recorder.

it ~ DECLASSIFIED

The complexity of the pile control system and the manifold auxiliary
procesges demands that adequate communicatlon be available to and from
all strategic points. This permlts more efficlent cooperation among per=-
sonnel working in different parte of the pile building, and minimizes the
chance of accidents or damage to equlpment. Four intercommunication
systems are supplied.

One system provided 1s a Teletalk gystem which comprises, at each
gtation, individual sets containing a combination loud-speaker and micro-
phone, volume control, and switches. Thi . system is most convenlent
because conversatlons may be carried on while the operator ls otherwise
engaged near the instrument. Teletalk communication is available between
the following points:- - :

Control Desk ' " 8) Cherging Elevator

1) _
2) Office , , 9) Apparatus Room

2} Monitoring Room , ~ 10) Fan Room ‘ -

1) Welgh Point (Storage Avea) 11) Valve Pit

£} Transfer Ares , ~ 12) Safety Rod Winch Room

6) Discharge Elevator ~12) Belium Purification Bldg.

7) Valve Pit Extension 14) Instrument Repair Room

Voice powered systems aleo are installed at various pointe. A volce
powered system, as the name implies, i@ capable of trensmitting Intelli-
gence by using the power of the gsound waves alone, without the ald of
externel power asources. At each station listed below, two jacks are in-
stalled, one for each of two independent lines. Voice powered instruments
may be plugged into these Jecks as required. ’

- 722 -7 :
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1%2) Accwrmlator Room
2) office 14) Flectrical Equipment Room
2) Monitoring Room 15) Instrument Repair Room
4) Apparatus Room 16) Machinery Platform for
%) Rod Room Charging Elevetor
6) Fen Room 17) Experimental Level
7) Safety Rod Winch Room 18} 0-foot Landing at the Near

8) Heliun Purification Bldg.
9) Inastrument Gallery~-9'Level,
~ Near

10) Inmstrument Gallery-9'lLevel, R

Far
11) Winch Room Near Side

12) 115 Instrument Room
(Gas Analysis Room)

Side of Diacharge Area
10-foot Landing at the Rear
Side of Discharge Area

' 20-foot Landing at the Near

Slde of Discharge Area
z0-foot Lending at the Near
8i1de of Discharpge Area
Machinery Room Corridor

Top of Plle

Since duplicate lines are provided, two conversations of any number
of stations may be carried on at the ssme time. This system however is
usually used at points where the need for communication s lesa frequent.

A gix-line voice powered system 1s also inetalled to provide the
necessary communication for the charging and discherging operation. Each
of the stations listed below has six Jacks, one for each of five lines;
the pixth line hes jacks at each of the six water sampling rooms in ad-
dition to those at the stations. The Fly Eye obgervation room and the
Digcharge Elevator Caed are also on one line of thie system.

3 B - —

1) Control Desk
2) Monitoring Room
2} Welgh Point

4) Discharge Elevator
5) Charging Elevator
6) Machinery Room

The_conversations of any or all of the eix lines can be monitored
oither in the monitoring room or at the control desk., The varlous con-
versotions may be mixed as desired and fed into a loud-speaker. An
operator. may also uge his volce powered telsphone to break iIntc any
conversation at any time.

Additional voice powered lines connect the Control Desk to the Pump
Bullding, Power Bullding, and Chemical Building.

RADIATION BAZARD MEASUREMENT
Purpose

In n:ﬁhe deaign of the Pile Bullding, every attempt has been made to
remove, by adequate shielding, all danger to personnel resulting from

g -
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the various types of radimtion. Nevertheless the potential danger per-
sistes, end might become great at any time as a result of excessive power
or inadvertent removal of shielding. The extent of the hazardous condi-
tiona through the Pile Building 1s recorded on numercus recorders in the
Monitoring Room (Figure 8). The detectors which indicate on these re-
corders are discussed in the following paragraphs.

The two types of radiation which present a hazard in the pile
building are those with high penetrating power, namely gamma rays and
neutrons. Both of these originete principally from the metal in the pile;
the neutrons are proportional to the power output, and ‘the gamma rays are
proportional to the amount of fission products that have accumlated in
the metal.

Only the gamma rays are monitored continuously during operation, not
because the neutrons are less dangerous, but because the philosophy fol-
lowed is that wherever neutrons appear, gamma rays are also present, and
a much more satiafactory measurement can be made of gamma radiation. In
addition, neutrons can only originate within the pile, behind large
amovnts of permanent shielding.

For health purposes, the international Roentgen, or r, has been
edopted as the stendard radietion unit. The Roentgen expresses the total
amount of the radiation in terms of dosage, while the intensity of radia-
tion 1s expreeaed as the rate at which the dosage is received. The in-
tensity unit includes a time factor, for instance r's/8 hrs, Medical
authorities have adopted 0.1r ap the maximum dosage of gamma radiation
that a human should be exposed to in any 24-hour period, if that exposure
is to continue day after day. Both the integrated dosage and radiation
intensity are measured in the pile bullding at numerous points.

Dosage Measuroment

The measurement of integrated dosage 1s accomplished by & commer-
cially produced instrument originally designed for the measurement of
X-ray dogage. This electronic device i1s the Victoreen Integron.

The instrument comprises a gamme ray sensitive chember atiached to
an amplifier and meter unit. Whenever the chamber, which is given an
electrostatic charge periodically, is subjected to radiation, the re-
sultant lonization in the chamber ceuses a proportional loss of charge.
This charge loss ocauses a corresponding deflection of the meter on the
suplifier; a full scale deflection is obtalned after O,1r hes been re-
celved, an alarm sounds, end the chamber is again recharged autometically,
Every 8 hours a c¢lock-work mechenism also recharges the Integron without
sounding an alerm. A permenent record of the integrated dosage is main-
tained by a Micromax recorder comnected to the Integron.

