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2O Introduction

With the formation of the Livermore Braich of the University of

California Radiation Laboratory and the increase in experimental activIty,

the need for a high flux reactor has become increasingly evident0 The

experiments which the laboratory wants to conduct will need short lived

isotopes of high specific activity arid will use beam holes to perform

irradiation and nucleonic studie0 The long tranepcrtation time from and

high priority of the nearest high flnx reacto.r the tfi’R precludes its

use on a large scele by the laboratory0

Consideration was given to various possible types of reactors with

respect to the exuerimetital facuities which will be needed at the

laboratory0 It was decided that a water moderated izr of design

similar to the tfR operating at a power of 1 MW wculd serve the laboratory

a this time0 The reactor was designed to best meet the requirements of

high flux safety i’inancial. feasibility and flexibility of experimental

facilities. The Livermore I-ool Type Reactor (LPIR) will be built as

a general purpose irradiation facility0

Althou;h the principle use of the reactor will be for weapons

research special features havo been incorporated to make the reactor

a research tool which otr be used by all of the cc4 .ties at U0C0R0L0

At the present time, the program of experimentation and research anticIpated

for this reactor is quite broad, It will range from the problems of

calibration and production of radicisotopes for diagnostics, to bulk type

measurements on nucleon ics0 Microscopic and macroscopic cross section

will be measured as well as irradiotion damage to and shielding properties

of various substances0 Irradiation studies and isotope produc;tion will

also be undertaken with reference to biological resoarch0ln general, then

the program will comprise fundamental experiments of chemistry, physics,

biophysics and medicine0 I’To exueriments in reactor pyeics with the

exception of the initial tests wIll be conducted0 In Appendix V a list

of the anticipated first experiments is snown0

Foster Wheeler Corporation will build this reactor for the AOEOCO

and will perform the initial testing procedures, both nuclear and mechanicel0

he reactor has been designed to operate at one megawatt0 All the permanent

parts of the facility have been designed for 5 megawatts should this

higher power level be neCdd at some future time0



3.0 Descrtion of the Facil

The description of the LPI’R facility is broken down into four sections.

In the first of the-se the reactor site is described with reference to

its meteoro1or9 geolor and seismolor, Append±cs II III and IV contain

more detail discussion-s of these topics. The second 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 tion 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 eastwest direction the larger end of the oval being

to the east. At its eastern end th.e valley is 6 or 7 miles wide and in

the center and western portions is 3 to 4 miles wide. The total area

of the valley floor is about 58 square miles0 At the northwest corner the

valley connects with the narrow Am.ador Valley which is orientated in

a SSE direction. This valley extends straight tcward Danville about 9

miles distant. In the southwest corner the valley has a smaller opening

which is probably not very significant metecrobgically9but does provide

the only water stream leaving the valley.

The floor of the Livermore Valley is relatively fiat containing

only a few small hills. It alc.pes from ah:ut 600 feet MSL cmean sea level)

in the vicinity of the site to about 400 feet MSL in the western portion.

There are hills on all ide ranging from 10OO t.: 20OO feet M,

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 mile0

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 site0 The largest of these is the Parks Air Force Bases

about 10 miles from the site which has a complement varying from lO000
to l500O men. The next largest population center is the town of Livermore



3.11 teorv(:j

Wind peed and direton’J parei by the US. Weather

Bureau irate that a time nd xe those with a

southwest dir A :t in the summer half

year and a ak t- rr1ei’ of the year. The

changes ars :at d .rth Lw’. pp:t i:ions &aeonal regimes.

During the summe’r tb .trir valiey ar haatd th.rugh the days,

developing a larg tmpereture :.ff tia between the air in the valleys

and the reatve1y cooi maritime sir of the San Frsncoo Bay Region0

The colder air then rshs snd T omenon ie e2st daily

with considersb1 tn st :ing n3 umrLer. During

fail and winter tha temperstu3 grsi±ert in the opposite

sense and the f1.w from et t. wt :r’ao t’iit• Pass produces

a northeast wind frequen’y mawm stbgh tti ie pronounced

than is the summertIne efft tims wn e during the year rarely

ecceeds 31 miles per hour sci n ‘me y i.an 8 1r’iJe-s per hour0

The maximum wind ped ober’ri mit1? n’ : nad’,e or hrrriDanes

have ooourred0

The main differeroe L.tween ntgt. imds end day wThd appears to

be the higher frequeno of oame a r f euenoy of winds above 18

miles per hour at n;ight0 The lo.ati:n of tha ireoton madma is much the

same.

No data are avaahl for winds ebft st Lirennors., At Oakland?

however, ground wind p- is are siLs to wind speeds at. 500 meters ard

750 meters with a dilghi higsr NW and NW directin frequency0

Although no radioonde reoor.e ar &veJable for this region the

Weather Bureau has predioted that unteble ccndticne will predominate

during the day with isitherTnal or rnvers.on •onditions during the night.

Because of the somewhat high frequency of low trat during the summer

nights, more frequent i.othermal or even untahle onditbn beneath the

cloud base can be antIipted than wouid be fund if the nights were all

clear. A 1ow1eve1 ii ersin layers, aseooated with th Great Basin

Anticyclone might pereist in the valley fox a number of days during

the winter montha.

