{CLASSIFICATION)

PROJECT - - i == Daxe

%«J:—Sf,é

Af: / 57355!5@ .FA irﬂl:ﬁp THWEST— |

RICHLAND, WASHINGTON

g

nssumc!glu-: s TITLE AND AUTHOR . ~-'.ﬂ*-

INTE

gl
2
T F

W.

IS IN_YOUR. ...
) D IT TO Y.OUR
BPSTATION, IT 1S YO
; CONTENTS WITH

IN THE SPACE

PAYROLL _NO.. .| .- LOCATION FILES ROOTE 7
3 b DATE g

30135, | 314 APR 1 5 1965

4

T ea e

TIIS DOCUMENT IS
PUBLICLY AVAILABLE

i

wu il i ll-'L

DOCUMENT DOES NOT CONTAIN ECI

Reviewed by: WC COSBY Date: 2230{ 7/
i |

il

S4-1100-026 {1 —65}
AEC'RLOO RICHLAND. WASH
el T oL Y




o
-
—- -
" ’!‘" :‘ LY s -8
= = == — ==
£ ErES ¥
. wrEwow -l L
T
e £

.ﬁwnmmwmim
AL DETERMINATION
 DECLASSIFCATICN CONFIRWED

BISCA pfreeINE £ 37
g&w DAVE_P— &£/

AL =

My

.!ﬂo
hin
-
[ ’
- Iﬂ "

(1

e

= ..
[ =
DIATRIBUTION .

CAIFEE = / _.—,--—-ﬁ

R doeumen: conslata Nf
", No

Emw

e
DECI, SSIF;;“ ﬁob

il



WS aas-lisen

\“\, - o - 98

INTRODOCT 08 e : - __
wae . vATE vy gelepl . . }{& R z
Boran trifluorids gas-has.besn pr - 58 B control mediwm for use iam Hanforq,

reastors. In June 19%2, a davelopment program was initiated by the Iile Technology
Ma:ipnical Development Bub-Unit dirscied towards 2veloping a prastical ¥y supple-
maeninry conirel kysiom.

The principle of this type of xystem is simple., A tube mey he located within the
meutrom Tlux of & reactor, W% tel » HNow If BF, gas is intro-
ewref into th.s  ube, wome~ol the neutrons, be atsorbed by the ‘gorm (B10 imotope)
in the gas. The nwmber of neutrons atsorbed will vary in proportion to the nuber of
3i0 Atous present im the flux whick iz in tumm Proporticnal to the pressure exerted
Wi the gus. _
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It Zp anticipated that if the prodlems commectad with the development of & stpple-
meuiry semtrol rystem cam be overcome, it might be pousible that EF control tubos

mlhufusMcuchmﬁlumnumhotcmrolmu
& primary santrol elsmwmt im future reestors.

H In":
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The jurpcae of this docwment s to imdicate the present status of ihe development
Progran, peint oul the problems that have besm overcome, and make recosmentsitions
coiciirning the areas whers furibar derelorment work is necasssry.,
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A, X5nple By supplemensary control system was wooked=up and WJ Much saperience
#elned in the hazdling of 37y at both hLenEnd lov Jressures by ee of tiey
equipment. An efficlent system for dIsposing of the gas )
besen developed. Experience with operatiom of the mock-up indica
relatively sesy to bandle. Various meihcis for controlling the pres
tigaiad. | oo -

mmm&"ébrmim oxperiments mtn;d that BF; at low présswre does mot attack
28 aliwminwm appracisbly in the prezance of various” smounis of molsture e . . S
.,

Physics calowlations 1ndica.tq’thst itk level of induced radiosctivity of the s
shoulid be very low. ) I . B -

<. Aluwinue capsules containing BFz were irrsdisted far ome month. The gas was ssalyzed f‘
oa the Mess Specirometer and the solid produvols wers avalyzed by the Spectrochemical E
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and wot chemical techuiques. <Fhe TeFilis-of-thess HOBlyses are LucIided- mr this
TePUTY There yes no observables corrosion demage to the 23 aluminum capsules.

CONCTUSIQNS ANE RECOMMENDATICNS =

All of the tests and sxpsriments perforusd Lo date indicate thet BF, may ba used in

a properly Zdesijgnmed systom for pile control, Furthe: development L¥ required in itLe
arsns mentioned below:

1. Yhe cconc-ics of this type of system must be studied. m. study ghould include
thw 4 -. " mtion of the optimus number and location of BF, supplementary control
tubes in prosent reactors. A cosparison between the costs”und Jdesirabiistiy of
this type of supplementary control and the poison coluse push system should also

e node.
EEy sy te considered for use th- P ry comtro,
- tybe of aystem muy Blss te ed %o t&a operat ; by detigniné systom
such that iha BFy ocarnot ceospe into the graphite 1.:‘ notma) nperation of the
I In the onse of loss of coclant and malting of the reactor componsntis,
the system should be designed such that ges would not te Lloved to sacape inte .

rstem of Lew mctors. This

Tencter.

e mﬁaen bt voula be d {::tod into the ges in the graphite stack,
Tow rest of By con foxr thix uMco doubtless by much .