Integrons are located at the following places:-

R 5/ - T2k - —
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11)

12)
13)
143

Recorder For pH Of Weste Water Entering River
Recorder For Intermediate Reténtion Besin Monitor
Recorder For Inlet Retention Basin Monitor
Recorder Of Radlation Intensity 20' Far Side
Discharge Area

Recorder For Stack Air Monitor

Recorder Integron Dosage Measurement

Recorder Integron Degage Measurement

Reccrder Of Radiation Intensity Top Of Pile And
Tranafer Ares .

Recorder Of Gamma Actlivity Of Retention Besin Exit
Water

Recorder Of Beta Activity Of Retention Basin Exit

Water

Recorder Of Rediation Intensity Of, 10°f, 20', 20!
Near Side Discharge Area

Recorder For Exhauat Alr Monltor

Recorder For Integron Dosage Measurement
Recorder For Integron Dosage Measurement
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- Top of Pile -
- Experimental Level .
- Apparsatus Room

- Storage Ares '
- Monitoring Room -
115 Instrument Room )

(Gas Analysis Room)

- Office -
- Control Room B
~ Work Area

- Helium Purification Bldg.

- Charging Elevator _ _

RO e e e e e e
' 1

Rediation Intensity Measurement

The radiation intensity, usually expressed in milliroentgens/hour,
iz also measured at various points. This supplements the integrated
dosege information, and is useful in that the instantaneous radiation
conditions are indicated. This measurement, made possible by the fact
that lonization taking place inside an ion chamber, permits a propor-
tional electric current to flow between charged electrodes. This small
current (perhaps only one billionth of an ampere or less) is emplified
to operate_ indicating and recording equipment. _

The ion chambers used in the above application are similar to those
discusaed previously, in connection with neutron intensity messurements,
wvith the exception that no boron material is rresent, so they are not
sensitive to neutrons. The standard Beckmen micro-microameter ig used
to amplify the ion current and operate single-point Micromax recorders.

The following table gives the location of the ion chambers : -

L]

Top of Pile

- Experimental Level

- Imner Rod Room

- Apparatus Room

- Tranafer Area

- Discharge Area

Helium Purification Bldg.

ENI

Waste Water Activity Measurement

Y T

In order to insure agminst putting waste water into the river which
containe activities greater than tolerance, continuous uonitore indicate
the radiation emenating from the water which leaves the Retention Bagin.
The gamme rediation is measured by an ion chamber which is suspended over
the exit end of the basin. The current from this chawber is amplified
with & Beckman and recorded in the Monltoring Room. The beta activity is
meagured by detecting the beta particles from & water gample with s

- Gelger-Mueller tube. The particles enter the tube through a thin micas

R 55 G | R
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window and create an electrical pulse which is emplified and counted
with a scaler and recording register at the Retention Basin,

"~ DECLISSIED

Hazardous activity in the air surrounding the pile structure and
helium equipment is monitored by three pieces o?uequipment.

Exhaust Alr Monitor

This unit samples air which is pulled from the Pile Bullding, and
measures its mctivity by passing it through an ion chamber. The output
of the Beckman, which recelves the chamber current, is recorded in the
Monitoring Room,

sStack Air Monitor R _ S

Air from the Pile Building and Helium Purification Building is

vented up the atack, A monitor, which ls the same ap the Exhaust Alr
Monitor, continuouely indicates the activity of samples of this air,.

Parﬁable Alr Monitor

For miscellaneous sampling of air far activity a portable monitor
is provided in which e vacuum cleaner pulle the air through an ion chanm-
ber. A Beckman amplifier showa the activity by indicating the magnitude
of the ion current. This ingtrument is particularly valuehle in detect-
ing gas leaks in the pile shield.

Reutron ﬁ%nitoring

Special egquipnent 1s available for scanning the pile to discover o
the leakage of neutrons. One instrument ia s BF counter which is iden-
tical to the unit used to detect neutron levels ;n the plle., It is
provided with & paraffin cylinder which can be placed over the counter
to slow down fast newtrons in order that they will be counted. The
equipment is, Gherefore, a detector of both fagt and slow neutrons.

A differential ion chamber system is also in use to detect fast
neutrons. One chamber is fi1lled with hydrogen, the other with argon.
The pressures of these gmmes are mo adJusted that the two chambers are
equally responsive to gamma radiation. The hydrogen-filled chamber,
however, is preferentially sensitive to the presence of neutrone. By
opposing the chambers an ion current is obtained that im due only to
neutrons. A very sensitive electrometer is used to meagure the current.

- 727 -
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Purpoge

The Eile is equipped with automatic featuree which stop the pile
‘reaction in the event of certain types of ebnormal behavicr. Any operat-
ing circumstance which allowe excessive power output, dees not permit
adequate removal of heat, or jeopardizes the operation of the control
systems is considered dangerous, dnd the pile must be shut down until the
.condibion ie corrected. . _ . oL _

‘The automtic phutdown gystems are electrical in nature and are falir-
ly complicated, so simplified schematic circulte (Figure 9 and Figure 10)
are presented as an aid to the reader. There are two automatic shutdown
circults, also known as safety circuits. The operation of the No. 1
safety cirfcult moves all safety rods and a2ll shim rods Into the plle at
high speed: the operation of the No. 2 safety circult moves only the shim
rode into the plle. The two regulating rode are not controlled by either
circult.

In addition to the two safety circults there 1s a trouble indlcating
device celled an ennunciator. This indicates by means of visible signals
and & bell what particular abnormality caused either safeity circuit to
operate. ‘Several other conditions which do not result in operation of
the safety circuits are also indicated by the annunciator.

