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2.0 Introduction

With the formation of the Livermore Branch of the University of
Ccalifornia Radiation Laboratory and the increase in experimental activity,
the need for a high flux reactor has become increasingly evident., The
experiments which the laboratory wants to conduct will need short lived
isotopes of high specific activity and will uss beem holes to periform
irradiation and nucleonic studies., The lcng transpertztion time from and
high priority of the nearest high flux reactor, the MIR, precludes its
use on a large sceles by the laboratory.

Consideration was given to various possible types of reactors with
respect to the experimental facilities which will be nceded at the
laboratory. It was decided that a water moderated reactir of design
similar to the MIR operating at a power of 1 MW wculd serve the laboratory
at Lhis time. The reactor was designed to best meet the requirements of
high flux, safety, financial feasibility and flexibilaty of experimental
facilities. The Livermore Fool Typs Reactor (LPIR) will be built as
a general purpose irradiation facility.

Although the principle use of the reactor will be for weapons
research, special features hsve buoon incorporated to make the reactor
a research tool which can be used by all of the =sctiv.iies al U.CoR.Le
At the present time, the program of experimentation aud research aniticipated
for this reactor is quite broad. It will range from tbe problems of
calibration and production of radicisotopes for diagnostics, to bulk type
measurements on nuclecnics. Microszepic and macroszcopic cross section
will be measured as well as irradiztion damage to and shielding properties
of various substances. JIrradiation studies and isctope production will
also be undertaken with reference to biological reszarch.In general, then,
the program will comprise fundumental expseriments of chemisiry, physics,
biophysics and medicine. MNo experiments in reactor physics with the
exception of the initial tests will be conducted. In Appendix V a list
of the anticipated first experiments is shown.

Foster Wheeler Corporation will build this resctor for Lhis A.E.Ce
and will perform the initial testing procedures; both nuclear and mechanical.
"he reactor has been designed to operate at one megawatt. All the permanent
parts of the facility have been designed for 5 megawatts, should this

higher power level be needec at some future time.
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3.0 Description of the Facility

The description of the LPTR facility Zs broken down into four sections.
In the first of these the reactor site is described with reference to
its meteorology, geology and seismology. Appendizss II, III and IV contain
more detail discussions of these topics. The secend section deals with
the reactor and associated experimental facilities. The steel building
in which these facilities are housed is discussed in the third section
and the cooling systems necessary for the reactor operation are discussed
in the final section.
3.1 Description of the Site

The Livermore Research Laboratory is located approximately 35 miles

east of Oakland at the eastern end of the Livermore Valley (see page 9).
The outline of this valley is roughly an elongated oval with a long axis
of 13 miles in an east-west direction, the larger end of the oval being
to the east. At its eastern end the valley is 6 or 7 miles wide and in
the center and western portions is 3 to 4 miles widz. The total aresa
of the valley floor is about 58 square miles., At the northwest corner the
valley connects with the narrow Amador Valley whiczh is orientated in
a SSE direction. This valley extends straight toward Danville, about 9
miles distant. In the southwest corner the wvalley has a smaller opening
which is probably not very significant meteorclogisaily, but does provide
the only water stream leaving the valley.

The floor of the Livermore Valley is relistively flat containing
only a few small hills, It slopes from sbout 600 feet MSL (mean sea level)
in the vicinity of the site to about 400 feet MSL in ths western portion.
There are hills on all sides ranging from 1,000 to 2,000 feet MSL.

The location of the Livermore Site is shown on page 10. The site
is a converted naval air base approximately 3 miles east of the city of
Livermore. The controlled area of the site is about 1 square mile,
Location of the site with respect to the San Francisco area is shown on
page 11,

The main population centers are located in a westerly direction from
the reactor site. The largest of these is the Parks Air Force Base,
about 10 miles from the site, which has a complement varying from 10,000

to 15,000 men. The next largest population center is the town of Livermore
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311 Meteoroiogy ()

Wind speed and directionsl roses prepaced by the UoS. Weathsr
puresu indicates that mest probeblie daytime winds are those with a
southwest diracticn. 4 pronounced wash peak exists in the summer half-
year end & rorthsast pesk exists dvring the remezinder of the yeare. The
changes are associated with twe opposits 1y directioned ssesonal regimes.
During the summer the interior valleysz ars neated through the day,
developing a large temperature differsntial bstwesn the air in the valleys
and the relatively cool marcitime sir of the San Frencisco Bay Region,

The colder air then rushes injani, TWis phansmenen Salurs glmest daily

with considerable reguiariiy durin sumer, During
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fall and winter tue temperature gradient s darsctad in ths cpposite
sense, and the fiow from east to west througn A2 tamont Pass produces
4 northsast wind frequency maximum, aitbcugh this is le=ss pronounced
than is the summertims effsct, DNeytims wind zpred during the year rarely
exceeds 31 miles per hour and is normaliy less than 18 miles per hour.
The msximum wind spasd observed was &7 wphi no ternadoss or harricanes
have cccurred.

The main differsnce between night windz end day winds appears to
be the higher frequency of valms apd & iower fregusncy of winds above 18
miles per hour at night. The locatiin of tre direction maxima is much the
same.

o £

Nc data are available for winds alolt a

ct

Livermore, At Oakland,
however, grourd wind sps«ds are campaxaols to wind speeds at 500 meters am
750 meters with a slightiy higher MWW and MW dirsction frequency.
Although no radiosonde records are aveilable for this region, the
Weather Bureau has predicted that unsteble conditions will predominate
during the day with isothermal or inversion conditicns during the night.
Because of the somewhat high frequency of low strata during the summer
nights, more frequent isothermal or sven unstable conditions beneath the
cloud base can be anticipated than wouid be feund if the nights were all
clear. A low-level inveraion layer, associsted with the Great Basin
Anticyclone, might persist in the valley for a number of days during

the winter months.




The weather, in relation to the operation of the proposed unit
in the Livermore Valley is generally faverablie. The winds blow directly
towards Livermore, the closest center of popuiation, only 9% of the time
during the year. During periocds of precipitation, the wind blows towards
Livermore only 6% of the time. The rainiest month, January, averages
only eleven rainy days. These conditions greatly reduce the probability

of serious contamination in the town of livammore.

3,12 Seismology{3}

For the period 1926 to 1953, 53 earthguakes occurred within a 5

mile radius of Livermore., All of these quakez were of an intensity of
less than V on the modified (Mercalli Scale of 193i). (This seale is
included in Appendix III)., Design for earthquakes of this magnitude

is well understood and no problems of hazards sre anticipated, The
earthquake of 1906 which caused major destruction in San Francisco was
felt in Livermore cnly to the extent of about VII on the Mercalli Scale.

3,13 Geology(3)

There are two theories as to the formstion of the Livermore Valley.
One clains the valley was formed by erosicn and dissection as the region
around the valliey experienzed an uplift during buckling and warping of
the earth's crust. The s=2wsond theery indicates the valley was formed by
great faults that let the ground surface fall several thousand feet. Both

theories of formation, however, lead to the development of a large bowl

filled with water-bearing gravel (Pliocene) and sealed on all sides to

i passage of underground water from the valley. Because of relatively heavy
: rains during the season and the steep sides pressnted by the newly formed
valley, large quantities of coarse gravel were washed into the floor

of the Arroyo Valley, Arroyo Mccho, Arroyo Las Pasitas, and other drainage
areas, leaving a second layer of water bearing gravel on top of the Pliocene
gravels., This latter process is still occurring but, as the valley has
f£ills, the streams become more meandering on the valley floor and the
large gravels have, of recent years, been deposited on the eastern edge

of the valley while only the silt is carried to the Pleasanton side.

This has resulted in a 30-40 foot silt cap on the eastern edge, gradually
decreasing in thickness, until at Livermore, the coarse gravel is apparent

é in surface outcropping.




Water percolates these surface gravels easily (approximately 10 cubic
feet of water per square foot of superficial surface per day) and the
gravel beds rapidly saturate esch rainy sesson. Relief, after filling,
is provided by seepage to the surface through the siit cap at the eastern
end of the valley and outlet to the sea via the Niles Gap. No underground
water escapes via the San Ramon Valley. During the summer months the
water table is lowered by pumping and by evaporation. At the surface
evaporation from the water table can asccount for 45 inches per year;
however, this rate drops to zere al a water table level of nine feete.
Water passage through the gravel bed is estimated at 30 feet per day under
free flow. The actual flow, however, will be dictated by pumping
demands, evaporation fiom the lower valley, and filling of the gravel

bed during the stormy season.




the regulating rod is worth about 1% in reactivity.

When the reactor is scrammed, holding magnets which ride within
magnet guide tubes attached to the special element, release the absorber
rods which then fall, by gravity, into the core through the special
fuel elements. The fall of the rods is cushioned bty shock absorbers which
also act as the magnetic armature. The magnets release the control
rods within 15 milliseconds after the scram eignal is received and
the release ig.iﬁéigéted by & microswitch contact located on the magnet.