9



The weather, in relation to the operation of the proposed unit

n the Livermore Valley is generally favorsble The winds blow directly

towards Livermore, the closest center of pouIation, only’ 9% of the time

during the year0 During per±ods of precdpitation the wind b2ows towards

Livermore only 6% of the time The rainiest month, January, averages

only eleven rainy days. These oonditions greatly reduce the probability

of serious contamination in the torn of Livermore0

3°22 Q2(3)

For the period l’926 to l953 53 earthauakes occurred within a 5

mile radius of Livermore0 All of these quakes were of an intensity of

less than V on the modified cMercalii Scale of 1931) (This sca1e is

included in Appendix Iii) Design for earthquakes of this magnitude

i ‘jell understood and no problems of hazards are anticipated0 The

earthquake of 1906 which caused major destruction in San Franeico was

felt in Livermore only to the extent of about VII on the Mercalli Scale0

3.13 Geo1or(3)

There are two theories as to the formation of the Livermore Valley.

One claims the valley was formed by erosion and dissectIon as the region

around the vaJ.]oy experienjed an uplift during buckling and warping of

the earths s crust0 The e.oid theory thdicat.es the valley was formed by

great faults that let the gronn-J ucface fall several thousand feet0 Both

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

filled with waterbeartng gravel (Pliocene) and ea1ed on all sides to

passage of underground water from the valley. Because of relatively heavy

rains during the season and the tee sides presented by the newly formed

valley, large quantities of coarse gravel were washed into the floor

of the Arroyo Valley, Arroyc Macho0 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

fills, 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 3040 foot silt cap on the eastern edge, gradually

decreasing in thicimess, until at Livermore0 the coarse gravel Is apparent

in surface outcropping0



Water percolates these surface gravels easiJy (approximately 10 cubic

feet of water er square foot of superfIcial faoe per day) and the

gravel beds rapidly StU1ate each rainy ason. Reliefs after filhing

j provided by seepage to the surface through the silt 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 Vaileye During the summer months the

water table is lowered by pping and by evaporation. At the surface

evaporation from the water table can aooount for 45 inches per year

howeVer this rate drops to zero at a water table level of nine feet.

Water passage through the grave]. bed ia estinated at 30 feet per day under

free flow. The actual flow however will be dictated by pumping

demand5 evaporation flom the kwer vaUey and fi]ling of the gravel

bed during the stormy season0



i

the regulating rod is worth about 1% in reactivity0

When the reactor is scrainmed holding magnets which ride within

magnet guide tubes attached to the special eiement release the absorber

rods which then fall9 by gravityç, into the core through the special

fuel elements0 The fall of the rods Is cushioned by shock absorbers which

also act as the magnetic armature, The magnets release the control

rods within 15 mi1lisecond after the scram signal is received and
-----

_9;

the release is indicated by a micrcswitch contact located on the magnet0

The regulating rod9 not being held by a magnet9 does not participate

in the scram0

The holding magnets as well as the regulating rod connect through

extension rods to the control rod drive actuators located at the top

of the tank. The actuators of the rack and pinion type5, sit on a

support plate which duplicates the element positions on the core grid

plate so that the actuators can be positioned over any of the 35 grid

spaces. The actuators are connected to the extension rods by oveisized

fJanges with large bolt holes. This s2ack plus the bui1tin adjusents

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 discussed in section 4.2

The nuclear instrsents for the reactor are located in separate

thimbles underneath the grid plate, away from the control rods. An

antimonyberyiiium source will be used for startup and this source will

be kept in the reactor.

The whole reactor top is enclosed by 1/4 inch steel plates which

can be removed In sections to permit refue1ing, inspection and maintenance.

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

operations on the core.

Three feet above the reactor core5 attached to the tank wall9 are

located the spent fuel element storage racks which are provided to allow

fission product activity to decrease before fuel elements are stored

in the floor facility or are returned to chemical processing,



The deminera.Lized water in the tank, the six foot nigh 2i/ inc

lead section and six foot thick magrietite 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 room9 the floor9 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 24/2 inches of lead shielding is bonded

to the outside of the aluminum tank to assure heat transfer to the pool

water. 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 page 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 thermaPflux trap22. 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

reflector elements, the reflectors are made of (AGOT) graphite canned

in 2S aluminum of the same external configuration as the curved fuel

elements.

With the central 11flc trap in the core approximately 21 standard

fuel elements and 5 special fuel elements will be required0 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/cm2sec and the

• 13 2
thermal flux in the central void is about 3 x 10 nom sec.



To this flange is bolted the beam tube proper which as before consists

of a stainless steel section and an aluminum extension cantilevering

into the tank0 Through the annulus formed by the two liners cooling

water is circulated0 A vent connected to the reactor tank proper prevents

air from being trapped in the annulus

324

A 4 inch diameter horizontal through tube labeled TlT2 is provided

through the east thermal column Again, this facility is made remavable

by providing aluminum sleeves in the concrete and the thermal column0

The aluminum sleeves in the concrete- are flanged to a stainless steel

section which is welded to a vestibule section0 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 ooi water but permits some