No. 1 Safety Circuit

Whenever any circumstance appears that presents an imminent denger
to the pile, thieg circuit will opsrate and cauge all 29 safety rods and
T shlim rods to move into the pile with meximum speed. The evenis which
actuate the circult are:-

1) I.ow water presaure on either unchilled riser

2) Low water pressure on either chilled riser

%) High power level (discharge water activity) indicated by the
ion chamber with No. 1 Beckman .

k) H:lgh power level (neutron density) indicated by the ion chamber
with No. 2 Beckman

5) High pmrer level (neutron density) indicated by the ion chamber
w;th No. = Beckman .

6) High power level (neutron density) indicated by the ion chamber
with No. 4 Beckman

- 728 - 1 '- _
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FIGURE 9

NO I. SAFETY CIRCUIT ”EE’_ASS,F,E"
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AFTER TROUBLE IS

REMEDIED THIS RESET
BUTTON MUST BE PUSHED
BEFORE SHIM ROD GAN
BE WITHDRAWN AGAIN.

DEPRESSING THE CONTROL .
DESK PUSHR BUTTON
WiLL OPEN THiS
CONTACT.

DROPPING OF ANY
SAFETY ROD WILL
OPEN THIS CONTACT.

&
—_ 440V, AC
“1 kg
I .
IF EITHER OF ABOVE ! £ ‘
CONTAGTS OPENS THIS —/’:rlw x: = WEIGHT
COIL IS DE-ENERGIZED L _J
AND THESE CONTACTS
ARE OPENED, _ AOGUNULATORqL L
" . E__— . ;‘l-‘rnmsronusn
] —
t =
(38 4 m
L —
._| ,220V. ¢ =
AC.
——
. ROD M ¢ 1 L _[FJ" *
OIL MOTOR
:—- r“‘—
R rre—r— .
ROD ¥ 1 ] ) Ef
" “oIL MOTOR
| i ’—i
e — |
ROD - W) | I [ P
OIL MOTOR '
]~
IF CURRENT 1S REMOVED FROM THESE

SOLENCID VALVES, FULL ACCUMULATOR OTL /
PRESSURE S DELIVERED TO OIL MOTORS AND RODS

ARE DRIVEN I[N.

R _6/45 . . _—=730-—




HW-10475-SEC. B

cory No._0.3_ seriEs ¢

'lll"l" AUTOMATIC SHUTDOWN CIRCUITS

T)-Eleotric power failure at the process pump building

8) Depression of a manual push button at the control desk

Figure 9 showe that any of these events break a circuit to a pair
of electrical relays which in turn interrupts the flow of rectified cur-
rent to the magnetic clutch of each safety rod. When this occurs all
clutches are released and the rods fall into the pile. At the same time
an interlockjng device on each safety rod releases the shim rods. Should
a pover fallure occur in elther of these safety circuite or in the systems
supplying the sefety devices, the safety rods also drop into the plle.

eesmsews  JECLASSIFIED

A second safety circuit has been incorporated in the instrumentation
of the pile control to allow the unit to be shut down by the shim rods
alone. Tt was expected that minor abnormal disturbances, not sufficiently

- important to justify the insertion of the vertical safety rods, would
cause the No. 2 safety circuit to operate. Experience has shown that only
those circumetances which cause the No. 1 circult to trip are sufficiently
urgent to justify the shutdown of the pile. Therefore, the No. 2 safety
olrcult, which is arranged es shown in Figure 10, can be tripped only with
the control desk push-button.

Annunclator Circulits

Whanever the pile is shut down automatically because of the operation
of one of the safety circuite, it is necessary that the reamcn be known
before the faulty condition can be remedied and the plle started up again.
This necessary information ie convenisntly indicated &t the control panel
by the annunciator. The annunciator mounted on the control panel, is =a
boxllke device which as 28 small windows in its face. Whenever an elec-
trical circult connected to & unit behind each window is distrubed, a
flag becomes visible through the window. _

The following occurrences related to the pile operation are indicated
on the annunciator. Many properties which do not operate the safety ocir-
cuit are Indicated.

l)QLow pressure, unchilled water, No. 1 Safety Circuit

2) Low pressure, chilled water, No. 1 Safety Circuit

2) Beckman No. %, No. 1 Safety Circuit

L) Beckman No. L, No, 1 Safety Circult

5) Beckman No. 2, No. 1 Safety Circuit

e -
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: 6) Electric Power, Pump Bullding, No. Safety Circult
7} Low oil level, Accwmulator No. 2
8) Low oil level, Accumlator No. 2
9) Low oil level, Accumulator No. 1
10) Water pressure monitor, high or low i “EBL ASSIF‘EU
11) Exit water temperature (not uged)
. 12) Beckman No. 1, No. 1 Safety Circult
12) Shim Rod water pressure, high or low
1) Control Desk Push Button, No. 1 Safety Circult
15) No:. 2 safety Clrcuit -
16) Hi-igh oil level, Accumulator No. 1
2

17) High oil level, Accumulator Fo.

W

. 18) Eiég!;h oil level, Accumulator No. ’
19) Modium oil level, Accumilator No. 1 (higher than Flag No. 9)
20) Medium oil level, Accumlator No. 2 (higher then Flag Wo. 8)
21) Modium oil level, Accumulator No. % -(higﬁ_br then Flag No. T)
225 Léﬁ oil level in accumtlator oll pump
2%) L&f water pressure of cooling water in tﬁerma.l shield

. 2lt) Léw water level in high tenk
25) E;ectric ventilating fans (any unit off) -
26) D;a‘via.tion of Discharge Water Monitor |
Whenever an ammunclator flag drops, -a. bell i:s sounded. The bell

may be turned off immediately but the flag cannot be reset until the
trouble is coryrected.

e -
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. . CHAPTER VII - CONTROL POINTS AND INSTRUMENTS

:l.[ LT

Annunelator circuits, 731
BF; counter, 708
Coft ication systems, 722
Control
points, 70X
rods, T09
- room, 703
. Cooling water Instruments, 712
Dogage measyurement, 72%
Flow measurement, 716
Functione of instruments, 70%
Gelvenometera, 107
Helium gystem, 721
Inlet water panel, 712
Ion chamberas, 707
Main control panel, 703
Miscellanecus control panel, 715
Neutron density, T70%
Plle temperatures, 722

i

Power output, 703
control of, 707
meagurement of, TOX
Pressure
= geuges, 718
_. measurement, 718
- monitoring, 718
Radiation hazards, 72%
Regulating rods, 711
Safety
circults, 728 -
rods, 709 -
Selsyn indicetora, T11
Shim rods, T10
Shutdown circuits, 728
Temperature
- mesapurement, 712
monitoring, 712




HW-10475-SEC. B

— 5 63

—_— e .- - - - COPY NO.