The regulating rod, not being heid by a magnet, does not "participate®

in the scram.,

The holding magnets ag well as the regulating rcd connect through
extension rods to the control rcd drive actuators located at the top
of the tank. The actuatcrs; of the rack and pinion type, sit on a
support plate which duplicates the element positions on the core grid
plate so that the actuators can be positioned over any cof the 35 grid
spaces, The actuators are connected to the extension rods by oveisized
flanges with large bolt holes. This slack plus the built=in adjustments
in setting the actuator support plate allow for alignment of the actuators
and the special fuel elements. On page 53 a picture of the actuator
is shown and it is discusssd in section 4.2.

The nuclear instruments for the reactor are located in separate
thimbles underneath the grid plate, away from the contrecl rods. An
antimony-berylliium source will be uged for startup and this source will
be kept in the reactor.

The whole reactor tcp is enclcsed by 1/4 inch steel plates which
can be removed in sections to psmit refueling, inspection and maintenance,
The cover plates direct radioactive gases produced in the reactor
into the ducting system, and since the plates are alsc fastened to
other structural members, they provids some deterrent to expulsions
from the reactor, although they are not primarily intended as a pressure
seal, This structure must be removed to perform maintenance and refueling
operations on the core.

Three feet above the reactor core, attached to the tank wall, are
located the spent fuel slement storage racks which are provided to allow
fission product activity to decrease befcre fuel elements are stored

in the floor facility or are returnsd to chemical processing.




The demineralized water in the tank, the six foot nigh 2=1/2 incu
1ead section and six foot thick magnetite concrete provide shielding
at the reactor room floor level. The six foot concrete section extends 11
feet upward where it tapers to 3 feet at an elevation of 13 feet. (See
sectional view of reactor on page 17.) The 12-1/2 feet from this point
to the top is formed of ordinary concrete.

All concrete sections in the reactor room, the floor, the foundation
pad, the igloo blocks, as well as the reactor shield are reinforced with
steel equivalent to 1% of the area for earthquake resistance. The
addition of magnetite as a heavy aggregate provides for a shield density
of 220 pounds per cubic foot. The reactor faces of the shield are lined
with 3/4 inch steel plate. The 2-1/2 inches of lead shielding is bonded
to the outside of the aluminum tank to assure heat transfer to the pool
wvater. Small thimbles are set into the shield in which gamma counters
can be lowered to check the radiation levels at various distances from
the core. In addition, thermocouples that are also set into the shield
will be used to check concrete heating.

The step at the 11 foot elevation is used as a balcony which is
reached by a staircase placed next to the igloo wall. This staircase
also provides access to the reactor top (see plan and section views of
reactor building on pages 30 and 31,) Guard rails are provided at the
balcony level and on the reactor top.

3.21 Experimental Facilities

A schematic of the reactor core on pageé 21 shows the experimental
facilities that surround the core. The elements on the reactor grid
illustrate a possible configuration of fuel and reflector elements
when operating with the central thermal®flux trap". As mentioned before,
a total of 35 fuel and reflector positions are provided on the grid plate.
In order to permit the grid positions to be used for either fuel or 42:5.
reflector elements, the reflectors are made of (AGOT) graphite canned A
in 2S aluminum of the same externsl configuration as the curved fuel
elements.

With the central "flux trap™ in the core approximately 21 standard
fuel elements and 5 special fuel elements will be required. The exact
total is dependent upon the burnup conditions which exist in the various
fuel elements. Vacant grid positions are filled with reflector elements.
The average thermal flux in the core is about 7 x 1012 n/cm -sec and the

thermal flux in the central void is about 3 x lO13 n/cm =SeCe




To this flange is bolted the beam tube proper, which as before consists
of a stainless steel section and an zluminum extension cantilevering
into the tank. Through the annulus formed by the two liners, cooling
water is circulated. A vent connected to the reactor tank proper prevents
air from being trapped in the annulus.
3.24 Through Tube

A 4 inch diameter horizontal through tube labeled T1-T2 is provided
through the east thermal column. Again, this facility is made removable
by providing aluminum sleeves in the concrete and the thermal column, |
The aluminum sleeves in the concrete’ are flanged toc a stainless stesl
section which is welded to a vestibule section. The aluminum through
tube passes through the sleeves, and the flange and a rubber gasket at
each end of the sleeves prevents the escape of pocl water but permits some
thermal expansion of the tube. The air in this tube is purged to the
experimental ducting system as is the air in the thermal columns and the
air used in the pneumatic tube system.

3.25 Irradiation Ports

Four 4 inch diameter aluminum irradiation ports terminate on
the balcony. These tubes curve toward the core at a constant radius
and flanged, gasketed, sleeves provide for their removability. The tubes
are filled with demineralized water to aid in shielding and only small
plugs are necessary to reduce the radiation to tolerance levels., The
opening in the shield wall is closed by a hinged metal cover plate that
is provided with a padlock. Two of these ports end in the east thermal
column and the other two terminate tangent to the north and south faces
of the core.
3026 Pneumatic Tubes

All three 1-1/2 inch pneumatic tube systems are removable from the

reactor proper by having them not pass through the concrete shield, or if
they do, by using the sleeve technique. Send=receive stations are

located on the north shield face and the south ghield face. The north face
has set into the concrete the necessary tubes to provide a receive

or send-receive station in the Chemistry Laboratory. The north station

is utilized for pneumatic tube system R2 and R3 although only one may

be used at any time, All stations are supplied with timers that
automatically return the carriers., The Rl facility is the station located
on the south shield face and its irradiation stop is in the lead of the

east thermal column., The R2 facility ends in the east thermal column proper,




'"3nd R3 terminates in the reactecr ccre, sither in the centzr or at the
outer reflecter positicn on the norih side,
The carriers are transported by & vacuum system. Alr is drawn
through a Cambridge dbsslute Air Filter {through the send staticn) and

by vacuum transports the carrier to the stipe The air continues its flow
t

by being drawn to the turbo stmpressor througn
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by placing the send tube in an ajuminun tubs 2nve

e

in diameter. The compressor exhausts this air ints the air purge
ducting system. The carrier is returned by rzversing the fiov of air,

All pnewmatic tube sanding staéians are padiceked and a master
switch, located on the conscle, must b2 pressed to permit pueumatic
tube operaticn, In additicn to these safeguards, szveral additional
precautions ars taken against accifental oreraticn of the R3 system.

In order ts use the Ro facility. a zection of straight tlubing in
the send staticn must be manually removad snd this is then rsplaced w1tp\
a curved tubing section ccnnecting ths send station to the R3 faciiity.
This secticn of tubing is under Isck and key under the control of the
supervisor. A schematic =f the R, facility is shown in the drawing
on page 28, i

This facility extends over ths top of ths reactor structure to
a swivel connecticn through the top ¢aver rlate and then curves into one
of two positions 2n the reastor grid tiets, A esm lozated wnder the
reactor top suppart plate prevents the fac. ity frm being removed from
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the core without first removing ons Juarter >f
the grid.

The R3 faciiity is suppurtsd by the reactor top cover plates sway
is prevented by a bracket plazed 10 fest beliuw the water surface a2nd by
the tube extensicn that mates with a grid plate support hole.

3.27 Other Experimental Elements

Additional experimental facfilities sre available in the LPTR
by using specially designed fuel elemsnts to hold samples. The semples
in these elements will be attschad

t
only by removing the compiate assembly. Thay will bs constructed in a

-~ the =lemant and can be removad

manner similar to those used en the MIR.
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The remaindsr of the suss. ohs

SDOVE gPAUdS 0 foab va oTA L wabldon g

the maximum possible barometrig pressurs differential of < raie  In acoordance
with standsrd commercisl practics for housiags of this type, a sosp buchie
test of the shell shall be mads

1. Cloaz all cpenings,

2 |
. LA . . i
2. While hollding 2 psi bressurs, a vrly :c&p*‘ﬂ” le 81 welidad -
seams, 211 cpenings in shell, doors and et Tass of shall,

3, If any lesks sre found, relsess pressure, repalr and reteste

Lo Hold 2 psi pressurs as long ag required to determine isakags
o 3

rats. If the totel leskege i3 akeve approximstsiy 3% per day
then adjustmentz will be instifutsd to reduce the leakags.
w 2

5, Releasz rrazzurs and inspest reactor tuilding.
3,21 Specisl Preceibions to Assurs alc Tipht Featers of Reacter Building

The personnci sir lork, connesting the laboratory and reactor

pbuilding is .constructsd of stesl and fitted with tws mechanioelly interiocked

ancous opening of the
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gteel docrz. The mechanical interics
two doors. All doors in the reactor ouilding are fabrica ted of steel,
. for rigidity, and swing inward sc that auy internal praszure buildup wiil

prraszure buiidup there is a—EiEEEE/)

not waseat their gaskets, In ths evant of 4

pressure equalizing device for eas2 in npening the air lock doors.

A1l doors are alsc strass rellsved in arder te eliminate internal stresses,
induced during fabricsation, which might cause warpags. The frame of each
door is set with 2 minmum 4 §neh high =311 zuffifcienl to enabie the

building to contain ths water In ths reactar posi ewveu though ths doars ars

open, Opening of the trusk door iz s graled by an indisater agdt maunted
on the control pan=l in ths control toome The sscage deors ars spring .loaded
to insure that they are «inas d at ail times.