thermal expansion of the tube0 The air in thi tube is purged to the

experimental ducting system as is the air in the thermal columns and the

air used in the pneumatic tube system0

325 Irradiation Ports

Four 4 inch diameter aluminum irradiation ports terminate on

the balcony0 These tubes curve toward the core at a constant radius

and flanged, gasketed, sleeves provide for their removability0 The tubes

are filled with demineralized water to aid in shielding and only small

plugs are necessary to reduce the radiation to tolerance levels0 The

opening in the shield wall is closed by a hinged metal cover plate that

is provided with a padlock0 Two of these ports end In the east thermal

column and the other two terminate tangent to the no:rth and outh faces

of the core0

3q26 Pneumatic Tubes

All three 1=1/2 inch pneumatic tube aystem are removable from the

reactor proper by having them not pass through the concrete shields or if

they do, by using the sleeve technique0 Sendreceive stations are

located on the north shield face and the south shield face0 The north face

has set into the concrete the necessary tubes to provide a receive

or sendreceive station in the Chemistry Laboratory0 The north station

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

be used at any time0 All stations are supplied with timers that

automatically return the carriers0 The R1 facility is the station located

on the south shield face and its irradiation stop is in the lead of the

east thermal column0 The R2 facility ends in the east thermal column proper,



and terminates in the re.ctr thr in the center ur t the

outer reflector position on tfle nri -eue

The carriers are transrt€d cy a vacuum system0 Air is drawn

Chrough a Cnbridge bsolute Air Filtr thrugh the send ste.tion) an3

by vacuum transports the carrier tc ‘? The .a.r 2ontinuee it

by being drawn to the turbo cnpresecr Lhrugb the anrLulue f:7ned

by placing the send tube in an aluminum tube enve.:n, 2-l/4. inches

in diameter0 The compressor exhausts this air ant.c the ar purge

ducting system0 The carrier is returned by reversing the flo: of ar

AU pneumatac tube sending stations are pedlDcled and a master

switoh. located on tho ense must be pressed t: prmit. nmatio

tube operation0 In addithor t: tbse fe.ards5 several aitirLal

precautions ate talen ag’aixisl- accidentai .eration of th.e R3 ysterr

Iii order to use the R P i.ity a rtP:n of straighi tubing in

the send station must be manuafly reo ved and tht is then re.aced wth\

a curved tubing section connecting the send station to th R faciiiW0

This section of tubing is under look and key under the ontrcl of the

supervisor0 A schematic of the R facility s shown an the drawing

on page 28

This facility e.xtends over the t. pof the reeoto structure to

a swivel conneot tori through the t r ate and then curves into one

of two positions n the z.t.:. gr :Zete . ocr .cated under the

reactor top suspcrt plate presnte the fac_.±ty ir rui .ng r.em:ved from

the core without first renvang .me suarter f the e ements located on

the grid0

The R3 facility is suted br tse reactor c .ver piate sway

is prevented by a bracket p*ace eO feet bs.u the ater surrace and by

the tube extension that mates wtb a grid hole

3 27 Other prntaE1emects

Additional experinental faoilties sr e.ve ble in the LPTR

by using specially d.signed fuel eemsnts to hold sam.le Th- saries

in these elements will he attsched t tie eosnt and can be removed

only by removing the complete arby Tuov will b nstruc.ted i.u a

manner similar to those used on the iR
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3.32

The reactor building is heated in the winter and cooled in tb

janer by means of a self contained air conditioning unit located in the

mechanical equinent the la.bo’atory This

supplies sufficient fresh outside air through a duct around the periphery

of the reactor building to completely change the air at the breathing

level twice every hour0 Incoming outside air is entinuously filtered

the air conditioner0

Air is exhausted from the reactor building tLugh a •sngie

bladed louvre by means of a blower mtri in tO the

building. (See page 3l) This louvre is fabricated f heavy guage

gteel sufficient to withstand the internal oresore of the buiidrng

and is neoprene gasketed to prevent leakage of i±r from within the

building when the louvre is closed0 Fresh air wiil enter the building

through a damper in the air conditioning eystem0 This d3Inper Is also

fabricated of neoprene gasketed. heavy guage steslo Soer..oirie are used

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

the action of a spring0 A radiation nitor, eted in tte experimental

facilities exhaust duot samples all effiuent from. t.h facilities0

Should the amount of airborne radicctivrty react. a p:edetermine3 level

both damper and louvre soZenide unvid he de.-enar n’-d- il:rg off

the building from the external nvIronment in th event of a

failure both the solenoids would act fo seal the bld.in

The maximum time elapse between an imoilsa from the expermentsl

facilities monitor and complete scaling of tIe biloing Is estimated

to be less than one second0 The minimum time re oced for ail to travei.

fra the experimental fallitie monitr Lu the exLt loTj5 in the

stack is calculated. to be L-’I/2 eoond0 det aesiwsnce

that no highly active effi&ent can b dus:i:arged to the atmospe.re0

3,33 aminacnystem

The reactor building Is p;o.ided with a ocntenns to :n syetm
for Use in emergencies0 This hecontamination stm iliesgnsd to

filter 5600 cubic feet of air p.er minutes, uhilh Is eL2zoaerjt to

tilterang the entire cdnbent of the buiurng ovexy mriotee0 The

flew of air is from the reactor building into the air lIdlt.Loalng duct
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3043:
To permit eccasilnal draining ot the reactor tar3< tenorar storage

of reactor water is prcvided by an enderironj-jd 101000 gaflon storage tank
with c.jnnectjon. to the bottom of the reactor tanks Draiixng is effected
h. gravity0 The storage tank Is proviced wtn a protective ccatin to
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lOVe] .indcat.or and alanc end a temperatur recorder0