SERIES C

" INTRODUCTTON

EANFORD ENGINEFR WORKS TECHNICAL MANUAL,

T

= CEAPTER VIII - RADIATTON AND SHIFLDING

Experience with radiations of the types encountered at Henford dates
back half a century to the discovery of x-rays and natural radicactivity.
Slnce these dimecqveries, a large amount of information has been developed on

. the nature of the radiations, on the ways in which they penetrate and
interact with matter, and on the weys in which they affect living tissue.
The techniques and precautions required in the handling of high radistion
intensities developed along with increases in the strength of sources, as
.radlum, high-powered x-ray tubes, Van de Graaf generators, cyclotrons, and
betatrons became available. As a result of these developments s it is
posalble within reasonable limits to predict how much radiation will leak
through a given arrangement of shilelds and what physiological hazard, if any,
this leakage will produce. . :

The importence of such information beccmes evident if one considers the

enormous intensity of the radiations produced by the pile. The largest

. redium sources that are handled routinely weigh sbout a gram, and cen esafely
be handled encased in sbout five inches of lead. This thickness of lead
reduces the gemme intensity about a thousendfold. In contrast s the plle is
enclosed in a composite iron-and-masonite shield five fest thick which .
reduces the Intensity of pile radiation about a billionfold. The Tive-foot
concrete walls around the pile reduce the gemma Intengity from discharged
metal and other sources ebout a millionfold. These astronomlcal factors of
reduction are necessary to reduce the intenslty to a level at which personnel
can work year in and year out withount suffering any 111 effects.

The fact that a massive shileld has been interposed between a aocurce of

radiatlon and an operating ares is not, however ; an sbsclute guarantee that

. the aree 1g safe. A thick barricade may be useless unless it is made of
meterials which are properly chosen to stop the varticular kinds of radiation
emitted by the source. For example, lead is an excellent shield for gamme
rays, but a very poor one for neutrons. Apertures or cracks in the shield
may permit the escape of dangerous smounts of radlation, and the shield musgt
be designed so that no atraight path extends very far unless the path is very
naerrow. Scattering, or reflection of radlation from surrounding objects,
mst algo be considered. 4 shield which protects personnel from the direct
rays of the source may be inadequate if the radlation can reach them indi-
roctly by reflection from the walls and ceiling. Finally precautions must be
taken againet induced activities. For example, the pile water beccmes
sufflclently radiocactive to make the discharge area uninhabitable while the
pile is in operation. This happens in spite of the fact that the plle shield
stops all the radlation which originates in the pile itself.

In the present chapter the principles of radistion protection will be
ontlined and their application to Hanford design and operation will be

d.iscussed.r
- R o=
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NATURE AND PENETRATING POWER OF RADTATIONS

In the order of increasing hezard, the radiations of interest are alpha
partlcles, beta rays, gemma rays, and neutrons. These radiations can he
detected only by instruments, such as Geiger counters, ionization chambers,
photographic films, or, at relatively high Intensities by fluorescent soreens.
Without such instrumente a men can very easily receive a fatal dose without
belng aware of 1t at the time. Hence it is imperative that adequate shield-
ing be maintained, and further that it be constantly monitored abt critical
points.

A ~ DECLASSIFIED

Alpha particles are helium nuclel of mass four and positive charge two.
They are ejected spontaneously by the nuclei of uranium and the product, but
not by the fiselon elements. Because of their large mass end charge, the
penetrating power of alphas is very low. For example, the alphas from
uranium are stopped completely by about 1 inch of ailr, 0.00L inches of alumi-
num, or 0.0001 inches of lead. Alphas therefore present a hazard only when
bare metal or pure product is handled. Measurements of alphe emission ave
used to follow the concentration of product in process liguore.

Bete Rays , - o

Beta rays are fast electrons of very small mass, roughly 1/2000 that of
8 proton or 1/8000 that of an alphs particle. They carry a negative charge
of 1 unit and are emitted, with energies ranging up to 3 or 4 Mev, by radio-
actlive nuclel. Thelr penetrating power 1s rather low; 2 Mev betas are
completely stopped by 23 feet—of ailr or about 1/87 inch of aluminum. Consge-
gquently, betas are dangerous only when the observer is directly exposed at
a short distance from the source.

Garme Rays

Gemma rays, also called photone or guanta, are electromagnetic waves or
particles whose wave length is roughly one millionth the wave length of
visible light. The hardest gemms radiation emitted by the pile has an energy
of about 5 Mev, while the average is probably in the neighborhood of 2 Mev.
Unlike alphas and betas, gammas are not completely stopped by matter.
Instead, *their intensity decreases according to an exponential law ag they
penetrate a shleld. The intensity of a beam of 2 Mev germes is reduced
tenfold by passage through 1300 feet of air, 20 inches of water, 10 inches
of conerete, 8 inches of aluminum, or 1.7 inches of lead. The gauma
radiation from alugs of actlve metal and from the activity induced in pile
water and control rods is highly dangerous and requires massive shielding.