A steel building of this z3za, when sesled tight.

s

an external pregaure diffarsntia® of 23 ounses per fguar

cause it to buckis, although it wsuld not rupturs th

i

2

to prevent this unstable condition, snd in view of the fect that invard leskags
can be tolerated, a wvacuum reli=f mechaniszm ‘¢ providad, Two ddentivel
vacuum relief valves. mounted ov the porlh 2nd gouth &ldes of the buiiding
shell, are set to admit air ints the building if ths external prasmue
should exceed the internsl pressure by cng nunss par squsre inche

The intake to the air conditisner and the oylindricsl stack Joasted
8t the top of the stesl building dome, are ths only openings to the

external environment, Both of thesze are equipped with s-lencid operated

(S

closures to seal off the building in case of an accidento




3,32 Air Conditioning System
The reactor building is heated in the winter and c¢ooled in ths

means of a self contained air conditicning unit located in the

sum[ﬂer by
ochanical equipment rcem of the laboratory building. This unit

gupplies sufficient fresh outside air through a duct arcund the reriphery
of the reactor building to completely change the air at the breathing
jevel twice every hour. Incoming outside air is c¢ontinucusly filtered

by the air conditionsr, )

Air is exhausted from the reacter building through a single
pladed louvre by means of a blower mounted in ths stack on top of the
puilding. {See page 31.) This Zouvrs is fabricated of heavy guage
gteel, sufficient to withstand the internal vressure of the building,
and is neoprene gasketed to prevent leakags of air from within the
puilding when the louvre is closed. Fresh air will enter ths building

through a damper in the air conditioning system. This damper
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fabricated of neoprene gacgketed heavy guage stesl, Solenoids are used

to open both the stack louvre and the fresh air intake dsmper against

the action of a spring. A radiation monitor, Incated in the exparimental
facilities exhaust duct; ssmples &ll effinente fiom ths faciiities.

Should the amount of air-borne radicactivity rsach a predetermined
both damper and louvre soZencids would be deesnsrgized, 2issing off
the building from ths external envirnnment, In the event of a power

failure both the sclenoids would act 12 seal tha building,

o

3

The maximum tire elapse between an impulse fron the axpsrimental

5
he bullding is estimatad

ol

facilities monitor and complete sealing of ¢
to be less than one second, The minimim time resuired for ailr te travsl
from the experimentszl facilitiss monitor to ths sxtisuat Zouves in the

slack is calculated to be 4-1/2 gasonds, This providss sdejuate sesurance

that no highly active effluents can bs discharged te ths atmosphere.
P

k)

3033 Decontamination System

The reactor building is pruvided with a decontaminataon system
for use in emergencises., Thisg degontanination system {5 Jesignsd o
fter 5600 cubic feet of air per minute, which is equivalszsnt to
: filtermg the entire contents of the builiding svery 45 minutes. The
flov of air is from the reacter building into the air sonditiviing Guet
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3+35 Mechanical Bouirment Fit
A mechapisal equipment pit 15 x 18 x 13' fest shown in the

contain the fo1lowing major pleces
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't for tuce futurs units
e
regenr

Fneumatic system turboecompr

ruEps sxespt the sump pamp =re mounted
ki
e

in oyder that they remoin dry if

sufficiently

the totel contats

c = 2

spilled inls the pit.
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the pit iz through removable reinforced,

into the waats Tank.,

concrele f.evs waich farm s part of the main fioor of the reactor building.

3,36 Drans and Monoyai

The main srane, =L 15 tons rated capacity, is an overhead, slectric
raveiLing <rene witno oo flosr aoverage of 51 fest by 34 feet. The
trave >
center of th he gecmetrice center of the

floor Govers guxiliary heist of 1 ten

capecilty ¥ provided with the sawme floor coverage. Both the main and
auxiliary holsts havs a maximas hook height of 27 feet, Further
1ifting fiexibility is ohtained by virtus of a two ton monorail hoist,
situated stove the mein avans. This has a 32 fo3t run perpendicular to
main erane rell and & hook beignt of 45 fest,

The main <¢rans hiist motors are variadle sceed motors, capable
of 1ifting their rates Lock loads as :low as 3=1/2 feet per minute,
Trolley trave. =f the main wrene veriss from 10 to 50 feet prer minute,
The moncrail bist motir ia az&y s variabls sp2ed moter, capable of
lifting its rated nock Ioad at 7=/2 fast per minute, On all hoists
accurscy of control s maintained through-magnetic brakes,
3,37 Heutron Windows=

== i

Twe siminum Dorts, & f2et an diametsr, l:rated as shown by drawing

-~ o - -

on pags 20, =ra coinsident with the canterlines of the 12 inch beam

hole snd ths % 1uch besm nalz, Theses ports, boltzd te a gagketed frame

3 2 P -

in the buiid:ing shell are air tight sud provids £5r the posssible extension
of neubtron beawms which may be neczssary in xaklng fgime of fIight"
experiments., Alsc, 1t is poszible to connect decontamination equipment

to these rlangss,

3,38 Fuel, Elerment aod Scurce Storags

This pit is Jocated below the reactor rcom floor and will be
used for storags of fuel elements, plugs, and "hot" substances. Access
to the pit shail be through & stesl cover plate, flush with the floor
which is secursly padlocked. Only authorized perscnnel will be allcwed
to open this pit. Below the steel wover plate are carbon stesl tubes
Provided for beam hole plugs and thirty 4=inech diametsr aluminum tubes
8trategically placed so that a critical configuration of fuel elements
18 not possibie., These tubes are sunk deep intc the groundto be able
to use water shielding, and they are capped at the bottom to prevent
leakage intc the subsoil.

e
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ltaziiities, and other auxiliary

equirmant will raquire conntinuously circulate
cooling waler or alr Shrough some faciiiiies or internittently purge

pthers with deminsvalized water. Outiinsd belsw is 3 deseription of

=D

characteriztizs of sach. The oomplets rio.ng array is designed to
permit the Sisxilie suats o F 2ll garst ng and auxilisry equipment,

Liberal sl avanzss ars wmads Lo perait safe foeraticn of funcelional

coipprnenls o daste of ramooe possibilitise of hazardous and non=gtandaird

The maln Zoop sseling svelem conaists of appropriste piping and
valves for clrouslating wabsr st 1000 gen through the zore in a downward
direction, throvgh a ¥-1dup cank and ints the cquipment pitl where a
circulating pump mainvaiss £lww throuz s a tubs and shail heat exchanger
and subseguentiy, baox The system holds an

estimated 22,000 gall_ oas ol sed water, The water enters the

lcop frow Lhe react-r reactor core; developing
an adequste fiow through the rere, Toe hest sxchanger has a design
W

or @a¢ling water through

capacity of 3,500,000 Btu/ilr, Operating =t a power level of

r=a

I

]

there wiil be s 7°F terparature rise ir

=+
&
—
s
G
ct

] 71

Y
the cere frow 8577 o 22 t> the lieat oxchanger is

Fo Comiing water

supplied at 1400 gpm from =i externsl »ood iiag tower at 80°F, The exit

temperature of the heat e: <changer con~)ing water is 85°F, In the main

loop a 3,000 gallon boldip tank has been spscified to allow an approximate

3 minute holdup of the bulk strsem Tor redinactive decay of N=16 prior to —

entry inte the vquipment pite. Materisla of construction for all of
this squipment will be siuminuc with the excaption of the steel
cirewlating pmp and veivas, Ilsolation gsections are installed at
&ppropriate points to prevent galvanie corr~sion between the iron and
aluminum,

In the event 5 MV operation at scme laler date is desired, all

wderground proziss pipin and the 3,000 gzllon hcldu tan are sufficientl
P biping 9 24 J

8ized to provide for the necessary increased flow rate., An additional

¢irculating pump and incressed hest cxonacge capacity will be needed,
- however,
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Tria Sanmu.sra s wnit will contain an

/ V"

excess of cation capacity for the remcval of radizactive sodium which é”” Jv

[z
is expected to originate from n—=Crsacstion within ihe reactor care, A 'Y

(l

separats catlon sxchangs will provide mean: -f rescving mest radicactive
contamivants from ths stream prior to entry «{ the ztream inte a mixed-=bed
denineralizer <ontaining both anion and cation resins which will complete
the remgval of lonized particles. In this system the anion axchange resin,
which is quite susceptibla to radiation, will be protected from exposure

to the buik of the radioactivity, The fiiter unit wiil TEmove any small

)

articies of exchanger resin which migott be - antrained from the aanlnerailzer
L‘) ©
4.
[¥3

units, It is sxpected that the specific o 1iuhunv1Ly of the water leaving
the demineralizer will maintain a weximws 27 I nicromho - centimeter,
With this amount of purification a gperific conductivity in the main loop
vater of betwsen 1 and 2 micromhos—gentimater will be maintained,
3043 Drain Locp