3/4 Waste Dposa1

To provide for proper handling of radioactive liquid wastes that

may require temporary storage two underground 1500 gallon plastoated

tanks are provided0 An outer equipment pit gutter, all laboratory drain \

and the reactor :oom floor drains are serviced by the two tanks0 The magnet

pit drain, reactor drain 1ine and the inner equipment pit drain flow

into the equipment pit sump which is emptied by means of a sump pump

which discharges the water into either of the two waste tanks0 Also all

waste solutions from the demineralizer regeneration operations will be

transferred into the two waste tanks for subsequent disposal0 The total

capacity of the main loop system can be transferred through the waste

tanks or storage tank for subsequent disposal to sewer lines or to

external waste disposal equipment0 Manipulation of valving to transfer

any contaminated water to vessels external to the reactor system is

accomplished with remote valving located outside the reactor building0

The two waste tanks are interconnected with common overflow lines0

The instrumentation provided for the two waste tanks will be radioactive

monitoring equipment plus liquid level indicators and alarms and temperatre

recorde0 Also the equipment pit eurnp will be equipped with a liquid

level indicator and alarm0

3 45 Irradiationoo

The four irradiation port fac:litie will be provided with a means

of purging each tube with denineralized water direDtl from the exit

side of the demineralizer. This water will perform a shielding funotiou

and will not he circulated0 Purging will be effected only for purposes

of maintenance or in the event the conductivity level of the water preents

a corrosion problem0 Sufficient pressure to facilitate draining of the

ports is provided by a 10 gpm pump located in the equipment pit0 Overflow

piping to the waste disposal tanks is provided from each port0

Instrumentation in connection with the irradiation port facilities I

of a liquid level alarm near the top of each facfl±ty tube0

3.46 The BemHo1ei

Each of the six beam plugs is provided with crouiating cooling water

from the main loop. The discharge pressure of the 1000 gpm pump is

used to circulate process reactor water through each facility plug end il
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LAWRENCE BERKELEY LABORATORY

ADMINISTRATIVE FILES

DC FILES

1958

FOLDER TITLE

MMOR INSIRUMENTS

Reactors - Livermore Pool Type Reactor (LPTR)



Modification No. 7
Change Order to
Contract No. AT(OLi-5)-7()
January 7, 1958

2. Extend the laboratory electrical service lines in accordance with
UCRL Drwing No. LI93MIOOUE, attached hereto and by this reference
made a part thereof.

Increase contract price for this Item No. 2

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 $L1., 389.00

L1.. As a result of the modifications outlined herein In Item Nos,
I through 3, Phase Ill of the contract price Ts increased
$5,218.1L1. to new total of $31L,775.80 and the new total
contract price is $L.2O,35O.55.

5. Due to strike, revisions made in Item No. 3, above, delay in fuel
elements furnished by the Commission and development of the need for
alodizing of fuel elements at a critical time, it is understood and ‘-

agreed that the contract prforrnance time is extended through the ç/ )
chose of business February 5, l958.

I
-—---. -rH15

1/Lj 1”
... .‘-

.,UtItEQ
-THIscorT ATOM I C ENERGY COMM I

I —SAN FRANCISCO OPERATIONS OFFICE Oakland l2, California

• OHORME COY
Route Signe

_L____ Sheet I of 2

R_ster Wheeler CorporaHon —

:RWe ,,666 Fifth A.’enue
L- GWM

New York 19, New York
WOD

—Gent lemen:
WBH

NOD
-;rReference is made to ArtIcle IV of your Contract No. AT(OL—3)—7O, dated
-jZ—June 30, 1955, for design, construction and test operation of a one—

--megawatt pool-type reacror and associated building located at the Atomic
—Energy Commission3sLivermore Site, Alameda County, California.

ii I
IGGIt has been determined that it is necessary and in the best interest
of the Government to modify said contract in certain particulars:

Extend the reactor shield foundation from a depth of L1.’—o” from

Return to tiC the top of the floor slab to a depth of approximately Lt’—6” to
149 Bldg. 5 reach soil of a proper bearing capacity.

2. Increase contract price for this Item No. I $Ll8.0G



Modif It ion No. 7
Change Order to
Contract No. AT(OLi.—3)-70
January 7, (958

Sheet 2 of 2

6. In addition to other agreements or stipulations above set forth,

It Is agreed that:

a0 The work which is covered by these modifications does not Include
any work which the conlractor Is already required to perform by

the terms of the contract.

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

c. Al I other items and conditions of said contract as it hereto

fore may have been modified shall be and remain the same0

If the foregoing modifications of said contract are satisfactory, please

note your acceptance thereof in the space provided below:

THE UNITED STATES OF AMERICA
BY: ATOMIC ENERGY COlWlSSlON

, /s/ J. C. Armstrong

J. E. Armstrong, Director —

Engineering Division

The foregoing modifications of said contract are hereby accepted this
16 day of 1U1Y , (958.

FOSTER WHEELER CORPORATION

By_// Mprtin Frlsth

Title Vice President

, Vincent J. Schwlngei , certify that I am the Sec.

of the corporation named as contractor herein; that M&rin rrlscfl

who signed this greernent on behalf of the contractor was then Vice Pre&,
of said corporation; that said agreement was duly signed for and on beFalf of

said corporation by authority of Its governing body, and is within the scope

of its corporate powers.