Jess_ than a rod 8 ua. m relative pal of the twe am would seem to be
the iavmlu fuc in the c)mico Mm two

— -

2. ﬁii‘mu,gu a.nd guummge- d‘ ‘x.fm rroat-‘.;o-rnr dhcrption 1h_ou}.d be
Mtoﬂ. If it appeers ihat a mom-uniform fromt-to-remr absorpticm is
desipable, this can be aeea-piisiﬁ by wsing & tiube vhan croes sectiom is varied

== - = i =
~Another mrn practical way to &ccmluh this is to hlort [ ) ncw-mifom plug
—~———"4ato the ctmtrol tube,

é -
=

b
4

3. Further stuly of the out~of-pile corrc-.{on rate of 313 g8 in contact uth ul\n!.-

nom ¥ould soem very desirable,

k. Imm:m of larger volumses of By in tlmimn containerl should bo iﬂo to

ofmine sore accurately ithe mducgd radiocactivity levels, the burnout rete ¢f

810, ana the pressure increase dus to the (n, «c) reactios. The in-pile corro~
lifs rate should be inveatigated further. It must x1so be determimed if bormm
will contixmtn: plate~out on l.ho {mmer surface of the control tube, If borce
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the valme of this typs of control syestem since it woul? theas e Ixpoes'bdls to
vt essantielly 'rtero' comtrol when deairad. Pre:timivery da's {1.3{cate that
=ary Little torom is cepcsited om the iuwbe walil, but further Lrveatlastipn is
- ngiyaple, — - - =

k continuing search should be male to Find the ot imum remsie-sperated press..e
ebtntrol axd Indiceation system for use of the operator in the coutrol room.

Since pressura of the gas will {ncrense with the lengtk of sxposure of the 5
it the Leui 1 flux as a rejult of BIY burn-out, a device to momitor the BRI
semcentration in the tube wonld bYe the only accurete indicatiom of ths “biackness™
o8 e tube to neutrons. Izstrwsentation which will perform this measursment was
tet up sBd tLested. It is described im the discussion of this report. It s de~
#irable to rafine this instrument if further development work imdicates that 33'3
in suiteadle for pile coatrel service. ’

Lo ADVANTAGKS AND DISALTANIAGES OF USING Xry AS A CONTROL NEDITM

Om thy ssswmption that the future dsvelomssmit work indicates that a satiafactory 5¥
£88 nimtrol systan may be designed, swe of the axpected advanteges and dummuczo
of svih a systear will Le discursed.

A, Insreassd Comtrol
A the present time there is mot emcugh cosrtrol strenathk n the horiszcntal eca-
trel reds in the alder piles to scccrmodiate the resctivity tranalsnte dweing
Art~up for the powsr levels perEitiod by current sorrosiom and grarhiite Sempers
nture timits. To overcome this problam, roizos colwmms sre weed, 1,e., load-
Lnduivm slvgs are pilaced in a nwEsr o procets chwmels L6 abedrd the excess
matromm, thus miking it poosible to coutrol the power lavel with the camtrol
1idds .

A% B Pllw & wystom has Deent set up to allow the poisom eolvmrs to be warked out of
txe plle sz the weed for additionel control is reduced, without shutting the wit
fven. ALl af the other old piles mmst be adit down wwwmlly omse but ocessionally
Linioe during startap of the wait te allaw disclmrge of Lhe poieon slugs.

i thene polsom colwmms were repiaced with BEFy tubss the operatios of reducing |
the polaom e the pile would be greatly sixplified. Ny meraly reducing the
pressure in the control twbe to & vasmun, the same effeet is produced as in
ramoting the alwes from the procoss cheaxme)l, Thus, 2o slwes »eed to be hendled,
dacomtaminsted, st2. Also vhen poisim alngs are removed they sust be replaced
14tk s0lid alwminue dumxtss to kned the wensllit presswres
Heis alumi=ws atsorts some resctivity., Xm tiwe case af the W, ¢

1ara ceumirel is Jesxired, the predstce will be reduced te a fa@ wicrons thus re-
dacing to o ninimum the amaumt of reastiviiy absorbed.

fa.vomtrol of Hot Spots during Cparsiioam =

T, foring s operating period, s hot-spot Jevelops, the pressire in e meaxhy BY
exirel tuie may be Increarsf Lhe proper soomnt (o reduwcs 3o tewpsrature is

TS
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7. Mors Fapin Scypm Possible ST

1. i expected that the pressurs of the Ir, tutes mey Q increared i} l .
v4Ty Taplaly, maxing possible & more ramii Ecram than 1 presently ocbtaimsble
with mechanical equipment. .

D, System Offers Hany Possibilities for Future Utilization

¥rom the above mentionsd poiuts it may te soecu that 1173 gas pressnts a very
#lexible and rapid means of aontrolling & resctor. As the power levels of the
chactors 2=~ increesed, the need for mwore snd more coutrol also increeses, thus,

ii may be v..y desirable in the future to replace some horixamtal mﬁ/or vertical
sentrol rods with EF, tubes. The advantages here, of course, are dus to the

isrger areas of borok that mey te oxposed to noutron bombardment. Also the
wmenanical problems are reduced since no rod drive, seals, eto., would ke required.

K, Poasibility of losirg Pressure

There is ome cbricus disadvantage imhsrout in & gasecus cont, ol systam., This is,
of sourse, that if the system devaiops A leek whan the tthe pressure is high,
iihare ¥1ll b# & loss of comtrol. This possibility mey e minmimized by pericdic
pressure tests of the systam while the umit iz not operating. Alsc, it is de~-

#irable that the system be set uwp swch that each tudbe of N’s i3 a pressure vessel
gsparatsd frum the other tubes.