- 803 -
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Neutrons

Neutrona are particles of unit msss end zero charge which are produced
in the fission process and are present only when the plle ls in operation.
They can also be produced in other ways, as by bomberding beryllium with
alpha particles. Their peneirating power ig considerable and thelr mode of
interaction with matter is highly complex. In brief, a fast flssion neutron
of aboub 2 Mev energy is first slowed down by nuwerouns collisions with atomle
muclel until it arrives at thermal energy (about 1/40 ev). Then the thermal
neutron continues to bounce around until it is captured by a mucleus. When
this happens, a quentity of gamma rediation equal £o the binding energy of
the neutron in the nucleus is emitted. In many cases, the nucleus ls made
radicective by this neutron capture, and later dlsintegrates to a atable
micleus with the emission of assorted betes and gammas. Neutron shlelds st
therefors not only slow down and absorb the neutrons; they m:st also take
care of the gemme rediation, both immediate and delayed, which the neutrons
produce.

——— T

The simplest and cheapest way to protect oneself from radletion 1s to
stay sufficiently fer away from the source. The sources under consideratlon
are so intense that they can be approached within working distance only if
elaborate precauntions are taken. These precantions muat take Into account

the fact that rediation from a primary source, such as the plle, can reach an
observer by three different routes:- (a) Tt may penetrate the shield or pass
through apertures in the shield, (b) it may be reflected (scattered) from
the air or from surrounding objects to an observer who is screened from, the
direct rays, or (¢) the primery source may induce activity in substances
which are subsequently transported into the observer's vicinity. It is
therefore necessary to know how radlatlon is absorbed, how 1t 1s scattered,
and under what conditions secondary activitles may be induced.

The ré&ctions which are involved in neutralizing the hermful effects of
radietions from the pile are discussed below. They are also sumnexrized in
Table T. ' : -

Abscrption

Alpha and Beta Radiations S -

LI

Alpha and beta radiations are so easlly gbopped by materials of ordinary
gtructural thickness that they require only a nominal amount of shlelding.
Where a beta hazard existe because of contamination of hands or c¢lothing, or
because of spilled solutions, it is usually more Gonvenient tc remove the
gource than to met up & shield against it. The alphas and most of the betas
from new slugs are stopped by the aluminum jackete; the remalnder of the

betas can be stopped by leaded leather gloves. The bete hazard from most

gources ig of the same order of magnitude as the gemme hazard; hence & shield
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TABLEI .
Reactions Involved in Shielding UEELASS": ,E"
Particle - . . incident on reacts by_érocess of and jroduées
Fast neutron " "mucleus  elastic scattering  recoil nucleus
slowed neutron
Fagt neutron nucleus inelastic scattering recoll nmucleus _
. L L - 2 slowed neutron
- gamma radiation
Thermal neutron micleus ébsorption actlve nucleus
(further decay to
botas and gammas)
High B miclear _ = -
energy photon field palr production electron
s ) positron
= . -+ kinetic energy of
. thess particles
Intermediate - N ,
energy photon electron  Compton scattering recoll electron

scattered photon

Low energy photon electron  photoelectric -
abgscorption electron from orbit

Fast electron atom  ionization lon paix-'-s
- : slowed electron -
Fast electron nuclear slowing by emisesion Bremsstrahlung, i.e.,

field of radiation continuous x-rediation
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which tekes care of the penetrating gemmes is more than adequate for the
betas. In passing through matter, these charged particles convert their
translational energy in part into the production of ions and in part into the
production of secondary radiation. Under exceptional circumstances these
secondary radiations (Bremsstrahlung, or "slowing-down radiation™) may
present & hazard. In all cases the absorbed energy ultimately appears as
heat. -

CGarme, Radiatlon

Goemme. radiation may be more or less penetrating, depending on the energy
of the photons and the atamlc number of the absorber. This happens becanae
three mechanisms are involved in the absorption process: photoslectrilc
absorption, Compton scattering, and palr production.

Photcelectric absorption occurs when the entire energy of the photon is
used To eject an electron from one of the orbits of an atom. Absorption by
thls mechanism predominates at low gamma energles and incresasses with the
atomic number of the absorber. In light elements such as aluminum, the
photoelectric effect accounts for most of the absorption up to aboul 0.1 Mev.
In heavy elements such as lead, it is effective up to about 1.0 Mev.

Compton scabtering is a collision of a photon and an orbital slectron in
which part of the photon's energy is used to eject the electron from an atom,
while the remainder of the energy appears as a scatiered photon. This
process accounts for most of the absorption in the intermediate energy range
(0.1 to 10 Mev in aluminum; 1.0 to 4.0 Mev in lead). Compton absorption
varies with the number of electrons per cubic centimeter of absorber and
hence ia roportional to the density of the abgorber. Therefore, in the
anergy range where this process predominates, the ‘effectivenesss of a ghileld
is roughly-proportional to its sectlonal demsity, oxpresgged in grame per
square cenbtimeter, and is nearly independent of the composition of the
shield. Compton absorption decreases with increasing gemma energy.

Pair production occurs when a photon enters the field of a nucleus and
i converted into a pomsitive electron (positron) and a negative electron,
plus a certain amount of translational energy of these particlea. The
electron is ebsorbed like a bets ray; the positron collides with another
electron and the mass of the two particles is converted into two 0.5 Mev
photons. This phencmenon occurs to a significant extent only at very high
gammis, energies (above 10 Mev in aluminum; above i Mev in lead), and incregses
rapidly with the emergy of the photons and the atomic number of the absorber.

As a result of these three processes, overy subsiance shows a minimum in
i%8 curve of absorption coefficlent vs. energy somewhere 1n the region vhere
Compton scatbtering prevails. This minlmm appears et 2.5 Mev in lead and at
20 Mev in aluminum.