IN WITNESS WHEREOF, I have hereunto affixed my hand and the seal of said

corporation this day of Jenuery , (958.

/sL\jncent J. Schw1n9eI
(Corporate Seal) Secretary



7 MODIFICATION NO0 6
A r PLNTAL AGREEMENT TO /

CONTRACT NO. AT(04—3)-70

SUPPLEMENTAL AGREEMENT

Route 6
IEOL This SIJPPLEMENTAI AGREEMENT is entered into this

_____

day of

_____________

C 1957, effective September 11, 1957, between the UNITED STATES OF ANERICA
YZ(called the ‘Government), actiig through the UNITED STATES ATOMIC ENERGY

LL_CONMISSI0N (called the Commission), and the FOSTER WHEELER CORPORATION
__Lh (called the ?Contractor) a corporation existing under and by virtue of the

P/laws of the State of New York, with its prin ipal offices located at.
165 Broadway, New York 6, New York.

Wi

--_- WHEREAS, the Commission desires to obtain architect—engineer inspection
services from the Contractor for certain fuel elements furnished to the Con—

____MA

tractor by the Commission for installation in the LPTR which said services
were not previously- provided for by this contract; and

WHEREAS, the Contractor is agreeable thereto upon the terms and conditions

r hereinafter set forth.

AGRENT - NOW THEREFORE - Contract No. AT(04-3 )-70, as previously amended,
is further amended as follows:Return to

149 Bldg.
1. There is added to the Phase III subparagraph of paragraph 2. of Article I

of the contract the following sentence after the words ‘ — Appendix D
to this contract:

Contractor shall also commencing on or after September 1, 1957
furnish the necessary engineering and technical services to inspect
and shall inspect as soon as reasonably possible thereafter certain
LPPR fuel elements furnished by the Government, said inspection
work to be performed as set forth in letter to Contractor dated
October 2, 1957 and signed by J. E. Armstrong. Upon completion
of and performance of said services Contractor shall be paid
the lump sum of 783.4l 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 Payment9.

2. So much of paragraph 1. of Article III Payment as amended as reads
— the sum of three hundred eight thousand, seven hundred seventy—four

dollars and twenty—five cents (;3O,774.25) — 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 (j09,557.66) —

3. In addition to funds previously obligated for payment to the Contractor
hereunder the Commission hereby obligates the additional sum of
‘73.Ll for a total obligation of 3O9,557.66 under the contract. j/Z

RI



MODIFICATION NO. 6
SUPPLEIvENTAL AGREEMENT TO
CONTRACT NO. AT(O4—3)-70
Page 2

Except as herein provided, all the terms and conditions of Contract No.
AT(OL—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 J. E. Armstrong

J. E. Armstrong, Director
Engineering Division
San Francisco Operations Office
U. S. Atomic Energy Commission

FOSTER WHEELER CORIRATION

By /s/ Martin Fisch
Mertin Frisch

Title Vice Pros.

i, /s/ Vincent J. SchwTngicertify that I am the Sec. of
the corporation named as Contractor herein; that Mertin Frisch who
signed this Supplemental Agreement on behalf of the Contractor was then

________

Vice Pros, of said corporation; that said Supplemental Agree—
ment was duly signed for and on behalf of said corporation by authority of
its -overnin.- body, and is within the scope of its powers.

IN WITNESS WHEREOF I have hereunto affixed my hand and the seal of said
corporation this i6th day of Dec. , 1957.

SEAL /s/ Vincent .i. Schwinqei



Mr. Ht. A. tidier
SAN Q.perattona Office
Atomic tr*ery CcLisnio
51&-l?th
Oak1and, Calif ornlzie

1ar Mr. tidier:

1 T 4t2 jwAfl

The contract for the desi and construction of the LflR spacines
that the reactor itself shall be capable of five egmeatt oerati4zz
when addit iona]. coc3ing capacity is na& avatlble. The only ny to
ascertain whether the LflR wtets these 6pccifics.lttone in to oeratc it
at five megawatts for a brief nrod. iuch ojeratlan is neceasary

beeauat the heat trausrer characteristics of the lead-water surfaces
cr cc*tez nou-lizar Vuncticai of the pcn’cr and cntt be oflntpolated1
trtm lower powers. Thc sein c1itions ubtain flc’ir paaiblo hot afots
in the fuel eleentt ot the core.

it i& pafll;culaI’3$ iitijortatt that theøc etects be invest mted before

there has been flolonged opention at ze megawatt since any risl

wuec necesnary will requin twoeso to the core. After any apre

citable one rpratt opcratit the storei. fission frecte ft the !tuel
plates will paditbit ouch access nrA i ccnpiete clean core lo4inc
would be requtred

This problem has been d.hscuszeti with the Foater Wheeler people and they

are or the opinion that axeb testing is not requlted. by their contract.
Mr. Arestront baa been contacted regaztn this conflict of opiaton and
he i. eonidmrin&j the question in list of the contract. EbzeAl4 such a

test be s legttiiate part of the contract, it should be recalled that
the FoateraWheciar crew La sche&iied to leave March 1, 1958 end so
imgse4tate action La called ft’r.

kicatld such a tent be undeflekea it would be under ‘the fdUoT.ing coadi
tiona.

i) There are twenty thercouples iabedded in the lead thermal
shield and fifty in the concrete. ta addition there is am
fuel element with five thermcoupiea ‘lxtded to the surface.
2_se thezw.acoupln will be reed on a tan point recorder
ezipped with a menial selector mritch ithich will peatt
reading at successive groups of ten couples up to era frmhed
twenty total.