»

The .I}ocu of sayrthgjuskes, bHlasts, ete., provably would be more sericus in e

gns syEtem im that some of the companants sy be ruptured sad sudden resativity
increases noled.

When & newtrom strikes & borom atom the rollowing react

il il bl

on (1) t&h; p;c:g

\ X '
“\ :;”3]5 Mo T
. 7& 147 (excitea)
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When the borom is in the form at Blol‘s! it 18 sxpoctel that the tollc'ﬁng_- will

occurt
53(’?-_.: + (_fll-_;ai + Bl () & me* & 147
assuming Lif 4+ FosLiPF and 2F ¥y

there will then be thres mols (1iF, He, P,) whare there was one BY

Ally. Spectrochemical analysis irdicates that the 1ithium formed {s
upon the we 1 of the container. The Mazs Spectrometer analysis
the amount «f fluorine in the 838 is reduced by irradiatiom,

daposited
indfcates that

the fluoring combining with the lithiuas. Some of the flucrine sy 2180 combine

with aduminte £o form aluminm flucride. Since the corrosion rate of aluminua in
somt ~t with flworine is less ihem 0.005 inches per year (2), tke corrosion effeqt
from this scurce shouwld not preseat a problem unless radistion accelermtes the ra-

Betion appreciadbly.,
B. B

The rife at whick an element is trensmuted by pile irradiation is described by

e differential equation: .
R B
- - ¢ 4t .

(i

— M iw 5; nm’bc; otatoac cr th; .J.ujm;t remaining.
# is Lux Supsity-neutrons/sq.on. fses.
. i a i% the cross nestiom for sbecrytiom - m berns

= g R |
‘.'___. W . _Sl Cn L= :___l;_
;: b’t“ ‘—_A“.-~ _ i.' A _
o mx | =80, form - 4G (2ee,)
_ @ . -
S M te0, X=N, o
- —_"_"_lgl-hlo-hl/lo.—‘():t” -
'l_:hor&m: oln i/“’no"g:: t -
= wherei ' . o
o7 Ao = numter of atomsfoo at t = O -
RE) tLu in seconds o

fow, Xaowing that —a for B0 1 approximately 3900 x 10°9% 02 414 assuming
8 flux § = 2 x 1013 reutrans/ag.cm./aec. vhe burn-out rate of B0 my be cal-
sulated. Figure ) indicates the burm-out Tate as a functiom of time far the
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cceaisicks atated. The caloulations sssumed LhAt there Wa+ Lo renervs ul

P2 in tho systew. ihe BFy mock-up hee approxim’ s’y 1/% ¢ 51 foot =f #olpme
i the Tobitrol tube end epproximately 1/3 cvbie foot in fhe reslever. The Loirm~
it yate wouid thasefore te lower thaxn ;ﬁicaud vy the turre by roughly & fx.-
tar af tws for this aystem, Since the BL1 {gotops bam a Bepture croms cectiv.
of € .35 barns. the of fect of this faotope will ta negligible,

*, _Frempure Incrense due 1o {(n, =< ) Resction
For each i 3 woleculs struck, thore will be thres molecules tormed, The LATF s
kxpecied o La & goiid., it will therefors increase the pressuve & vary Fanll
pmormt. The halivm and ¥, will doubtless be gareous. Thus, affoctively tLere
tre TiHo mols of gas Lo for oach mol destroyed. Figure 2 snows tats increese
4s » funciicn of time. From thesze two pample curves it will te noted that if o
fiver prexsurs is Lo ve maintained in the systea by blesding off the g=%, o8 the
mrwtsn incrsices, the control value of ths tybe decressss not cply zs & result
st MY atoms being burned out but also mome 210 y111 be removod Ty bleoding.
Phis Pactor must De considered im the dsmign of & comiral syssem. it {wdicates
that 1t is probably more desirsble to use om-off valves rather than pressure
reguiators o control ihe pressurs. Howsaver, both means of pressure codtrol
wara iovestigeted.

- in-hear valwe of & XFy oGy tubh Kt various presiures was determined. A
plot o ceq’r.rol girengthk In in-hours versus proaswre is shows in ngm'o_a.

‘. g S = PR
ﬁ....»mg'

| ;‘ |

- 5, Prepsriies of X3 in Coptect yilh Vater T = - -

. Dry worem trifiumoride does not stisck (3) aluminvm, Steel, brsas, or say other - :
. of the urinl matoriels used for comstrestion of presiure vecsels and valves.

U AN
e ——

When borom t¥iflworide in pessed iuto water it ie hydrolysed snd several scldie

sonpownis ey be formed. Tho fermaticn of specific comporis is & funetiom of
-ibe kinetics favolved, for the first rescticm products Wy, in time, be solvatsd.
s Knowm resglions with available egailitvrimm comstants appear in Table X. =
. = Sa _ Z T AR = - R
“:=¥he polubility of borom txifinordds in vator is of the sams magnitude & that of ~
aximénis {n water, At 0 C under aa axtermal pressure of T62 ma., ome ml. of watex
. shearbs 1057 xl. of boron trifluoride. At room tewperkture the ratio of absorp~

gic= 18 1:T00 (k). This very nigh solutility suggests molvatica of the gasecus

‘Ulmo . I

T e R et P R T e ¢ PR

Whadl voron triflvoride is pesse. into water it is hydrolyzed and several acidie
aoupoids my bo forsad. The formatiom of specific compounds is & fuation of
tre Xivetics involved, for the rirst remctiom products may, im turn, B aolvated.
Lnovm resstions with available equilibri:m coxatents appear $n Table X. .
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TABIZ I (k) -~