To permit ozcasional draining of the reactor tank, temperary storage
of reactor water iz provided by an underground 10,000 galion storage tank
with connection: to the bottom of the reactor tank, Draining is effected
bty gravity, The storage tank is provided with a protective ccating to
avoid entraimment of ioniszed particles, In thé event that the reactor
tank overflowe, a gutter around the insids adge of the tank top is
comected to a pipe which leads to the 10,000 galion storage tank, “he
siorage tank water also can be discharged to the waste disposal system
as well ag back into the main locp system. The tank is vented through
the main buiidin ing stack. Should eontaminated water enter the storage tank
1t can be withdrawn through appropriate transfer lines and valves to
external dispssal facilities., The storage tank is equipped with a liquid

level indicator and alarc and a tempsratura recorder,

=39
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3,44 Waste Disposal
To provide for proper handling of radicactive liquid wastes that

may require temporary storage two underground 1500 gallon plastic—coated
tanks are provided. An outer equipment pit gutter, all laboratory drains, \
and the reactor .oom floor drains are serviced by the two‘tankso The magnet
pit drain, reactor drain line, and the inner equipment pit drain fiow
jnto the equipment pit sump which is emptied by means of a sump pump
which discharges the water into either of the two waste tanks, Also all
waste solutions from the demineralizer regeneration operations will be
transferred into the two waste tanks for subsequent disposal. The total
capacity of the main loop system can be transferred through the waste
tanks or storage tank for subsequent disposal to sewer iines or to
external waste disposal equipment. Manipulation of valving to transfer
any contaminated water to vessels external to the reacter system is
accomplished with remote valving located outside the reactor building.

The two waste tanks are interconnected with common overflow lines.
The instrumentation provided for the two waste tanks will be radioactive
monitoring equipment plus liquid level indicators and alarms and temperature
recordel, Also the equipment pit sump will be equipped with a tiquid
level indicator and alarm.

3045 Irradiation Port Loop

The four irradiation port fac:lities will be provided with a means
of purging each tube with demineralized water directly from the exit
side of the demineralizer., This water will perform & shielding function
and will not be circulated. Furging will bs effected cnly for purposes
of maintenance or in the event the c¢onductivity level of the water presents
a corrosion problem., Sufficient pressure to facilitate drasining of the
ports is provided by a 10 gpm pump located in the eguipment pit. Overflow
piping to the waste disposal tanks is provided from each port.
Instrumentation in connection with the irradiation port facilitiss consisis
of a liquid level alarm near the top of each facility tubso
3.46 The Beam Hole Loops

Each of the six beam plugs is provided with circulating cooling watsr
from the main loop. The discharge pressure of the 1000 gpm pump is

used to circulate process reactor water through each facility plug and i=
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(—uTHISCOF‘r Fi - ATOMIC ENERGY COMMISSION 518 = :ru‘u%‘n‘meevfmj
=SAN FRANCISCO OPERATIONS OFF ICE Qakland 12, California

Modification No. 7
Change Order fto
Contract No. AT(0L4=3)-70

ONFORME@ COPY January 7, 1958

Route

L Sheet | of 2

5 -

%;Ql?ﬁf ‘oster Wheeler Corporation

7_?’3_ /6/26 Fifth Avenue

———iﬁ$f——.ew York 19, New York=

iij%%%%——Genflemenz

T NOG

——f%p"~——Reference is made to Article IV of your Contract No. AT(0L4-3)-70, dated

‘_’Téi—f—“““e 30, 1955, for design, construction and test operation of a one-
‘Mﬁf_ megawatt pool-fype reactor and associated building located at the Atomic

——Energy Commissionis Livermore Site, Alameda County, California.

|
Tee ¢ It has been defermined that it is necessary and in the best interest
———““1“‘of the Government to modify said contract in certain particulars:

_——r*_—‘“l Extend the resctor shield foundation from a depth of L'-0" from
Return To UC the top of the floor siab to a depth of approximately L'-6" to
149 Bldg. 5 reach sol| of a proper bearing capacity.
2. Increase contract price for this Item No. | $L418.00

2. Extend the laboratory electrical service lines in accordance with
UCRL Drawing No, LI93MIO0LE, attached hereto and by this reference
made a part thereof.

Increase contract price for this Item No, 2 shit o1k

3. Revise reactor building illumination system in accordance with
the Austin Company's drawing E-5, revised December 9, 1957,
entitled "High Bay Lighting - Reactor Building", attached hereto
and by this reference made a part thereof,

Increase contract price for this Item No. 3 $L,389.00

i As a result of the modificatlions outllined hereln In |tem Nos.,
| through 3, Phase ||| of the contract price Is lIncreased
$5,218.14 to a new total of $31L,775.80 and the new total
contract price Is $420,350.55,

5. DbDue to e strike, revisions made in [tem No. 3, above, delay In fuel
elements furnished by the Commission and developmenf of the need for |
alodizing of fuel elements at a critical time, it is understood and 'v

agreed that the contract performance time is extended through the Q,}» )
close of business February 15, 1958. . q;/

t
1’ :
A



> Modiflcat ion No. 7
Change Order fo
Contract No. AT(04-3)=-70
January 7, 1958

Sheef_g_of 2

6. In addition to other agreements or stipulations above set forth,
It Is agreed that:

a. The work which Is covered by these modlficatlons does not Include
any work which the contractor Is already required to perform by
the terms of the contfract.

b. The additional charge, above set forth; does not Include any
amount which should be borne by the contractor under the original
terms of the contract,

c. All other ltems and conditions of sald contract as it hereto-
fore may have been modified shall be and remain the same.

If the foregoing modificatlons of said contract are satisfactory, please
note your acceptance thereof In the space provided below:

THE UNITED STATES OF AMERICA
BY: ATOMIC ENERGY COMMISSION

By /s/ de E. Armstrong

Je E. Armstrong, Director
Engineering Divislon

S

The foregoling modiflcatlons of sald contract are hereby accepted this
16 day of January , 1958,

FOSTER WHEELER CORPORAT |ON

By_/s/ mactin Frisch

Title Vice Presldent
[, Vincent J« Schwingel , certify that | am the Sece.
MEFTTHFPTEeS

of the corporation named as contractor hereln; that
who signed this agreement on behalf of the contractor was then__yjlgg EES%' B
of sald corporation; that sald agreement was duly signed for and on behalf of
said corporation by authority of Its governing body, and is within the scope
of Its corporate powers.

IN WITNESS WHEREOF, | have hereunto afflxed my hand and the seal of sald
corporation this 1é day of Januery , 1958,

/a/ Vincent 4. Schwingel
(Corporate Seal) i Secretary
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. . CONRTE AAER: MODIFICATION NO. 6

¢.¢}) SFYPPLEMENTAL AGREEMENT TO
CONTRACT NO. AT(O4-3)-70

SUPPLEMENTAL AGREEMENT

Route 6
i 180t This SUPPLEMENTAL AGREEMENT is entered into this __ day of

o | ’
Route Si DEC

R 1957, effective September 11, 1957, between the UNITED STATES OF AMERICA
/[ ¥(called the “Government®), acting through the UNITED STATES ATOMIC ENERGY
v/ |R%3 ¥ COMMISSION (called the *Commission®*), and the FOSTER WHEELER CORPORATION

(%0 . /laws of the State of New York, with its prin ipal offices located at
J Iy 165 Broadway, New York &, New York.

Wha |

98 1Yy . . . . . . ;
UEEE; WHEREAS, the Commission desires to obtain architect-engineer inspection

of the contract the following sentence after the words " - Appendix D

to this contract::

"Contractor shall also commencing on or after September 1, 1957

G¥ | (called the ‘Contractor®), a corporation existing under and by virtue of the

MR | services from the Contractor for certain fuel elements furnished to the Con-
agA tractor by the Commission for installation in the LPTR which said services
v | were not previously provided for by this contract; and
;; - WHEREAS, the Contractor is agreeable thereto upon the terms and conditions
hereinafter set forth.
AGREZMENT ~ NOW THEREFORE - Contract No. AT(04-3)-70, as previously amended, -
Return 10 L is further amended as follows:
149 Bldg.
it l. There is added to the Phase III subparagraph of paragraph 2. of Article I

furnish the necessary engineering and technical services to inspect
and shall inspect as soon as reasonably possible thereafter certain

LPTR fuel elements furnished by the Government, said inspection
work to be performed as set forth in letter to Contractor dated

October 28, 1957 and signed by J. E. Armstrong. Upon completion

of and performance of said services Contractor shall be paid
the lump sum of $783.41 for such work upon presentation of

proper invoices and vouchers, such payment to be made independently

of any of the provisions of paragraphs 2 and 3 of Article III
of the contract entitled fPayment?.i®

2. So much of paragraph 1l. of Article III "Paymenti! as amended as reads

* - the sum of three hundred eight thousand, seven hundred seventy-four

dollars and twenty-five cents (%308,774.25) - ii is deleted and there
is substituted therefor the words and figures ¥ - the sum of three

hundred nine thousand, five hundred fifty-seven dollars and sixty-six

cents (%309,557.66) - i.