/
/

[fqute Signed

inc

______

RWB

DDl_

NOG

______

Eta.

______

—v-

itJJo iicsiL
149 bldg. 50

_

Febrirary i 195a
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a) Swtiation intensities around the reactor wtli be nitored
at one gaivatt and the Senegavatt test will not be run union
extrapolation above no unsate conditIon, win result.

) No more than normal one megawatt excess reactivity will be
available.

1) Prniouai operatIon will have been less than 50 MWH so the
total uat of fission fragments in the core will be aU.

5) The appzvach to 5-megawatt operatIon wIll be slow enough to
penit all thez’nocoupln to be read at least twice during the
rise fron one megawatt to five.

6) The test will be stopped. iaediately should any of th. follow
ing conditions ajipear:

a) Eih radiation levels in reactor rocei or process equinent.

b) Con outlet water teaenture in excess of l3OF.

a) cmcnte temperature in excess of: aW’t.

a) lead temperature in excess of 30°F.

a) Fuel plate temperature in excess of 200°?.

r) Any indication of core staaatng, such as bubbles or reactivity
fluctuations.

The temperature limits have been fzed in consideration of the
softening point of lead (a. 550°) aM the boiling point of water4

The test will be continued until either the temperatures being
ennitored stabilize or one of the conditions in precaution 3 above
occurs • In no case, however, will the total power expended
exceed 40-megawatt hours, the equivalent of one weeks single shift
operations.

Very tnaly curs,

A. J. Kinchbaun
A3Yakhs

cc; It Dughe;
j jjg

—iaBs Rfl130165

13 ‘N
N Div±sion File



May 2, 1956

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.

Members of the Neutronic.s 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 LPTR in the

field of nuclear research.

AJK : AC
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N U C L E ON I C S

A SUBSIDIARY OF AEROJ ET-GENERA I CORPO RATION
TIRE

0. BOX 77, SAN RAMON, CALIFORNIA (NEAR SAN FRANCISCO) TWX NUMBER: DANVILLE 1I

TELEPHONE VERNON 7-5311 • CABLE ADDRESS: AGNU

June 16, 1961
HEB: in

Mr W B Reynolds
University of California -

Lawrence Radiation Laboratory
Berkeley, California J
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 Radiation 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 _react?I test2can be accomplished using a thermal
flux within the range of 10 to 10 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-0022l9, 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, 1961Approval for Use of LPTR Page 2.

Assuming a favorable reaction to our request, Aerojet-Ceneral 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 coordinationcan be arranged to the satisfaction of the University of C1ifornia 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 NUCLEON ICS

i

H. E. Bohrer
Manager, Procurement

End: Letter to E. C. Shute, Manager
U. S. Atomic Energy Commission
San Francisco, Calif.

cc: C. Blue, UCLRL, Livermore, Calif.
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I. SUMMA.RY

The purpose of the Hydrazine Process Development Program - Phase 2
s 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 .Lrradiations 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 LPTR as a
result of the Hydrazine Program testing.

Previous irradiation work at LPTR 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 containment. A layout of a modified capsule is shown in Figure 1.
A 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
mentation. In addition, it contains a screw-type stirrer for suspending the
uranium fuel uniformly in the liquid airrnonia 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. In addition,
the secondary vessel houses the stirrer motor, the sample lines and valves,
the instrumentation leads, the pressure transducer arid 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.

—1—
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The existing AGN irradiation port installed in the LPTR for the NNFRtests* in 1959 will again be used to 1:osition the test capsule adjacent tothe reactor core for irradiation. Figure 3 illustrates the position ofthe test capsule in relation to the LPTR construction.

Operating procedures are modified in several respects. First, nosanpling operations will be performed at the LPTR; previous irradiationsindcate that adequate analytical information can be obtained by allowingthe capsule activity to decay and returning the capsule to AGN for sampling.Second, in the interest of economy and ease of scheduling, the capsule willbe withdrawn from the irradiation port during reactor operation. Storage ofan irradiated capsule will he in the upper section of the irradiation portwith the top of the capsule just above the pool water surface. Third,although transport of capsules into and out of the LPTR area will againtake place during scheduled reactor maintenance periods (Monday mornings),the capsule irradiattons may take place on subsequent weekday mornings atnormal reactor startup time. This is in the interest of both economy andto enable analysis of relatively short lived fission products.

Transfer and receipt of accountable SS material will be made withthe approval and under cognizance of the San Francisco Operations OfficeUSAEC. Transfer will, take place in the same manner as in the first phaseof this program.

*
Nuclear Nitrogen Fixation Reactor, AEC Contract No. AT(04-03)-251

-2-
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II. DESCRIPTION OF THE HDRAZINE PROCESS DEVELOPMENT PROGRAM

A. PURPOSE OF THE PROGL’1M

The economic use of nuclear energy for chemical production
has been under study for many years. The fiss.Lo-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 issi1e material in liquid amxionia could produce hydrazine by means of
fission fragment irradiation at a cost substantially below, that obtainabl.e
from the conventional process. Preliminary plant design and economic
calculations were based on a C-value, or yield, of 1 molecule of hydrazine
prDduced per 100 electron volts of fission fragment energy deposited in
ammonia. These calculations predicted an amortized hydrazine production
cost of about 35 cents per pound. A somewhat higher yield seemed entirely
possible, with a corresponding drop in price to 15 to 25 cents per pound.