FEACTIONS TH THE 3YSTEN, BOHM_TRIFLUORIDE-WATER

Rafersncas
iy #5 + BpDewsBbqe HoO + HEF0H (5
. EubalR & 77 SEF & NEF,(OH)p Kpquip = 1.1 x 2072 at 25 ¢ (5)
. Eriym s B SIOY EER, + BgO B (5,6)
8. HER + iﬁosiamg + WEF o ‘ _ (’;) B
. Fiify + Bpd e + TEF, 8 Foquir = 232103 at 235C  (6,8)
N, wy a0 ek BR3-Qlio0 me[N30d [3?3(“}"’ BF + BEFp(0N)2 (5,9) _
i+ SUSPR EE.") peet EBVQ(CH)p + EF-REF3-hBg0 ’ (10)
8. GHBPQ(CH)ymer NIFy + ByOy + SMQO - (9) —
9. HiFg(Cf)p + EgD «=t 2BF + W3BOy . = ()
10. MiFq + -?go*'im + Hy30y - u S l(l_..l);
11, B;20 + Xr {8 Mnr(aH)4 - (a2)
12, Mip(cH), + Jar KA Er, & 30,0 (12)
1%, HyBOR + JUF e NEFJOH + SN0 _ B E (6}
W, 2UF3 + 5820 + N3BO3 v JEEFR(CM)2 ) (10)_
Zur 1he over-sll reectiom of borem trifly and vater, the equilibrium comstant

x(114ers /mole-ain.) = 6.4 x 202 + 7.33 > ot 25 C. (5)

B, Ex Pyrformed to e C

t5 Aetarmine how severe the corrosion probles would be when IFy and 28 slwinum
yers in comtmot with varicus concentrations of EpQO, soms 28 eluminum capsules
were £11led with IF, at atmospheric pressure. Yo this BFs was added water vapor
55 tLaL some of the“samples contained 3%, 10%, and 20% iaﬁ by weight, The cap- -
fuwles were then scsled and placed in an aver., Tte tempérstire ia the sazplas wes
maintained at 110 ¢ for 1400 hours, Figure b shows socwe of the ~apsules which
ind{cates the extent of sorrcelicm.

WECLASSFIED -
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[t ez rencxaily hel.eved that, §f water iu an aliminm contairer wes satir-

hted with BFy the corroas Samege to the contalnar vould de scvere, Te
fetarmine .f thie theiry wea correct Lws slug cans were partially £illed with
weter. BF. was thes added watil the wwier was saturated with M3, The ax-
#Erimeat was verformed s% room temperature and presgcure. Figure s ahows the

THD Blme Lars which contained the solutiom. The can om the left wes scptied
Mier thres wnilhs 5o that the corrosion dumege conld be obsarved. The cem cu

be rigkt ~outained the wolution Tfor aix months, A white powder was depraftald
lpol the w . of the contaimer, This wex analyxed ang Tomid to contain mome
orom #nd & fairly large amomt of aluwinus, The corrosion appearsd to be slight.

Uhreules similar to thoee shown in Figure b were used for the irradistick of the ol
£an .  Afler Lhe gas was asalyred, thene capsules ware cut open. There was no
nheereadle corrosiom. This 1is quite significent since the 31’3 vhich was irradi-
dled contsincd Ea0 to the axtent of 1 nol-perceat,

;ii‘ttnguw-m&mnmumemuoltmmmlmmus tube, it
¥ expécted that there will be - )
Mmli seount of EF+ relative to the water,

M. FIVECT O TRMDIATION o My

Two indred cutic cemtimeters of 37 At TR mm. pressure ware irradinted im aluminus
tibes for 10 gy, Mumuv;

waE 5,17 x 1019 gy, (Mmtuthtmmmtdtmum&mqumt
m,'sancolmmmd,mnﬂummhthuh, in meutrons per

dqualy centimetus.) . _ =

According te thecry, the M concentration should reseia practically constant due to
its nell crcus suctiom (0.05 barme). g samcentration of the 310 1xctope, dus to
its Zorce (MOOO burns) abgorpiion Srois-acition, showld be reduced. The halimm con=
ceatintion should imcrease im direct proportiom to the 210 dwpletion,

The 1rradiated ses wes analysed em the 108-B Magy Syectrcastor w:d the reaults are
shown In Takle IT. ~

It sbould be noted thas fbo sensitivity of the Mass Spectremeter to helium iz showa
Guite precisely. The sonsitivity to Iy has not Jot beon esteblished. It ia onti-
sated that the 1sotopic ratios shown im 1s II are sccurste to 210%, -

These date show that heliwm is formed as theory predicts £t will. The ratio of 310y
to BLiry shonld have reduced due £0 irredisiion. These data 40 not confirm this
asgunpiion, Furtlir anslyces of irradiated XF3 will be required to Qeterning how
the tnatopic ratio changes dus to noutrom bombardment,