The cholce of absorbing materials for gemma radiation is governed by
considerations of cost, of available space and of the energy of the radlation
%0 be absorbed. The penetrating gemme rays which are generated in or near
the pille have energles in the range of 1 to 5 Mev, where the Compton process
overshadows the other processes and the efflectiveness of a ghield depends

- 806 - | ‘
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primarily on 1te weight. Hence a glven mass of concrete or water is about as
good as the same mass of iron or lead, and is very much cheaper. Iron is
used in the plle shileld because it is a good absorber of both neutrons and
gammas, has good structural properiies, and permits the deaign of a compact
shield. It im also used on the wall between the conbtrol room and the rod
room. Where a minimum shield thickness for shielding againet gamme rays is
required, as in the cask used to transport buckets of hot metal, lead is
gpecifled. A somewhat different situation occours when the principal hazard
is that due to soft gamma radiation, as in the case of gammas scattered
through a-labyrinth. In this case, & given mass of lead is a much more
effective absorber than iron or concrete because 1ts photoelectric absorption
is relatively large. Thersfore the labyrinth doors are covered with thin
sheet lead.

o * ~ DECLASSIFIED

Fast neutrons are most easily slowed down by elements of low atomic
number. Hydrogen is highly effectlve. because it accepts, on the average,
about half of the neutron energy at each collision. Carbon, because of its
greater mass, can accept only about 16%. Thermal neutrons are absorbed to a
greater or _lesssr degree by all elements except helium, and this absorpition
varies irregularly with atomic number. For example, boron and mercury are
good absorbers; carbon and lead are poor ones. The gammas emitted when a
neutron is’ absorhed are most easily absorbed by slements of high atomic
number. It is apparent from these conflicting requirements that no single
element cafi be used to shield againet both neutrons and gammas. Neubron .
shlelds therefore must be composite structures which contain:- (a) Some
hydrogenous material to slow down the fast neutrons, (b) a good absorber of
thermal neutrons and (c¢) a materizl of fairly high atomic number to absord
the germas . _ :

Iron'is a good abaorber for thermel neutrons and gammasg. In addition,
it hes some effect on neutrons of intermediate energles, which it slows by a
process of inelastlic gcattering. Masonite is a pressed wood product having
a density of 1.3 and a hydrogen content of aboub 6%. A composite structure
of thepe materials forms an efficient neutron abadrber and is used as the
biological shleld of the Hanford piles.

The relative shlslding effectlivensess of a number of structural materials
is given in Table II in terms of the thickness required to reduce the inten-
glty by a factor of ten. These date hold exactly for gemma rays, which are
absorbed according to an exponential law. They hdld approximetely for
neutrons, vhich dc not follow this law.
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TABLE II -

Effectiveness of Shielding Materials

=+ : Thickness in Inches Required
Materisl = . for Tenfold Reductlon in Intensity

2 Mev Geammas Thermal Neutrons Fast Neutrons

Water 20 2 : ~ Lk

Masonite 15 3 . ~ 8
éraphite 12 h5 _ ~15
Qpncrete 10 T . = ~ 17
Iron 2.6 RS- B ~ 20
Lead

© DECLASSIIED

A beam of gamma radiation falling on a pollshed slab is not reflected
specularly; like visible light. Instead, & small fraction of the incident
redistion is reflected diffusely in all directlons, end these "scattered"
photons have a lower energy than the primsry photons. The geattered e
intensity is strongest when the primary rediation is moderately soft (of the
order of 0.1 Mev) and the atomlc number of the scatterer is low. Conse-
quently the soft gamma components ol the primary radlation govern the dosage
that an observer receives by scabttering {through labyrinths, for exemple),

while the hard components govern the dosage that penetrates a shleld.

Scattering

Beta rays are very strongly scatiered; 20 to 50% of the betas incident
on & slab will bounce back. Approximetely the same is true of neutrons.

Induced Activiiles

Tnduced activities will appeasr only in those materials which are exposed
to neutrong. It is known that actlvities can alao be induced by bombardment
with protons, deuterons, alpha partlcles, and gemia rays. However, the first
three of these rediations do not occur in the pile in significant amounts,
and the gammee are not sufficiently energetic. The exrtificially radioactive
substances emit betas, gemmas, and in scme ceses positrons. Shielding C
againat these rays is provided just as though the active material were a new
source. T :

Sl . -

e e —————
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The activity of such a source dspends on the neutron flur to which it is
exposed, the length of exposure, the half.life of the activity, the ease with
vwhich the substance is activated (i.e., 1ts "eross section"), and on how long
the substance is allowed to decay after conclusion of the bombardment. When
the bombardment extends over & peried which is very long in comparison to the
half.life of the induced activity, a steady state is reached in which the
rate of disintegration of active nuclel 1s equal to their rste of formetion.
This is celled the "saturated activity". Activities of short half-life build
up and decay rapidly; those of long half-life build up and decay more slowly.

Practically all substances become more or lefs activaeted by exposure in
the plle. Copper and silver become highly active, iron and aluminum
moderately active. Graphite and heliwm show activities due to impurities of
venadium and argon respectively.

e DECLASSIIE

Ebcpef?.ence with radium and x-rays has shown that the entire body can
safely be glven a radiation dosage of 0.1 r per day for an indefinitely long
porlod. All shielding arrangements are therefore.designed to reduce the
radiation intensity to this level, namely, to the equivalent of not more than
0.1 r per 8-hour day. It is assumed that exposure will occur only during
working hours. The r or Roentgen is essentially & unit of gamma dosage,
defined as that quantlty of gawme radiation which will produce one electro-
static unit of ions in one cubic centimeter of atmospheric air. This
corresponds to an energy absorption of 0.1 erg per cc. of air or 83 ergs per
cc. of body tiseue. The tolerance dosage of 0.l ¥ per 8-hour day means that
a 150-pound man can safely absorb only about 16 microwett-hours of gemme
energy per day. In contrast, g man, gptretched full length in the noonday sun
recelives solar snergy at a rate of about 100 watis.