3. In addition to funds previously obligated for payment to the Contractor

hereunder the Commission hereby obligates the additional sum of

*783.L1 for a total obligation of #309,557.66 under the contract._,
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MODIFICATION NO. 6
SUPPLEMENTAL AGREEMENT TO
CONTRACT NO. AT(0L4-3)-70
Page 2

Except as herein provided, all the terms and conditions of Contract No.
AT(01.-3)-70, as previously amended, shall continue in full force and effect.

IN WITNESS WHEREOF, the Government and the Contractor have executed this
Supplemental Agreement, intending to be legally bound thereby.

THE UNITED STATES OF AMERICA

By _282 /é/ J. E. Armstrong
Jo E. Armstrong, Director
Engineering Division
San Francisco Operations Office
U, S. Atomic Energy Commission

FOSTER WHEELER CORPORATION

By /s/ Martin Fgisch
Martin Frisch

Title Vice Pres.

I, /s/ Vincent J. Schwingelcertify that I am the Sec. of
the corporation named as Contractor herein; that Martin Frisch who
siened this Supplemental Agreement on behalf of the Contractor was then

Vice Pres. of said corporation; that said Supplemental Agree-

ment was duly siined for and on behalf of said corporation by authority of
its ~overnin~ body, and is within the scope of its powers.

IN WITNESS WHEREOF1 I have hereunto affixed my hand and the seal of said
corporation this _!6th day of _Dec. , 1957,

SEAL /s/ Vincent J. Schwingel
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febroary 13, 1958

¥r. H. A. Mldler

BAN Operations Office
Atomic Energy Commission
£15-174h

Cakland, Caliiomis

Dear Mr. Fidler:

LPTR TEET AT 5 WIGAWATIS

The contrect for the design snd constructicn of the L¥TR epecifies

that the resctor itselfl shell be cspable of five megawatt operation

vhen additional cosoling copseity is made svailable. The ¢mly way to
ssvertain wiether the LPPR msets these specifications is to operate 1t
8t five mogewatts for & brief period. Such operation is neceasary
becmase the heat transfer charscteristics of the lead-wster surioces

ave complex non-linesr funetiond of the power end cannot te extrapelated.
from lower povers. The ssme conditions obtain for possible hot spots
in the fuel elements o the core.

It is particularly important that these effects he investigated defore
there has bead Pivlongsd operation st coe megavatt since any remediel
meesuyes necesnary will reguire dccese to the core. After suy appre-
ciable one megawett operaticn the stored f'lssion fregments in the fuel
pletes will probibit such access and o cosmplete clean core loading
would e reguired.

This problem has besn dlscussed with the Fuster Wheeler pecple snd thay
are of the opinion that such testing is pot reguired by thelr cantmmot.
Kr. Amstrong bas been contacted regarding this ccnflict of cpinion and
be ie considering the question in light of the contract, Should such &
test be & legitimate part of the comtrect, it should e recalled that
the Yoster-Wheeler crev is scheduled to leave Mavch 1, 1958 end w0
immedinte acticn ie called for.

ghould such & test be undertakesn, it would be under the felleving condi-
tions.

1) There are twenty themccouples imbedded in the lead thermal
ehiield and £irty in the copcrete. In additien there is oo
fuel element with five thermscouples Lundad te the surimee.
These thermocouples will be resd on & ten point recorder
eqguipped with & monusl selector switch vhich will pormit
reading of successive groups of ten couples up o onme hundved
tventy total. VW,-

9
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2) fedistion intensities eround the reactor will be momitered
at ons wegeweit and the Se-megavatt test will mot be run wnless
extrapelation shows no unsafe comdition, will result.

%) Ko morxe thes nommal cne megswatt excess resctivity will de
svailsble. .

4) Previcus operetion vill have been less than 50 MVE so the
totel amount of fiscion fragments {in the core will be amall.

5) The epprosch to S-megevatt opersticn will be slow enough to
peruit all thermocouples te be read at least twice during the
rise from onme megewatt to five.

6) The test will be stopped immedlstely should sny of the rallowe
ing conditions appear:

a) High redistion levels in reactor room or process equipment.
b) Core cutlet weter tempersture in excess of 13%0°F,

¢) Conerete temperature in excess of 250°F.

4} lead temperature in excess of S009F,

¢) Fusl plote temperature ip excess of SOOF.

f) Any indication of core steeming, such es bubbles or reactivity
fluctuations.

The temperature limits have been fixed in consideration of the
seftening point of leed (~ 550%) and the boiling point of water.

The test will be contimuad until either the temperatures being
monitored stabilise or cne of the conditions in precaution 3 sbove
oecurs. In 1o csse, hovever, will the total yover expended
exceed LO-pegavatt hours, the equivalent of cne weeks single shift
operetions,

Very truly yours,

A. J. Kirsehbeun
AJK:khs

g - A

3.3, Reynolds
D Bevell
i3
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May 2, 1958

TO: General Administrative Distribution List -
Livermore and Berkeley

FROM: Albert J. Kirschbaum, Division Leader, Neutronics Division
SUBJECT: Open House

The Neutronics Division of the Radiation Laboratory
cordially invites the employees of U.C.R.L., Livermore and
Berkeley and their families to attend an Open House from
1:00 p.m. to 5:00 p.m. on Saturday, May 17, 1958, at the
Livermore Pool Type Reactor Building of the University of
California Radiation Laboratory, Livermore Site, to celebrate
the completion of the new reactor.

This one megawatt research reactor is the only high
power research reactor in operation on the West Coast.
Models and equipment demonstrating both the operation and
use of the reactor will be displayed in the reactor building.
Menbers of the Neutrorics Division will be on hand to answer
questions.

Entrance to the project is available via Greenville
road gate with parking facilities south of the reactor
building.

Neutronics Division looks forward to meeting the
employees of U.C.R.L. and their families and demonstrating
to them, in some measure, the activities of the IPTR in the
field of nuclear research.

AJK:AC
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A SUBSIDIARY OF AEROJET-GENERAL CORPORATION
P.O. BOX 77, SAN RAMON, CALIFORNIA (NEAR SAN FRANCISCO) TWX NUMBER: DANVILLE 1516

TELEPHONE VERNON 7-5311 e CABLE ADDRESS: AGNU
June 16, 1961
HEB:1ln
~ ‘,’?’
Py S
IR MW
S - I\,
Mr. W. B. Reynolds o
yn I f'g_‘d'/’

University of California
Lawrence Radiation Laboratory v 3
Berkeley, California jjj\‘ ﬁ

VA

Subject: Request For Approval to Use Irradiation Space in the LPTR at Livermore.
Dear Mr. Reynolds:

This letter represents a request by Aerojet-General Nucleonics to the University
of California -~ Livermore Radlation Laboratory for permission to use irradiation
space in the LPTR at Livermore.

Aerojet-General Nucleonics has been awarded Contract No. AF 33(600)-42996 by the
Aeronautical System Division, Wright Patterson Air Force Base, for continuation
of the investigation of a manufacturing method for the formation of hydrazine

by fission fragment irradiation of liquid ammonia. The exploratory investiga-
tions to be conducted within the scope of the contract will help demonstrate the
technical and economic feasibility of large scale production of hydrazine using
this method. A successful }B-reactii test,can be accomplished using a thermal
flux within the range of 107 to 107" n/cm~ - sec which LPTR could furnish.

It is to be noted that the in-reactor experiments required under the above men-
tioned contract are a continuation of the in-reactor experiments that were con-
ducted in the Livermore Pool Type Reactor under Aerojet-General Nucleonics
Purchase Order No. OP-002219, dated November 22, 1960, issued to the University
of California - Lawrence Radiation Laboratory under Air Force Contract No. AF
33(600) -40878. Minor modifications to the equipment previously used, and slight
deviations in operations will be required. Contemplated modifications and devi-
ations will be discussed with cognizant LPTR personnel, and upon agreement there-
to, will be incorporated in Aerojet-General Nucleonics' Safeguards Report AN-253
dated October 11, 1960 by amendment. Safeguards Report AN-253 was incorporated
by reference in the General Provisions of the above mentioned Aerojet-General
Nucleonics' purchase order.
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Mr. W. B. Reynolds June 16, 1961
Approval for Use of LPTR Page 2.

Assuming a favorable reaction to our request, Aerojet-General Nucleonics would
like to be informed of your recommendations as to the basis for use charges.

We feel that all other associated problems of security, access, and coordination
can be arranged to the satisfaction of the University of California Lawrence
Radiation Laboratory.

Our present time schedule for this contract calls for operational in-reactor
experiments to be conducted during the months commencing with August 1961, and
ending September 1963. In order to meet these required dates it will be neces-
sary to have positive arrangements made concerning the use of the LPTR as soon
as possible.

Aerojet-General Nucleonics will be glad to offer the services of our technical
people for any review of the proposed experiments.