The irradiated saxple cans were cut open and the solids edharing %o the walls were
analyred spectrochamically. The results of this analysis are pressnted In Table IIX
vith similar data for miirradiated semple cans for céeparison.
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Sysbol Meaning  Approzimste Conmcentratiom

oy — -l - ~ ‘- - =
TABIE I3 ; o
Unirrsdisted  Irradiated . Uairradisted  Irradiated
Fon~enrichead Nom-enriched Enriched Enriched
BFq Bi'q EFy BF3
*le G 10 e] k8 =
“'Zli?‘a 98 8 98 3
*1131%3 19 28 T8t B 86 —
'”13 F 8o T 13 _ 13 .
- E mol-parcent by volume
9‘*’-’11 and 811 fsotopic concentratiom im percemt
YARLE TYT
Unirradiated Irradiated Unirradiated Irrsdiated
¥ou~enriched Non-2nriched Eartohed Inriched
lilement Br3 R btk B¥y
Ag T=-M T T r
Al -] 8 8. 8 =
B N 8 o - M-8
Ca T T N T-X
Cy _ T T 4 r
Cn )1 x r-N _ %
Ya »3 N-5 M-8 X
Ga, ] T M - b 4
2 - | - }
Mg - Tt u x A
¥n ] T o re K B X B
¥a - _ T ™ —_ T .
¥i by _  J - 4 B _ o
o T=M N T-M 8
8% T-M u T4 o n
Sa 9! -~ L -

8 Strong Grester them 1% B
| Nodorate 1% to 0.01%
T Trace lese than 0,.00%

Spectrochemical analynes of commorcial 23 sluminum show that most of tiLe elements N

BB R O N TR R SR PR ¢ ] e AEMTE LAY T

i

R ST L P

ated are umuritiu in the netsl. The twe elements of mt are borom and l1itium.

¥o 1ithium was yprescn: in the tubes which comtained the uutntlutod g8, z\ moderate
amornt m fm?d 1n the irradiated samples dwe, » doubit, %o the nuclear resctiom
B0 4 al 314 e*. The presence of borom mey be explaimed by the chemical resctiom

=&
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2BF, + Algly—> PALFy
the rute is proportional

pregent in the {rradiate
the roacior, Was womewha

~iD=- = Q-Tﬁ;ﬁi

Oq. This reacticm Las been cbzerved {16} at 450 @. Since

-

the temperaturs, there should be s1{ghtly more borom

4 samples since the temperatures of tLexe samples, vhile in
t higher the., ambiemt . .

S, ITWLUCED PADICACTIVITY (% BFg

A typicsl sample of conmercial B‘F3 comtairs the following cestituents:

Calculations to determine

Thery are, Ba acubvt,
the meotivity. After &

|

%.2%
2.37%

A%
kY

the imduced radicactivity to be expected in commercisl B3
aftar ome, two, and thres mouths expcsure in a reector wers made. (17) The éaloula- -
tiory astuwed that the saxple was contained in a pressure vessel with one cubis fool

of wolume at 350 pesig pressure. The maximam caloulated sctivity at & distance of one
foot (18) from thw contaimer was 1.k x 10~3 MR/hr. dus to gersa,

amell tyaces of other imgmrities im the gas which will incroase
Mtim&smloefthommnbmw:odmﬁmm
ray Fpecircemwtar to deterxing socurstely the idemtify of ifmpurities.

2 _ h - - <z

As uls previousiy giscussed, the total m exbried Wy hn'z:; s will imcresss

a8 lie nuber of

atoxs are struck. Thus as ths "blackness

cantrol strength is’

rediied, the pressure increases, To dgsarrine the sctusl comtrol strength, some
menirenent besides pressurs m i MRS,

= B TR I TR Tl s o= =
Sinen comffol stresgth is directly propr=tfomel to B0 comcentration it would be

wogt. desiveble to meesurs this valiue direetly. Yigure 7 iz a sketch of the apparatve

set up st 165-D te determine the Tonsibllity: of mémitoring the B0 concentration pre=-

seni in BF, at Yy time.

A suell c;—g:sux; of redium-beryllium was vsad to SUPply mewirons. Some of the neutross

pery through the peraffia

peced directly to the HFy comtrol tube. A msutrem commbter, located above the ?J}n
container, messures the number of nevtroms which pess through the gas. As the 810} -

which thersalizes them. They then pess 4nto a chrzbsr con-

comentration docreases, the nwiter of peutroes which are allowsed to pass through thw

chanmber increasus.
source, changing the volume
polderstor and by chaxges ia

The sensitivity may be comtrolled by varying the strength of the

dthomsmmsd,bvalnthtﬁcm«s of the
the gecwetry snd shielding. Further developmsnt work to

7ind the optimux system will be required.

7. METEQD OF UFILIZING THE WFs

For full scale in-pile testing & L.Ak" 0.D. 26 sluminum tubs 35 feei long may be
eas tiubs and pressure fittings attached as shown by drsving R-1-%5183,"
1 tube will commect the coitrol tube to tie prossure control equiyment.

placed in & proc
A platnluss stes

3

IECLASSFED ™~

PN APTTHRSI R T

gL LAY i

P i e

e




TLASSIFIED ™

DECLLSS!FIED

SRR ] SRR

PERE- Foo . R
TIIL I wRe i SRR B CTE iR, A,

1@ Awisn 4 Jatareine the feye (bility of inserting & 1.4k07 0.D, zomtrol tufe fncs a
cier sl g.cess (2w 4 Ko DL F. DRL an4 ¥ Lype tubs wis beRil Lo reproduie the con -
al 7 Pile when the arvsh wes maxisue, {(19) A bullet noce was >~

4 the 1.840" tubs, The Lube way Jabricated with watar mslubls ofl,
“Le lukrizamt, ingeriton we= n=t afrftcult.