The physiological potency of the different radiations may be compared
in terms of the flux (number of particles crossing one squere centimeter per
second), which produces & tolerance dose for total_body irradiastion in
8 hours. These are:- _ _ _

Tolerable Fluxes

Radiation = (particles/cm®sec)
2 Mev betas 8o
2 Mev fast neutrons 200
2 Mev gommes 5300
Thermel neutrons 15000

These_differences exist for the followlng ressons:- (a) Betaz are
completely absorbed in the first few centimeters of tissue. A local concen-
tration of energy results, and the tolerance level.is reached nesr the '
surface of the hody while the remainder is unaffected. (b) Fast néutrons
transfer their energy to hydrogen muclei {protons) which produce very dense

-89 - o A
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ionization tracke in tiseue. Thie localization of energy producee a biologi-
cal effect about five times greater than a more uniform distribution of the
pame “total energy, such as is produced by gammas. {(¢) Thermal neutrons are
sapily reflected by the body; only about one-fifth of those which enter it
are ultimately captured in the tilssue. The physiologlcal effect results from
the subseduent absorption of the gamms rays which are emitted as a result of

a neutron'capture.

Single overd.oses of radiation react on the individual somewhat as
follows:-

;ﬁ dose of 10 r produces s temporary decrsase in blood count. The
decreage appears several days after exposure. A normal count may be
regained within a few weeks.

~A dose of 100 r produces nausea, a mild;"eunburn", and a serlous
reduction in the blood count. Recovery may be very slow, and the
susceptibllity of the individual to subsegquent overexposure is

increased. . Lo . . _

A dose of 1000 r i1s lethal, with death occurring gomething like
a week after exposure.

These figures are very rough, and take no account of very large Indi-
vidual differences in ability to toler&te radiation.

— 1]

The Pile . o _ .

The pile is by far the mosgt powerful terrestrial source of radiation.
This nay be shown by comparing the heat generatlon and ganma. productlon in
pile me:beria_'.s with that in radium (Teble III).

Gran for gram, the operEfing pile producee erergy at about the same rate
ap radivm; or, the power generated in the entire pile is roughly equal to
that produced by about 1500 tons of radlum. In contrast, about 2 pounds of
radium have been isolated since the diecovery of the element.

Although radiation intensities are compared in Table III on the basis’
of game emission, it should be noted that the gammas from the pile are
reaponsible for only ebout oche-eighth of the total physiological effect of
pile radiation. A man exposed to a hole through the pile receives about 12%
of his dogage from gammas, 84 from fast neutrons, and h% from thermal

nevirons.

ER e o -

Fortunately, the pile absorbs its own radiations very strongly, so that
the mmber of particles escaping through the reflector is only about 1% of
the total mumber produced in the pile. Even so, the radiation fluxes out of
the reflector are enormous; about 1011 thermal neutrons, 109 fast neutrons,

R 5M45 S ()
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and 1011l gammag per squere centimeter per second._ A men exposed to the
outside of the reflector would receive & lethal dose in & matter of seconds.
A table showing the location at which hee.'b is generated by the various ra.dia-
tions 1s given in Chepter III. ' B

o RUSSER

- Comparison of Pile Materials w;tli Radinm

Heat Generation GCemma Intensity (r/8 hr.

{watts per gram) __ at 1 foot from 1 gm.)
Radium : : 0.16 - T2
Average m;tter in 200-ton |
250,000-%Xw. plle during operation 0.15 120

Average metal in plle
a) dﬁ?ing operation _ “ 1.3 ; 840
b) a.ff.er 1-hour shutdown 0.013 :_ T e,
c) after 60-day shutdghﬁ : "ri 0.0011 T k.5 |

Because of the intense neutron activity in the pile during operation,

practically any substance placed in the pile becomes ragloactlive. Such cases
will be discussed in the following secdtions.

Pile Metal -

New slugs of heevy metal can be_charged safely into the pile by hand.
When the pile 1s shut down after a long run, however, the gamma radiation
.fron the £iselion products in & single slug will produce a lethal dose in a
few seconds at a dlstance of a foot. The beta radiation has approximately
the gsame potency. The activity decays by a factor of ten in 2 hours, and by
another fhctor of ten in the next 60 days. The metal delivered to the .
geparation plant is therefore about 1% as active as freshly dlscharged metal.
In terms of hazard, this means that aged metal will kill in minutes instead
of in secdnds, and massive shields ere still required.

wt - —

Cooling Wﬁter

The activity of the pile cooling water ls affected by the poWwer level
of the unit, the purlity of the water, and the thickness of the f1lm on tubes

R W —
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and slugs. Under normal copditions of operation, the following activities
heve been observed in the water: (a) T-second Nis produced by an_n,p re-
action of fast neutrons with OLO in the water; (b) 2.4-mimute 4128 produced
by n,7” reaction on the aluminum plugs and tubes; (c) 10-minute Mg2T from an
n,p reaction on aluminum and also from n,7> activation of magnesium in the
water; (d) 15-hour Na24 from n,” resaction godium in the water and from
n,& reaction on aluminum; (o) 2.6-hour MnC from n,7 reaction on manganese,
which enters the water as an impurity in the ferric sulfate added in the
water treatment plent; and (f) 37-minute C138 by n, 2 reaction on chloride
lon. Dissolved chlorine and argon are alsoc activated. These gases are awepth
from the water stream by the air which enters the downcomer vont, and issue
from the sewer vent near the retention basin.

The N16 activity is léesponsible Por the hezard at the discharge face
during operation; the 2 &ctiv&‘by dominates at the entrance to the reten-
tion baein; and the Mn P and Na? activitles are the principal contributors
at the outlet of the retention basin.