A copy of our letter dated June 16, 1961, to E. C. Shute, Manager, of the San
Francisco Operations Office; U. S. Atomic Energy Commission, is enclosed here-
with for your information.
Very truly yours,
AEROJET-GENERAL NUCLEONICS
kl't‘ AT

H. E. Bohrer
Manager, Procurement

Encl: Letter to E. C. Shute, Manager
U. S. Atomic Energy Commission

San Francisco, Calif.

cc: C. Blue, UCLRL, Livermore, Czlif.
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Hr. Deene C. Semei]

dppaciate Mrector

University of Califormisa
Lavrawee Radistfion Laborators
P. Q0. Bow &08

Livermexe, Coliforniz

Subject: IQ‘C REACTR CONTROY RODS -~ LPTE
dear ¥Mr., Sewsil:

The reactors which kave baxom carbide control rods bLawa been

ef somn eoncerm because of ewalling pyobleme in che xods. Oae
#ack iaclident dnvolved the pesi zescgor s the Undversity of
Michiger as reported in pREP 1il-2, "Reperz tc thé ARG Copeerning
the Defovestioe of the Fawd Bacleaz Resctor Shie-Safacy Rads.”
Recantly there vas & stuflar experiance at the LPTR which wili

be descxribed In » vaprert to be fssusd shortly we anderstand.

Wa keve bean recuasted to obtein inforsation oo the iPYR eonsrol
rod performance a8 part of & surwey being wade on ull resctore
uslag %ais type of rod. We need two copies of ¢z information
ouildingd belaoy:

1. 4n eoginseriog drawing of the borem carbide sefety
veds wsed in the facilicy, including identification
oF & kiat of macewisle wsed sad their locerion in the -
Yods, and design dime=sicne and telersnces.

2, & brief owtline of eteps used in the wepnfaccyrs of
the rods. Precsugfone obgerved te clesa Bl from
the exea of the finel weld closure should be incleded.

3. Tosks eppliad to the wods, facluding any chacks of
leak-tighktness.

,
!/u lfrf-/ 2 QR



Mr. Duane C. Sewell -2 A& o, 1863

- -

4. Specificationa on moisture coutent of B,C at time
of loadiag into rods ox precautioms Lo %cap moicture
content minimal during rod fabricatiom.

5. Original measured width and thickeess dimencions
1f these are sveileble; dimsesdioms at suhaeqrent
ssagurements and dimensions &t the present time;
celculatsd or measursd cleavrance of esch rod in
its channel,

6. Anm indication of how mach {nternal pressure would have
to butld wp in a rod ian order for At to jem in the
guide chamnel, and an estimete of present internsl

pressurse.

7. & Gescriptiom of any swelling and/or sticking of
coatrol rods cbearved.

8. A descriptiom of any off-gessing obeerved from any
control rod,

g. A descriptiom of procedures used for checkinmg rod
dimengions and sa {indication of future gchadule for

such checking.

10. Any sddicicmal informetion related to this problem
which it is felt mey be helpful. . Aot

2'” a.tc kAL

Lf the repert on the recemt LPTR rod ewelling will be svailebls ) *tj« > f’f-{/
\&»—4( PSP A

within a couple weeks, perhaps it could be inciuded with the 4 ;
above tequested informatioe. ey '/”'/e,,

Your assistance in providing 2 tisely respoace to this zequest
is apprecisted.

Siscerely youxe,

By
~

'
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L. SUMMARY

The purpose of the Hydrazine Process Development Program - Phase 2
:8 to prove the feasibility of the continuous production and separation of
hydrazine in a reactor loop; to study this process and its associated
problem areas, and to further optimize a practical scale-up of the system
for economic evaluation. An integral part of this program is the continua-
tion of the capsule type irradiations performed with the Livermore Pool
Type Reactor at Lawrence Radiation Laboratory during Phase 1 of the program.

The hazards associated with the Hydrazine Program testing at the
LPTR are discussed in Section VI. Possible hazards have been placed in
four categories: (1) nuclear, (2) radiation, (3) chemical and (4) mechanical.
Based on the design safety factors which have been used and the nature of the
possible accidents which could occur, it has been concluded that there is no
significant probability of a dangerous situation occurring at the LPIR as a
result of the Hydrazine Program testing.

Previous irradiation work at LPTIR provided good technical data con-
cerning the chemical yield of hydrazine by the fissio-chemical processing
method; the irradiations were, however, limited in number and by operating
conditions so that optimization of parameters could not be effected. The
LPTR irradiation work must be continued to determine design criteria for a

" continuous in-reactor production and processing loop with the desired

operating capabilities.

The capsules used previously for LPTR irradiations have been modified
slightly to maintain desired operating conditions. The basic equipment,
however, remains the same: a primary pressure vessel containing liquid
ammonia and uranium in intimate contact, and a secondary pressure vessel
for contaimment. A layout of a modified capsule is shown in Figure 1.

flow sketch of the capsule is shown in Figure 2.

The primary vessel is divided into a lower reaction chamber and an
upper gas chamber and is fitted with the necessary sample lines and instru-
wentation. In addition, it contains a screw-type stirrer for suspending the
uranium fuel uniformly in the liquid ammonia during the irradiation. This
stirrer is driven through a magnetic coupling by a motor located in the
secondary containment vessel.

The secondary vessel surrounds the primary vessel and provides an
expansion volume to contain the test chemical mixture in the event of a
failure in the primary vessel or associated lines and fittings. 1In addition,
the secondary vessel houses the stirrer motor, the sample lines and valves,
the instrumentation leads, the pressure transducer and a coolant water
circulation system. The electrical instrumentation leads and coolant water
leads are brought out through the secondary vessel by glands which are
pressure and water tight. The cover gas in the secondary vessel will be
nitrogen at a pressure of 30 psia.
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The existing AGN irradlation port installed in the LPTR for the HNFR
tests* in 1959 will again be used to position the test capsule adjacent to
the reactor core for irradiation. Figure 3 illustrates the position of
the test capsule in relation to the LPTR construction.

Operating procedures are modified in several respects. First, no
sanpling operations will be performed at the LPTR; previous irradiations
indlcate that adequate analytical information can be obtained by allowing
the capsule activity to decay and returning the capsule to AGN for sampling.
Second, in the interest of economy and ease of scheduling, the capsule will
be withdrawn from the irradiation port during reactor operation. Storage of
an irradiated capsule will be in the upper section of the irradiation port
with the top of the capsule just above the pool water surface. Third,
although transport of capsules into and out of the LPTR area will again
take place during scheduled reactor maintenance reriods (Monday mornings),
the capsule irradiatioms may take place on subsequent weekday mornings at
normal reactor startup time. This is in the interest of both economy and
to endble analysis of relatively short lived fission products.

Transfer and receipt of accountable §S material will be made with
the approval and under cognizance of the San Francisco Operations Office
USAEC. Transfer will take place in the same manner as in the first phase
of this program.

*
Nuclear Nitrogen Fixation Reactor, AEC Contract No. AT(04-03) -251
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II. DESCRIPTION OF THE HYDRAZINE PROCESS DEVELOPMENT PROGRAM

A. PURPOSE OF THE PROGRAM

The economic use of nuclear energy for chemical production
has been under study for many years. The fissio-chemical production of
anhydrous hydrazine from liquid ammonia was first discussed and economically
appraised by Aerojet-General Nucleonics in 1958.* It appeared that a
chemical production nuclear reactor consisting of a suspension or solution
of fissile material in liquid ammonia could produce hydrazine by means of
fission fragment irradiation at a cost substantially below. that obtainable
from the conventional process. Preliminary plant design and economic
calculations were based on a G-value, or yield, of 1 molecule of hydrazine
produced per 100 electron volts of fission fragment energy deposited in
amnonia. These calculations predicted an amortized hydrazine production
cost of about 35 cents per pound. A somewhat higher yield seemed entirely
possible, with a correspouding drop in price to 15 to 25 cents per pound.

This paper study assumed the successful solution of the many
irol:lems involved. One of the major requirements for the success of this
process was an adequate yileld; the first phase Air Force-funded Hydrazine
Program** thus had yield determination as its primary goal. G-value
determinations (molecules of hydrazine formed per 100 electron volts of
energy deposited) were made in a series of instrumented capsule experiments
in the 2 Mw Livermore Pool Type Reactor (LPTR) starting in December 19£0.
Prior to this date, relatively crude hydrazine production experiments were
conducted in the 5 watt AGN-201M reactor. Wherever data for these experi-
ments indicated a range of values, that value resulting in the lowest yield
was chosen. Thus. the G-values of 1.2 to 2.4 resulting from the four
AGN-2011M experiments were conservative. On the basis of the preliminary
plant design, this yield range is equivalent to a product price of 33 to
20 cents per pound. The more precise LPTR runs resulted in G-values as
high as 1.7, thus confirming the early yield data. The first g&gse of
the program was completed with the issuance of a final report.

The success of these initial studies led to the formulation
of & complete program which could lead to the large scale fissio-chemical
production of hydrazine. The current 30-month study is the second phase
of this four-phase program. It has as its major goal the development,
design, comstruction and operation of a continuous in-reactor loop with
Lts associated fuel handling and product purification sections. Direct

Support work necessary for the development of the loop and its components

includes studies in decontamination, purification, fuel cycle, materials,
chemical and energy deposition amalysis, and reactor physics. Basic
radiation chemistry studies will be undertaken to extent the application
of this process.