2= eenad imternialr to 100 T, A A0G pei hydrostalic pressure was sza—teld

£} By =7 mi daisads 15 the tule., Stess was then pessed over the surfacs of
ihe e 4] .4 0 wae reached. This tewpernture was held for seversl howrs. The
Inturiasl siwrenre wes then Taised to 630 pet snd held at that lsvel for some time.
Toe Nrestufes wia them increasad slowly to L3685 pelig at vhich pressure the tite rup-
taadl, S oo

Efivane csfe sual e takem in the selecticnm of pressure control equiyment. X¥. bardens
bett gyniletic sod zatural rtber sod sttacks all plastics except those with a’fincrime
bane Fukk e taf'lon. Sevsral metals such as brass shounld be avolided if there is a

Letitey of the gas ever comtaining moisture. (20) If twé or three-wsy solencid
miver are th b weod they mest xive a dead-tight shutaff oti~rwise the borem eoncenw
trmd Lo w21 yary with time. Pressurs regulating valves designed for dead-end carvice,
Wil are eewirvcted of switahle matarisls, offer anotber pessibilizy. Figwre &
vy & eelirication of & vommsrcisl regqulator systen which makes possibls the close
reasintirn of &'y pracsre remotely by uze of low gressure air. The regulator was
orizisaily desighed for alir service. Air wna to be sllowed to bleed off comtinncoaly. _
Teis ey B aliminated. The saskots «nd soats were repinced with teflom. o be
ol alaly sailsleactors, the body shomld be silver plated te make the valve more cor-
el resistent in emse moigture iw Prersst inm the B2 for a prolonged peried.

i

A Burisdule motel 9TTIS thres-positim, four-way valve iz wt presest Tuing tested
£t 1153 te determine [te sultability for sarvice with 5P gas. T:e valve iz all
saainless stoels the gaske's aud C-rings ars taflem, It Is mrected thet this valve
or a modifiecation of 1t will be sstisfactory for wae with this ges. N

e — . e—

Pigurs B shows the methods by which these vaives msy be wiilized im & 3¥, symtem. TN —
mary e seom Lhat & series of ssparate -~omtrol tubes may be altached to qao suEply and
oxne it semifoid 1f it ix desireble to Jve s rambher of tubes im the installiatiom.

t
t

. | 1 '
T 88 TR N PRSI AT T

Exe=yie & of Figire 8 shows the applicatiom of & three-position four-way valive for
ke jurpcse of comtrolling the pressure of the Xy in the control tube. The gas,
after use im this case, is absorbed in wnter at the throst of an sspiretor.

The irstem shorn in sxmmle 3 (s the sams as A sxcept that s remcte-cperated pressure
reruintor (for instance, the modified Norgran Regulator previously .enttoned) is wsed
to vury the pressdre in the comtrol tubs.

Ennrvle C shows sn sxtirely closed system. Xither a pressure regulmior or & three-
positiom F@ur~way valve may be euployed to comtrol the presiure. The aystem way be
ebarind riginelly with the propsr smomt of gas through the w.ive at the left, The
R iq etweean the two tanks Is to be olosed. Mow, to incresss Wa prvaure Ix the

i
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Mol ified Rergren Pressure Begulator
Madel 200A-00-%
AN §tephrans veplsced with KKL-F.
i . All gaskets and valve seats Teplaced with teflom.

I

Closel TUppor aiaphran dfameter incressed such that the ares

_ _ s ten times ares of lower disphram.
- Stewm spring changed. - . ’ L E
g All parts to he silver plated to prevent corrosiom. ‘
= L4t - OuRing Removed Keutron —_ _
- : z Count ing Tube -z
= - _. G v
B pon l
% - _
i _
= Pressure Vessel
_ containing BF3
= \\@ {0 - 360 psi)
= ¢ N Fareffin
) Tegulh .ox mqo et ‘

BFy |~ Source of Neutrons

Btorege

| € Lead Shield
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o=l tibe. Lhe Towr-wny valrve sy be oponad to tle pressure. To decrease pressure,
the ¥)iTe 18 opennd L0 the vecuim tank. This tank is kept moriaily at -12%°C Ty neans
of a refrigevetion iystes. The BFy will bte liquified at this temperature. This will
bring Lhoe pébasure dbve the liqudlied MWy to approximately £9.5" Hg of vacuwn. Dwring
W pariod vhem the pretsure om the coutrol tube is to be maintained, the liguifdied b 4
will L luated, tLus imcreasing the pressise iu the tank to a high pressure, The ~
Rive belvedh tie4 lazks my thes e opsned and the gas expanded toBrOOpci in the pres-
Fure IioMigh tank, The valve say then he tlosed &nd the residual gas again liquified
thus jrodw™ - reeuum I the tank., This sxsxple indicates the basic features of a

relfriceraied 1. 0%, Al operuling system would doubtless require at least one more
TRTEAN URRR, #%0. :

10, jry WEX-T L _ o

Firery 9 43 a schamstic showing Uhe BPy mock-up which was set wp at 185-D.

N, wia stored at 700 pal ia the pressure botile shows. his storage bottls was lo-
cated within the (msuisted contalnsr sg shown 80 that the gas eould be aither cooled
o Wt ed. T air-oparated mesdle valve could be eperated remcisly from the eontrol
mmei. T thiz walve was cpened, the presrars in the ccntrol tube Imcreassd from x
sasall te Y50 pai ss the presswre in the storige tazk varied frem 700 psi to 350 pei.