This paper study assumed the successful sol.ution of the many
iroems involved. One of the major requirements for the success of this
process was an adequate yield; the first phase Air Force-funded Hydrazine
Program thus had yield determination as its primary goal. C-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 1960.
Prior to this date, relatively crude hydrazine production experiments were
conducted in the 5 watt AGN-2OlM reactor. Wherever data for these experi
ments indicated a range of values, Chat value resulting in the lowest yield
ias chosen. Thus, the C-values of 1.2 to 2.4 resulting from the four
ACN-20U’I experiments were conservative. On the basis of the preliminary
r’lant design, this yield range s equivalent to a product price of 33 to
20 cents per pound. The more precise LPTR runs resulted in C-values as
high as 1.7, thus confirming the early yield data. The first se of
the program was completed with the issuance of a final report.

The success of these initial studies led to the formulation
of a 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, construction and operation of a continuous in-reactor loop with
its associated fuel handling and product purification sections. Direct

upport work necessary for the development of the loop and its components
includes studies in decontamination, purification, fuel cycle, materials,
chemical and energy deposition analysis, 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

**
AF Contract No. 33(600)-40878, April 4, 1960 through May 1, 1961

***
Nuclear Hydrazine ogram, ASD Technical Report 61-7-840, July, 1.961
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Lii. DESCRIPTION O LIVERMORE POOL TYPE REACTOR FACILITY AND
LRL-AGU LIAISON

A. LPTa FACILITY AND ADMINISTRATION

The LPTR is a 2 M solid fuel, light water moderated and cooled
reactor of the pooi. type, having nuclear properties similar to the LIT{,
, and OWR. The standard fuel elements, approximately 3 in. by 3 in.
in cross sectton and 34 in. long, contain from 140 to over 169 grams of
U235 each. They are assembled with top and bottom open to permit coolant
water to flow between the plates.

The control -rod-receiving fuel elements are similar to the
standard type except for slots provided for the entry of the control rods.These slots are obtained by removing half of the fuel plates, thus providingapertures of 1-1/3 by 2-1/2 in. This special fuel element contains 95 gramsof urauiua.

The LPTR is controlled by five absorber rod elements, four ofwhich are B4C shi-safety rods. The fifth is a stainless steel regulating
rod. Experiments on the ESF indicate that each of the shim-safety rods isortl about 2.57 in reactivity. The actual worth will depend on the fuel1.oading and the absorber rod IJosition. The regulating rod is worth about
O.5 in reactivity.

When the reactor is scrammed, holding magnets which ride withinILlagnet guide tubes attached to the special element release the absorberrods, 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 themagnetic armature. The magnets release the control rods within 20 inilliseconds after the scram signal is received and the release is indicated bya micro-switch contact located on the magnet. The regulating rod, not beingheld by a magnet, does not participate in the scram.

The top of the reactor pool is enclosed by 1/4 in. steel platewhich can be removed in sections to permit refueling, inspection and maintenance, as well as installation of the AGN Hydrazine Program capsules andequipment. The cover plates direct radioactive gases produced in thereactor into the ducting system, and since the plates are also fastened toother structural members, they provide some deterrent to expulsions fromthe 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 element storage racks. These are provided toallow fiss ton product activity to decrease before fuel elements are storedin the floor facility or are returned to chemical processing.

Shielding at the reactor room floor level is provided by theJenieralized water n the tank, the 2-1/2 in. lead section six feet high,aid nagnetite concrete six feet thick. The magnetite concrete sectionextends 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 17 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 environment. 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 157. make-up air. Then 157;, 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.
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ORGANIZATION O AGN PERSONNEL AT ThE LPTR FACILITY

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

(1) Installation of test equipment

(2) Test operation

(3) Removal and disassembly of test equipment

The maximum number of AGN personnel required at the LPTR facility
or 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 !kGN operation.

All AGN work at the LFTR Facility will be performed in accordance
with the detailed procedures which have been approved by the LPTR Facility
and LGN. Any deviation froa the a”proved procedures will be trrmediately
reerred to the LPT representative. No deviations will, be pursued untU.
T.J’Tfl approval has been obtained. In addition, the right of the LPTR
representative to stop or reorient the AGN work at any time will, be
r’Lgdly respected by tli AGN supervisor. If any disagreement occurs,
the work in question will, be stopped until agreement has been reached.

C. INSTALTATION AND OPEiATION OF THE HYDPAZINE PROGRAM TEST
EQuIP:NT

This section provides a general description of the Hydrazine
rrorain 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
Ll’TR, the Iydraztne Program test equipment consists of the following parts:
(‘) two in-reactor capsules, (2) a control panel, and (3) an el.ectrcally
o.erated hoist.

Transfer, receipt and handling of SS material in the test capsules
.‘iJ be done in accordance with the provisions established by the Corrmission
as set forth in the USAEC Manual, Chapters 7401, 7402, 7403 and 7450. Trans
fer between ‘GN and LRL will be made under the cognizance of, and approved
by; the San Francisco Operations Office, USAEC.