*
AGN-3011, Nuclear Hydrazine Production Reactor, December, 1958
sk
AF Contract No. 33(600)-40878, April 4, 1960 through May 1, 1961
dedeke
Nuclear Hydrazine Program, ASD Technical Report 61-77840, July, 19461

-3 -
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LII. DESCRIPTION O7 LIVERMORE POOL TYPE REACTOR FACILITY AND
LRL-AGH LTAISON

A LPTR FACILITY AND ADMINISTRATION

The LPIR is a 2 Mw solid fuel, light water moderated and cooled
resctor of the pool type, having nuclear properties similar to the LITR,
IS¢, and OWR. The standard fuel elements, approximately 3 in. by 3 in.
in_cross section and 34 in. long, contain from 140 to over 169 grams of
0235 each. They are assembled with top and bottom open to permit coolant
water to flow between the plates.

{v

=)

The control-rod-receiving fuel elements are similar to the
stundard type exzcept for slots provided for the entry of the control rods.
These slots are obtained by removing half of the fuel plates, thus providing
apertures of 1-1/8 by 2-1/2 in. This special fuel element contains 95 grams
of uranium,

The LPTR is controlled by five absorber rod elements, four of
which are B4C shim-safety rods. The fifth is a stainless steel regulating
rod. Experiments on the ESF indicate that each of the shim-safety rods is
vorth about 2.5% in reactivity. The actual worth will depend on the fuel
'oading and the absorber rod position. The regulating rod is worth about
0.5% in reactivity.

When the reactor is scrammed, holding magnets which ride within
magnet guide tubes attached to the special element release the absorber
rods, which fall by gravity into the core through the special fuel elements.
The fall of the rods is cushioned by shock absorbers which also act as the
magnetic armature. The magnets release the control rods within 20 milli-
seconds after the scram signal is received and the release is indicated by
a micro-switch contact located on the magnet. The regulating rod, not being
neld by a wagnet, does not participate in the scram.

The top of the reactor pool is enclosed by 1/4 in. steel plate
which can be removed in sections to permit refueling, insrection and main-
tenance, as well as installation of the AGN Hydrazine Program capsules and
equipment. The cover plates direct radioactive gases produced in the
reactor into the ducting system, and since the plates are also fastened to
other structural members, they provide some deterrent to expulsions from
the reactor, although they are not primarily intended as a pressure seal.
This structure must be removed to perform maintenance and refueling opera-
tions on the core.

Three feet above the reactor core, attached to the tank wall,
are located the spent fuel element storage racks. These are provided to
allow fission product activity to decrease before fuel elements are stored
in the floor facility or are returmed to chemical processing.

Shielding at the reactor room floor level is provided by the
deamiueralized water *n the tank, the 2-1/2 in. lead section six feet high,
and magnetite concrete six feet thick. The magnetite corcrete sectlon
extends 11 feet upward where it tapers to three feet at an elevation of

- 14 -



13 feet. The 12-1/2 feet from this point to the top is formed of ordinary
concrete. All concrete sections in the reactor room, the floor, the
foundation pad, the igloo blocks, as well as the reactor shield are rein-
forced with steel equivalent to 1% of the area for earthquake resistance.

Existing experimental facilities provided are: central thermal
flux trap, two thermal columns, two horizontal beam holes, horizontal
thermal port, four radiation ports, and three pneumatic tube systems,

The Hydrazine Program- in-reactor capsules will utilize the
special access port which AGN designed and installed in 1959 for the NNFR
micro-loop capsule. This exposure port is 6 in. in diameter by about
22 feet long and extends from the top grid plate of the reactor pool to a
position near the reactor core. Construction is of seamless aluminum
tubing,

The mounting of this tube is so designed and installed that
lateral currents from the water in the reactor pool will not tend to mis-
align the tube. The present mounting of this exposure port at the top
of the reactor pool will be modified as necessary to accommodate the
Hydrazine Program test capsules.

The LPTR facility is housed in an insulated, air tight, steel
reactor building. This primary function is to prevent radioactive reactor
effluents from reaching the surrounding enviromment. The personnel air-
lock connects the personnel passage between the laboratory and the reactor
building. Normal reactor building ventilation air is provided by an air
conditioning plant which includes 15% make-up air. Then 15% of the venti-
lation air is discharged to the atmosphere through suitable filters in the
top of the reactor building. The building is provided with a decontamina-
tion system for use in emergencies.

The main loop cooling system circulates at 1000 gallons per
minute through the core in a downward direction, The heat exchanger has
a design capacity of 7.0 million Btu per hour. A bypass stream of approx-
imately 7 to 8 gallons per minute is withdrawn continuously from the main
loop and introduced into an ion exchange demineralizer and filter unit.
Cooling water for the micro-loop is available from the pool water circulating
through the open ended beam port.

All information pertaining to the LPTR with regard to hazards
report analysis is on file with the AEC under Hazards Report FW-56-006 and
Addenda I, II, III and IV,

The LPTR administration is under the direct control of the LRL
Nucleonics Division Head with direct supervision under the Reactor Facilities
Supervisor. A Program and Safeguards Committee composed of members of the
supervisory staff must approve all experiments to be conducted in the LPTR,
Aerojet-General Nucleonics personnel will inform LPTR administration regard=-
ing all proposed equipment, procedures, and experimental operations. In
addition to many discussions regarding design of equipment for the Hydrazine
Program experiments, this report will serve as a basis for official records
regarding AGN's proposed experiment, :

- 15 -
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B. ORGANIZATION OF AGN PERSONNEL AT THE LPTR FACILITY

The AGN work at the LPTR Facility falls into the following
three categories:

(1) Installation of test equipment
(2) Test operation

(3) Removal and disassembly of test equipment

The wmaximum number of AGN personnel required at the LPTR facility
for each of these operations is three.

An AGN supervisor will be present during each of these operations
and will take full responsibility for the action of the AGN personnel. This
AGN supervisor will work closely with the LPTR representative designated to
oversee the AGN operation.

All AGN work at the LPTR Facility will be performed in accordance
with the detailed procedures which have been approved by the LPTR Facility
and AGN. Any deviation froa the arproved procedures will be {mmediately
referred to the LPTR representative. WNo deviations will be pursued unttl)
LPTR approval has been obtained. In addition, the right of the LPTR
representative to stop or reorient the AGN work at any time will be
rigicly respected by tlie AGN supervisor. If any disagreement occurs,
the vork in question will be stopped until agreement has been reached.

C. INSTALLATION AND OPERATION OF THE HYDRAZINE PROGRAM TEST
EQUIPMENT

This section provides a general description of the Hydrazine
Program test equipment installation at the LPTR Facility. The detailed
installation procedures are covered in Section V.

In addition to the AGN experiment port which now exists in the
TPTR, the ’lydrazine Program test equipment consists of the following parts:
(7) two in-reactor capsules, (2) a control penel, and (3) an electrically
ojerated hoist,

Transfer, receipt and handling of SS material in the test capsules
will be done in accordance with the provisions established by the Commission
as set forth in the USAEC Manual, Chapters 7401, 7402, 7403 and 7450. Trans-
fers between AGN and LRL will be made under the cognizance of, and approved
Ly, the San Prancisco Operations OFffice, USAEC.

The control and instrumentation panel will be located between
the platform walkway and the top deck of the reactor. This pane! will
dccupy about 3 sq ft of platform space. All connections from the control
panel to the test capsules will be disconnected during non-test periods.

- 16 -



Iv. IN-REZACTOR CAPSULE DESIGN

Table II summarizes the design specifications for the Hydrazine
Program test equipment.

TABLE II
{ -

Equipment Size Base Material Net Weight
Frimary Vessel 3.5" OD x 15" long 304 and 347 SS 15 1bs
Secondary Vessel 5.563 OD x 60" long Aluminum 6061-76 40 1bs
Exposure Port 6.625" OD x 22' long " " " 150 1lbs
Control Panel 19" x 26" x 12" " " " 60 lbs
Combined Weight of the Assembled Capsule and the AGN Hoist 250 1lbs

Content

Vessel Liquid Gas Fuel

Primary Vessel Liquid Anhydrous Ammonia N3, Hp, He, Kr, U0y or other
etc. gases enriched fuel
Secondary Vessel  None Nitrogen None
Test Conditions Temperature Pressure

Primary Vessel Pool Temp. to 1A0° F 150-600 psig
Secondary Vessel  Pool Temp. to 120° 15 psig

The primary vessel is located adjacent to the core in the water reflector
about 18 in. from the side and over the B-1 beam port. Thermal neutron
flux inside the primary vessel is approximately 1011n/cmzsec when the
LPTR is at a power level of 2 Mw.

A. THE PRIMARY VESSEL

The primary vessel shown in Figure 1 is designed to fit into the
secondary vessel and consists of two coaxial cylindrical chambers connected
through a narrow section. The lower chamber contains the chemical mixture
to be irradiated and a helicoidal screw type stirrer. This lower chamber
Ls connected to the upper chamber by several vents and risers which pass
through the necked-down section. The upper chamber contains the lower
part of the stirrer magnetic coupling and provides an expansion volume for
amaonia vapor. The connecting section houses the bearings for the stirrer
shaft and provides room for the location of the 12 ports (instrumentation
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and sampling) to the primary vessel. The Bridgman type closure seal for
the vessel is located in the upper chamber. This type of seal takes
advantage of the vessel internal pressure which tends to force the seal
tighter. The seal ring vhich is deformed to make the seal will be made
of soft aluminum.