If o valve were thea cloved the emtrol tibe pressurs remained oonstsut, Now, if
it=will i rorwa wive (o be prurad i0to the imsulatad comtainer sroird the storege |

ttin the S was 1iguified, thum refucing the 2resswre te a few millimeters of mox-
emy, ™o refws She presinze In the camirol tube the eontrol valvs was opemsd, thus

alisying the u e expaci inte the stomiis camtalimer,

As tin ms In abadrbed 1 N
wild steel sorrcuiomn sample was serraded retiar Wadly after a period

]
E
H
4
%
3
4
% 5
]
3u
i
£
]

the toIntion. A A% aluminmm coupem sypearsd ¢ be wmbaraed in the

Btainless #tesl pErts vere mot harmed,

Commircial refrigeration wits are availeble which aperate in the renge - 125 C, the :
tesno ruture At wilch X'y liquifies, vhalach could be uwtilized 1T an adapietiom of this

type of system wire 1o Ge wsed.
Tiguiss 10 throwh 1k phow the physieal layout of the xock-up_.r -l‘ﬁ.(ur. 15 shows de-
tail of the mosxle atiachments, flaring teol, ste.

Als.. A BUOGESTED JN-FIR TEST

The poinon effect of & IF, tule has be 2 detsrmined quits accurately by oalcwlatiom.
A smifsfactory mithod for controllisg ths prassure and disposing of the gas s been
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FIGURE 10
GENERAL VIEW OF BF: CONTROL EXPERIMENT APPARATUS WHICH
WAS SET UP AT 185-D,
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- ' = “FIGURE 12
A “FOXRORO PRESSURE RECORDER AND VALVE TO REMOTELY
OPERATE VALVE C, TO BE SET UP IN CONTROL ROOM,
B - INSTRUMENT PANEL WITH TWO HEISE PRESSURE GAGES., TO
__ BE LOCATED ON X-LEVEL,
D - BF; RECEIVER IN AN INSULATED CONTAINER
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FIGURE 14 _ _
VIEW SHOWING SPACE RELATIONSHIPS OF REAR NOZZLE ATTACH-
MENTS, PIGTAILS, CROSSHEADER,
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developed in tne laboratory. Cut-of~pile corrosion studies indfcaia
and ptainless steel are satisfactory meterisls of constructien for use with borom
triflvoride zas. Limited in-pile data indicete that the corrosion rate is xot ap-
Prasiably affected by the neutrom fiux, Further in-pile testing is therefore recom.
mendsd, A simpls experiment is outlined below.

that aluminum

The T-test hole st either 105~ or 105-C could be used to irradiate a small scale
varslon of the comtrol system. The Y-hole is & water-cooled facility which extends
about twelve feet into the graphite pecking., It is arranged such that it is possible
to Lusert a © """ 0,D, tube into the flux wt any time during cperaticn or wnder shut-
dowm conditions. A sketch showing the layout of the Y-hole and propogsed test apparatus
is shown in Figure 16. From the sketch it may be seen that the test mot-up ix very
simple, comsisting of a 144" 0.D. 28 sluminux tube, 18" loug, attached to an 11/16"
0.D, 23 sluminum tubde which is approximately 19 fest long., "o ths opposite end of the
11/1:5" tube & premsure gage and gas storege bottle are attached.

The sblect of the test is to:

&. Determine quantatively the in-pile corrosiom rute of Ef- om aluminum.
14

o Determine quantetively the residua) poisom effect, if afy, due to the
boron costing-out om the tiube.

So Determine quantatively the burn-out rate snd rosulting pressure increass,
h. Determime quantatively the imduced redicactivity of the irradisted ges.

To ciitain this data the following procedure may be wasd:

»
»

,;]l

1o Fabricsts the test equipmsnt. During comstructiom, flat o8
¥ith knowe surfece conditions should also be mads. t
piscod 1u the 1.kk" 0.D. section to be located im the flux. The .t
PlACod Ix the storage bottls to be loontsd cuteide of the fedct
tent is cemplete, the tube axd prearurd bottle will be out open
surfaces, The condition of the cowpous my be ccapsred at that
the relative mmount of attack at thw two lseations.

£

i
zg "i

§0ﬁ

g8
e
§57

i
3

learn
#. Affer thay equipment is Tressure testsd and chargsd vith Breq it =

Set up im the 203 test pdle and the meutram abeoiptiom of 1.kk" 0.D,
tube seciion dutermined at various prasgures from s high vacuum t

2ai.  The presuure im the system may W rsduced by freezing the gas in the
starege tank, -

gk

This step is to be repsated when the rediation lsvel is reduced suffici-

sntly affer irrsdistion. The differsnce im the neutron absorptiom with _
the saxple tube evacusted before and sfter irradiatiom will be = measure

of the nﬁomt of borom which has besn depceited om the tube wall.

L
-

A saxple of the gas is to be taken bafore irrsdiatiom. Amcther saxple
‘w11 be taken ufier the irrsdistiom to aﬁom.nc the change im comcen~
tration of the BIU isotope relative to Bll, The pressure incresse as =

- funtion of tine and flux density may be measured directly om a carefully
raifbrated Hoise pressure gage.
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k, After irrsdiation, the BF_ may te concentreted in the storage tank hy
freszing it out with 11gquid nitrogen. ERMU measurements of the induced
sctivity nay be taken at this time, A sample of the irradiated ges
may Do snalyzed om the gamua I8y spectrometer to determine accurately
which elsments present are responsible for the activity. If a high
reading is coused by impurities it mey be desirable to remove the im-
puritiss prior to irradiating the gns in future installations.