Improvements in the technique of slug canning have insured that the
Jackets will fall rarely if at all. If such & failure occurg, actlivity enters
the water in two additional ways: (a) Fission products.recoll from the bare
uranium mstal into the water stream (normally, these fission recolls are
stopped by the Jackets). Some of these products emit delayed neutrons , and
all of them emlt betas and gammas. (b) Active metal dissolves from the bare
spote and is carrled Into the water etream. Jacket falilure is of concern not
so0 much because of the increase in water activity es because of the danger
that the slug will swell and atick in the tube. It is therefore advantageous
to detect failures and remove the imperfect slugs at the earliest posaible
moment. Water monitoring devices located in the six sample rooms are belleved
capable of detecting the increase in activity produced by a blister failure
of 0.0k sq.om. in the most active slug in the pile, or 4 sq.cm. in the least
active slug. :

Hellum is the one element in which activity cannot be induced by neutron
bombardment. However, the helium in the pile contains impurities which can
be activated. These include air and’ gases generated in the graphlite and
Mesonite. Leaky tubes may introduce water vapor. The worst offender 1s the
argon component of air. Active argon decays with a half-life of 110 minutes
and emits energetic betas and gammas, The helium hazerd is minimized by
shielding and ventilation, as is described later.

Control Rods

The control and shim rods are of identical construction and contain only
boron, aluminum, and cooling water. Alumlinum develops actlvitles of half-lives
2.4 minutes, 10 minutes, and 15 hours. A comparatively weak activity of 47-
day helf-life 1s introduced by an iron impurity. Imediately after a rod 1s
withdravn from the pile s the intensity of the 2.%-minute activity is very high,

Rops cme- -
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of the order of 1O r/8 hours at a distance of one foot from the rod. The

. rod cooling water alsc becomes activated. Normally, when the pile is running
with only one rod part way in, activity appears only in the hose line and
reel connected to this rod. The radiation intensity near the hose line is
small (tolerable at a distance of about 1 foot) because the hose contalns a
relatively small amount of water. The intensity near the home reel 1z somo-
what higher. When a number of rods are inserted in the running pile, as
during a startup after a shutdown, additional hose lines become active.

The drop safety rods are made of boron steel. Only the tips of these
rods becoie very active, eince neutron activity ceases when the rods are com-
pletely Imserted in the pile. A trace of manganese in the boron steel picks
up enough actlvity in the act of shutting down the pile so that when the rods
are withdrawn agein the intensity in their immediate vicinity is conelderably
above tolerance. In one case, k hours after the unit was restored to pover
after having undergone three successlve scrams, a reading greater than 10,000

mr/hour was obtained close to the rods and another of 2000 mr /hour was obtained

at the fenice which surrounds the rod area. The 18-hour and 47-day activities
of lron are not significantly excited by scrams.

Since the drop safety rode are hollow cylinders with solid ends, they
permlt a blast of radlation to escepe from the pile during the time they are
dropping.  No neasurement of this blast is available, but estimates indicate
thet a dosage of the order of 100 mr is delivered_to the area above the rods
in the 2 seconds during which the rods drop. Ordinarily, this blast ig a
momentary hazard which occurs in an ares tc which access is limited.

When any rod i1s driven into the pile , carbon dloxlde is dieplaced from
the thimble. This carbon dioxide containg en active argon impurity which is
introduced by leakage of air into the thimble. Readings of the order of 1000
mpe /hour have been found on top of the unit after a scram and before the venti-
lating air stream hes had time to sweep out the active gas. Some of the actlve
gees ig carried by convection currente down the cold front face of the pilse,
vhere readings of the order of 50 mr/hour have been observed shortly after
a scram. Similar down drafts have been detected at the experimental level.

wesee  [ECLASSIFIED

The 2004 water tubes are made of 25 alumlnum with a 728 (zinc elloy)
coating on the inside surface. The tubes therefore develop the intense, short-
lived aluminum activities plus weaker, long-lived activities due to the iron
and zinc components. -

An empty tube through the rile emits an intense beam of radiation which
may be thousands of times above the tolerable intensity even after the pile

1z shut down. The total amount of energy which escepes in such a beam is falrly
small, however, 8o that the amount scattered sideways by tools or other objects

placed in the beam produces no more than the tolerable intenslty at pointe a
few feet removed from the direct path of the beam.
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Dummy and Speclal Slugs

SERIES C

IDummy slugs, used in the ends of sctive columns, become activated accord-
ing to thelr location in the pile and the meteriale of which they are made.
The perforated or solid aluminum dummies located in the reflector become vory
active, as do the sluminum-encased lead dummies in the thermal shield. The
perforated or solld aluminum dummles in the biological shield are activated

. relatively little. The lead and stainless steel dummies at the outside of the
biological shield and in the outlet fittings are activated more by surface

contamination than by neutron bombardment.

Lead-cadmium alloy slugs ("P-dummies") used in the poison columns develop
the strong, long-lived cadmium activities. The radiation from bismith slugs
is contributed mainly by the aluminum can. The emiseion of an sctive gas from
bare irradiated bismith metal hes been reported.

Special test slugs, usually termed "papoose slugs®™, have en aluminum
extension in which test samples of graphite are expoged. The papoose ia cut
awvay from the metal-containing part of the slug under water. This removes
the major part of the activity, but the aluminum papoose 1tself i1s quite
active. Cautlon is necessary in machining the papoose for recovery of the
graphite samples.

Shield Plugs

In case 1t hecomes necessary to remove any of a number of plugs from the
shleld, speclal apparatus mst be provided to prevent radiation leakage from
the hole and to shield the hot end of the plug iteelf. The magnituds of this
hazard may roughly be estimated from the Pact that the long-lived gamma ac-
tivity in 1 cc. of iron removed from the side of the thermal shield nearest
the reflector will produce an intensity of about 10 r/8 hours at a distance
of 1 em.

T s

Pure cerbon is thought to develop only a weak GL% activity; however,
fairly strong activities due in part to traces of vanadium have been obeerved
in graphite of the grades used in construction. The small graphite samples
which are Femoved from test holes or "papooses® can be hendled wlth a moderate
emount of shielding. Larger pieces, such as the thres-inch graphlte cylinders
in c