A rupture disc tested to 1250 psi and designed to withstand
2000 psi is installed in the vapor space of the primary.

The base material of construction for the primary vessel is
inless steel and the stirrer is type 304, These were selected

Lecause (1) they contain none of the metals which promote the decomposition
of nydrazine (e.g., molybdenum and copper), and (2) they are nonmagnetic
and vill not interfere with the magnetic stirrer coupling,

The stirrer device rotates on stainless steel ball bearings
operated dry. : )

The design operating pressure and temperature for the primary
vessal are 165 to 615 psia and room temperature to 1A0°F, respectively,
Under these conditions, with a minimum wall thickness of 0.154 In., the
maxium design stress in the vessel is 13,000 psi (occurs in upper cap)
which is well below the allowable stress of 18,750 psi. Design details
and stress calculations are included in Appendix A. Heat generation and
transfer calculations are included in Appendix B.

The six connections to the primary vessel consist of two
thermocouples, one pressure tap and three saupling lines. Each of these
%8 ccnnected to the primary vessel by a high pressure fitting,

The temperature of the primary vessel is controlled by one
40 watt electrical heater around the upper vapor chamber and one 120 watt
immersion heater located in the water coolant circuit. The latter heater
w2ll control the temperature of the water in the water jacket around the
primary vessel and will be actuated by a thermistor in the liquid of the
[rimary vessel,

The normal chemical loading of the Primary vessel before irradia-
tion is 200 ml of liquid ammonia, ammonia vapor, 4 to 10 grams of enriched
U09 fuel and an approximately 20 psi overpressure of N, Ho, Kr, He or
other gas. The cover gas functions primarily as a carrier for the fission
product gases. It is also desired to increase the pressure of the nitrogen
and hydrogen gases by approximately 100 psi during some irradiationms.

B. THE SECONDARY VESSEL

The secondary vessel (also shown in Figure 1) provides double
coutainment for the chemical solution in the primary vessel. 1In addition,
it houses:

(a) the stirrer motor (universal type adjustable speed)
which drives the primary vessel stlirreér through a
magnetic coupling

- 18 -



(b) the pressure transducer (Bourdon tube type coupled
to a potentiometer) for the primary vessel pressure,

(e) the sample lines and valves to the primary vessel,

(d) the instrumentation leads,

(e) five spacers,

(£) water lines to the primary vessel coolant jacket,

(g) the water pump, water heater, and coolant system, and
(h) differential pressure switch.

The secondary vessel is fabricated from 5 in, diameter schedule
40 aluminum alloy (6061-T-6) pipe and is about 5 ft long. The normal
operating temperature and pressure of this vessel are 115°F and 30 psia.
However, this vessel is designed to contain a pressure of 3850 psi before
it will yield. If the entire ammonia contents of the primary vessel were
released to the secondary vessel and it entirely dissociated to hydrogen
and nitrogen, the resultant secondary pressure would only be 445 psia.
Stress calculations for all of the pressure vessels are included in Appendix A.

The secondary vessel contains guide rails and locating rings for
the support and positioning of the primary capsule. The head seal will be
made with a neoprene O-ring. The instrumentation leads and coolant water
leads are conducted through the secondary vessel cap by watertight seals.

In addition, on the cap there is a connection for sampling the gas in the
secondary vessel and a ball-check pressure tap to accept a plug-in pressure
gage to measure the secondary vessel gas pressure. These connections are
used to verify that the primary system has not failed, and that it is safe
to open the secondary container to take samples from the primary vessel.

Two water lines extend from the LPTR pool into the head of the
secondary vessel to a heat exchanger and then to the water jacket around
the base of the primary vessel. Water will be pumped through this system
to maintain control of the temperature of the primary vessel.

During operation and storage, the secondary vessel will be filled
with nitrogen gas to a pressure of 30 psia. A pressure gage installed in the
secondary capsule head will be used to insure maintenance of this pressure.
This nitrogen cover gas is used to preclude a combustible hydrogen or ammonia
mixture which would form if a leak occurred and air were present in the
secondary vessel. This nitrogen atmosphere will be establighed by purging
until there is less than 0.17% oxygen present, as determined by gas chroma-
tography analysis. A copy of each such oxygen analysis will be given to
the LPTR reactor operator for each capsule which is brought to the LPTR.

In addition, this 30 psia secondary nitrogen pressure provides about 4 psi
over-pressure with respect to the pool hydrostatic pressure at the irradiation
position depth.

C. CAPSULE TEST PORT, STORAGE POSITION AND SUPPORT WINCH

A specially designed exposure port (see Figure 3) has been
installed in the reactor pool. This exposure port is made of an aluminum
pipe 22 ft long, 6.625 in. 0.D. with 0.280 in. wall. The port extends
from the deck plate at the top of the reactor pool to a position near the
reactor core.
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The mounting of this tube is designed so that lateral currents
from the water in the reactor pool will not misalign the tube. The upper
end of the tube is attached to one of the I-beams supporting the deck
plates, while the lower end is equipped with an ice tong attachment which
permits clamping over the B-1 beam tube. The position of the port is such
that the primary vessel in the capsule is approximately at the center line
of the core. The top 8 feet of the tube has half of its section removed
to permit bringing the capsule out of the exposure port without raising
it above the pool water level.

The winch will be located at the top of the reactor control rod
cab., This device will function as the primary support for the capsule.
The LPTR crane will be used as a safety support device during insertion,
irradiation and removal of the capsule. During storage of the capsule,
the safety line will be tied off to a structural member of the reactor,
allowing free usage of the LPTR crane. The maximum downward deflection of the
I-beam supporting the control housing, due to the weight of this winch and
the test capsule, is 0.0025 in, (see Appendix A). This small deflection
should cause no reactor control problem.

D, INSTRUMENTATION AND CONTROLS

The control panel is planned for location on a small platform
between the reactor top deck and the catwalk. It will be oriented for
operation from the reactor top deck.

A schematic diagram of the electrical system is shown in
Figure 5. The instrumentation leads are fitted with a water-proof plug
type connection which can be connected to either of the in-reactor test
capsules,

The following control and readout instrumentation is installed
in the control panel.

1, Heater Control

A Fenwall temperature indicator-controller indicates the
temperature of a thermistor located in the liquid ammonia. The controller
part actuates the power to the 120 watt immersion heater in the coolant
circuit,

2. Temperature Read-Out

The following thermocouples are read out on a Wheelco
Indicating Pyrometer which is equipped with a 6-point switch:

#1 Temperature of the upper vapor phase of the
primary vessel

#2 Inlet water temperature to the primary vessel
coolant jacket

#3 Temperature of the primary vessel wall
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3. Pressure
LIesSsure

The electrical signal from the pressure transducer which
senses the primary vessel Pressure is fed to a Hycon digital ratiometer
mounted on the control panel. This instrument is a self-balancing bridge
which indicates the ratio of output to input voltage across the potentiometer,
This reading is in turn converted to psig by a calibration chart. The
instrument has a range of 0-615 psia or 0-1015 psia when used with different
transducers,

4, Stirrer Speed

the stirrer, located in the Primary vessel, by a magnetic coupling. A
variable transformer is mounted on the control panel to set the speed of
this motor from 0 to 10,000 rpm., This circuit also includes a voltmeter

and ammeter which is calibrated in terms of motor speed, thus making it
possible to reproduce the optimum speed found during circulation experiments,

5. Coolant Circuit Control

The water coolant circuit consists of an inlet for LPTR
Pool water, a pump, a heat exchanger, a solenoid operated by-pass across
the heat exchanger, a thermostatting jacket around the primary vessel, and
an outlet to the LPTR pool. The temperature of the water entering the
thermostatting jacket will control the power applied to the heating element
in the heat exchanger. The by-pass will be operated manually as required to
control the thermostatting jacket temperature during rapid temperature
changes,

6. Differential Pressure Transmitter

A differential pressure switch (Meletron Model 462) has
been installed in the secondary capsule vapor space. The purpose of this
switch is to provide a signal light and relay for the LPTR scram system
if the primary capsule should rupture and discharge ammonia into the
secondary capsule, If such an ammonia release occurs, the secondary
pressure will immediately increase from the 30 psia cover gas pressure
to about 45 psia, and within ome minute will reach a final pressure of
about 100 psia. The Pressure switch is internally referenced to 15 psia
and is set to close if the secondary pressure exceeds 42 psia. When the
switch closes, a light goes on on the AGN Contral Panel and the relay to
the LPTR scram system is closed.

E. FLUX MONITOR

The neutron flux in the capsule region is to be monitored by
the use of a 1 mil gold wire placed around the secondary capsule (Figure 6).
The wire is held in place by means of a Snap-on ring holder designed so
that the wire is in a reproducible height for each irradiation. The gold
wire will be attached at AGN during preparation of a capsule for irradiation
and will remain on the capsule until it is returned to AGN for analytical
purposes,
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