. K. Cavley _
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Pec memendat ions Approvad by:
»”
£
Supsrviser, Mechanicel Developwent
Teshnical i
PHGINKERING DEPARTHMERT
_ B ) - ; __ = %
- - _ = = _ A E
: = = = .
: =
DN _ : L=
_______ — mme T = - — s
- T - = TR
- _ = . ——
f— _ | = - —= \ . ' i - - - ;;:“‘" —
—r— T _ =

e ;1|-|u.




i

li

.

e |

sl da B allded

Ll

[}

FEPIY

b

Pl

il il

il

ﬁEGMSSiF!M

“yggrer -31- . H¥=30598

1. Nayr, G., Bruuer, K.D., and Brucer, M., "Boron Detaction in Tissues Using
tha (n’oc} Ro&ctioﬁ, E%l’mc volo II’ Xo. 10 (OO'C. 1953) P 2}.-220

@, Horst, R.L., "Corrosion Forum," Chemioal Engineering, Vol. 59, No. 5 (Mey,
1952}, p.308.

3. Huddwso: %o, Nedrn, J.8., Wilkdngon, "Ccorrosion lqurimts with Gesoous
B?o! AXRE C/R k68, Jue 1950, (wnclassified).

3, Bmdt, +Co, "Corrosion Experiments with BFs Amum- and Water," w-zc95¥,
T {SED} p. B

5. Veaser, C.A., J. AM. Chem. Boe., T3, %09 (191).
6. Vamsex, C.d., D, 70, 1209 (15&8). N ) o
7. Wiike-Dorturt, X., and Balx, @., %. mporg. gmg g&., 159, 197 (1986).
8. Ruas, I.0., Camp. rend. socad. ggi. U.R.B.8., 52, k1T (19k6),

9. ?ﬁ,)".d’., Kroeger, J.V., axd Niswwland, JA., J. An. Chem. Soc., 57, A5k
‘1935 L4

4

10. MoGrath, J.8., Stack, (.G., end McCrsher, P.A,, Inid., 66, 1863 (194h).

Al. Partingtom, J.R., "A Textbock of Incrgente Mtry ¥ 6th Xd,, Nacmillax and

l’;o., md., Lendan (19%0), ». 657.

2. mr:mro, AL, smd Map_xuo, L., _m zend., 207, 7@ (19@8). —

13. Porsonal commmication, M. lewis to W.E. Cawley, 1-26-! 9&, swmz Corrosiom
of A):ad.mn Procees Mu 8 by Boren Triflucrids.

1%, Fulin, N.W., "Production Test No. 105-%21-A, supplmt A, Irmediatiomn of
Cosmarelnl and Eariched BF,," BH-2797L, 5-5-53, (Seoret) pp. 1-3.

5. Clark, W.H., "Exposure of Samples of Production Test 105-%21.A, Supplement
A," nw-em 11-6-53, (Socm) p. 2.

5. Baumgartem, P., snd Bruns, V., Ber., ThB, 1232-6 (19k1).
17. Cawley, W.E., Perscual Notebook, EW-5216-%, p. 12.
18. Wilsom, L.A., Personal Notebook, HW-5135-T, pp. 59-60.

19. Wade, G.X., "Final Beport on Process Tube Distorticn muu for B, D, mnd F
Piles," EWH-2502k, (Secret), ¥igure 8

0. Booth, H.8., and Martin, D.R., "Boron Trifluoride and Its Derivatives,™ New

York, Joim Wiley and Som, Inc. {1949}, p. 250.

| DECLASSIFIED. <

o e gy T

-r’

[T

L~

i ge g

A D~ | IR

T




Yo e

&
4
1
3
:
H
!

I,

w bl |

BLHLTOGRAFEY

1.

2,

L

( r

- Klickeuberg, L.J. and Ketelsar, J.A.A., Beg. trav. chim., 5%, 959 (1935).
'jmn&enberq;, L.J., Cham Weskhled, 36, 23 (1937).

nrk;_ RJ-, and m’ Do’o’_
Iif.-emimco he;nlmdu,

=22

mr~_§0598

Location and
12-1-52, (Secret).

Brugze, R
Evalmticr, of Tamporary Poison Colusme,* B

R.0., "Menual of Standard Pro.-:ticet ~ Jtemr IV ~ The
a-26289,

Hutchesoa, C.A., "Physical Properties of Meterials,” Columbia
Division of War Hessarch, CGEH-2C,520,

¥omes .. . L., "Pile Folson - Procedure
Naterinls on Pile Reactivity," T7-3721

University,
for Calculating Iffect of Various
{Bearet), 3-19-k6,
Slintca, M., A.P.I. Toxical Rev., March 198, pp 3.
E.I. dwPout, French Patent B81h,839, 6-30-37.

|
%

E.I. duPont, British Pateut 499,770, 1-27-39.
E.I. duPont, British Patent 508,680, 3-21-39,

» Klinkenberg, L.J., Reg. rev. ¢him., 56, 36 (1937).

"Encyalepedie of Chemical Techna! " The
Ina., New York (19%1), Vel. 6, pp. 578-88.

Scnu, r..t., g umm J‘.l., 4. An. Chgn. Eog., 59, 965

Q-—*rs

0’.; Mc, 611 m (1939)’ _

1%, Krosger, J.¥.,

. __

3 .I. l‘ .-M Do‘j-;j_-'_!n’ Do, :o m wo’ ml, lsmo » - -
- - T . : _i
» *