The control and instrumentation Panel will be located between
tie platform walkway and the top deck of the reactor. This panel. will
‘ccupy about 3 sq ft of platform space. All connections from the control
anel. to the test capsules will be disconnected during non-test periods.
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PT. IN -REACTOR CAPSULE DESIGN

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

TABLE II

Equipment Size Base Material Net Weight

Primary Vessel 3.5” GD x 15” long 304 and 347 SS 15 lbs

Secondary Vessel 5.563 GD x 60” long Aluminum 6061-76 40 lbs

Exposure Port 6.625” OD x 22’ long “ U 150 lbs

Control Panel 19” x 26” x 12” “ “ “ 60 lbs

Combined Weight of the Assembled Capsule and the AGN Hoist 250 lbs

Content

Vessel Liquid Gas Fuel

Primary Vessel Liquid Anhydrous Ammonia N2 H2, He, Kr, U02 or other
etc. gases enriched fuel

Secondary Vessel None Nitrogen None

Test Conditions Temperature Pressure

Primary Vessel Pool Temp. to l0 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 iS in. from the side and over the B-i beam port. Thermal neutron
flux inside the primary vessel is approximately lOhln/cm2sec when the
LPTR is at a power level of 2 14w.

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 l.ower
part of the stirrer magnetic coupling and provides an expansion volume for
airionia 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. forthe vessel is located in the upper chamber. This type of seal takesadvantage of the vessel internal pressure which tends to force the sealtighter. The seal ring which is deformed to make the seal will be madeof soft aluminum.

A rupture disc tested to 1250 psi and designed to withstand2000 psi is installed in the vapor space of the primary.

The base material of construction for the primary vessel, istyie 347 stainless steel and the stirrer is type 304. These were selectedLecn:ise (1) they contain none of the metals which promote the decompositionof hdrazine (e.g., molybdenum and copper), and (2) they are nonmagneticand will not interfere with the magnetic stirrer coupling.

The stirrer device rotates on stainless steel ball bearingsoperated dry.

The design operating pressure and temperature for the primaryvesnl are 165 to 615 psia and room temperature to l0°F, respectively.Under these conditions, with a minimum wall thickness of 0.154 in., theL’la;c.. um design stress in the vessel, is l300O rsi (occurs in upper cap)which is well, below the allowable stress of 18,750 psi. Design detailsand stress calculations are included in Appendix A. Heat generation andtransfer calcuiations are included in Appendix B.

The six connections to the primary vessel consist of twotherocouples one pressure tap and three sampling lines. Each of theseis connected to the primary vessel by a high pressure fitting.

The temperature of the primary vessel is controlled by one40 watt electrical heater around the upper vapor chamber and one 120 watti.simersLon heater located in the water coolant circuit. The latter heaterwill control the temperature of the water in the water jacket around theprimary vessel and will be actuated by a thermistor in the liquid of the1:r imary vessel.

The normal chemical loading of the primary vessel before irradiation is 200 ml of liquid ammonia, ar&nonia vapor, 4 to 10 grams of enrichedU02 fuel and an approximately 20 psi overpressure o N2, 112, ICr, He orother gas. The cover gas functions primarily as a carrier for the fissionroduct gases. It is also desired to increase the pressure of the nitrogenand hydrogen gases by approximately 100 psi during some irradiations.

B. THE SECONDARY VESSEL

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

(a) the stirrer motor (universal type adjustable speed)which drives the primary vessel. stirrer through amagnetic coupling
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(b) the pressure transducer (Bourdon tube type coupled
to a potentiometer) for the primary vessel pressure,

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

(d) the instrumentation leads,

Ce) five spacers,

(f) 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 Co 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 0-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 established by purging
until there is less than 0.l 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. O.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 pooi 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-i 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

The electrical signal from the pressure transducer whichsenses the primary vessel pressure is fed to a Hycon digital ratiometermounted on the control panel. This instrument is a self-balancing bridgewhich indicates the ratio of output to input voltage across the potentiometer.This reading is in turn converted to psig by a calibration chart. Theinstrument has a range of 0-615 psia or 0-1015 psia when used with differenttransducers.

4. Stirrer Speed

The stirrer motor has a power rating of 1/7 hp and drivesthe stirrer, located in the primary vessel, by a magnetic coupling. Avariable transformer is mounted on the control panel to set the speed ofthis motor from 0 to 10,000 rpm.. This circuit also includes a voltmeterand ammeter which is calibrated in terms of motor speed, thus making itpossible to reproduce the optimum speed found during circulation experiments.

5. Coolant Circuit Control

The water coolant circuit consists of an inlet for LPTRpool water, a pump, a heat exchanger, a solenoid operated by-pass acrossthe heat exchanger, a thermostatting jacket around the primary vessel, andan outlet to the LPTR pool. The temperature of the water entering thethermostatting jacket will control the power applied to the heating elementin the heat exchanger. The by-pass will be operated manually as required tocontrol the thermostatting jacket temperature during rapid temperaturechanges.

6. Differential Pressure Transmitter

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

E. FLUX MONITOR

The neutron flux in the capsule region is to be monitored bythe use of a 1 mu gold wire placed around the secondary capsule (Figure 6).The wire is held in place by means of a snap-on ring holder designed sothat the wire is in a reproducible height for each irradiation. The goldwire will be attached at AGN during preparation of a capsule for irradiationand will remain on the capsule until it is returned to AGN for analyticalpurposes.
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