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A RBACTCR CONTROL SYSTEM UTILIZING BORON TRIFLUCRIDE GAS
¥, E. Cawlays

IHTRODUCTION

A simple reactor com.rol system which utilises Boron Triflnroide gas as
the neutran ebsorber has been installed on the Hanford 305 test reactor.
It is the purpose of this paper to describe this control system ag well
as to indicate how a control system of this typs could be applied to other

research reactors such as the Materials Testing Reactor at the National
Bsactor Testing Station,

The principle of this type of reactor control is quite simple. If BFy
gas is introduced into & tube located within the neutron flux, scne of
the neutrons w1l be absorbed by the Boron (B1C isotope) in the The
mmber of newtrons absorbed will be a function of the number of atoms
present in the flux which is proportional to the pressure exertsd upon
the gas. Thus by varying the gas pressure, the macroscepic abscoxplion
eross section of the gas in the control may be changed.

Flg\iz*e I shows a general view of the 305 Reactor. It is an uncooled.
graphite mederated, natural uranium reactor. The normal power level
sbtained doring operation is six watts. The reactor is used to determine

- the amouwnt of reactivity which will be absorbed by & given amount.of
material,

s glevated platform in the foreground contains a graphite tx:ua uhich
is used bo support the test spacimens. The platform helghd may
mnatad bp aix powsr-driven screws. This makes it posubla ﬁte ¢

the g train and test pieces in any one of the availygbla tast h
on the faes of the unit.,

The control rod and the shim rod enter the test reactor from the far
side, A vertical safety rod is also provided. Any one of these rods
is capabla of shutting the reactor down,

¥% is interesting to nots that, since this reactor is not sealed from
tr2 atmosgphere, any veriation in the ambient presaure will have a
relatively large effect on the reactivity available. The atmespheric o
pressure is therefore recorded periodically during the tims the reactor
is operating so that corrections may be made to compensate for any change.

For routins tests, a graphite train containing materdial of known nuclear
purity is charged into the reactor core. The shim rod is withdrawn to a
rogition such that, after the vertical rod 1s withdrawn, the control rod

will be withdravn roughly one-hundred inches bafore the reactor goes
critical,

.8, Reactor Oparations Engineer, CGeneral EBlesctric Company,
Hanford Atomic Products R
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The position ¢f irhe contrcl and shi= rods is then rscorded t¢ the rearest
one~thousands cf an inch and tha “arometer pressure is measured, Afier the
graphite train bearing %22 material cf known rurity is removed from the core
of the reactor, the material tc be tested is placed in a similar train and
charged, ’

The difference in tke £ingl cosition
neted. By medans of a rod calibration curve, the dif-
ference in the reactivity absorbed by the kncwn and uwnknown sszples asy be

determined. This reactivity determination may be made with an accwracy of
¢ -002 inhours. .

The rods are again positicnad zarefully. The
of the control raod is.

BORON TRIFLUCRIDE CONTROL SYSTEM - 305 TEST REACT(R

The 305 Reactor orerates at ¥very 1o« power, and has a negative metal, graphite
and temperature coefficient, It was therefore considered to be an idaal
reactor for aprliication ef 3 BF; conirol systez. Figure 2 is a schematic
sketch which siows the compeaents of the system.{i) The control tube & is
located within the graphite core, This tube is connected to the bellows B
which is mounted ocutside of the consrete shisld. The gas preasure in this
ceepletely closed gystem mey he regnlsted by means of a precision linag:
actuator which is attached tc the ballows.

The control tube was mads from a threc~sights inch dismeter aluminum tube.
The small tube connecting the control tudbe to the bellows is also made of
aluminum,. ¥hen the volime of sysien, the desired pressure range and the
travel of the linear actuator were detarmined, it was a simple mattar to
calculate the size of tihe belicws required.

The rsactivity effect of the BF3; control system was determined in much the
same manner as tre test specimens except that the effect was determimsé -at -
various pressuresso that a calibtretion curve could be made. It was found

that over the narrow pressure range used in thig application, the calibration
curve 1s essentislly linear. Ia%ter recalibrations indicated that ne measur-
able change in control streangth of ihe BF3 gas had cocurred.

There is,of course, a continuous bern-out of the B1O isotope while the
reactor is opereting., However, as the low fluox density used in this reactor,

it was calculated that the change in control strength dwe to this cames would
be negligible.

If this type of control were to be used in ressarch reacto; having & much
nigrer flux, such as the Naterials Test Reactor at 4rco, or the Brockhaven
Graphite Reactor, the problem of B0 {:ctops depletion would become a signifi-
cant factor as will be discussed in the socticn on B0 burn-out.

NICIEAR PROPERTIES OF BF3

Ahen a nealron strikes & Boron atom, the following reaction(?2) takes rizce:
310 nl Bu
5 9 > 5 93%
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¥hen the Boron is in the form of 3101!3 , it 1s expected that the following will
ocour:

&
%
o
4

o B3 * ELIN . P e (3) + me* 4 117

Assuming the lithium combines chemically with e flderine atom and the other
fluorine atoms remain in the gaseocus state; there will then be three mols

(117, He, F2) vhere there was ome BF3 mol originally.

¥he rate at which an element is transmuted by irrediation is descxrided by
the differential egquation:

dn' -
T x¢ 0a

. ¢ v :
integrating, ve gets qf 2. . . f a &t

;m,t!*q: =Y~ fae 2. @0a (t-ty)
et t»0; ¥ZNo |

In¥e In KMy » -O'E¢t“¢a_£t
Therefore gln BN, % - o

 Using 13&! relation, it is a simple matter to determine the rate

e 319 isutope would be depleted if a ssaled tube. adning i
ixgide, say, the reactor task of the Neterials Test Retctor. Ihs
s %his position is 2 x 10 13 nfen®/sec. Figure 3 1 % Rlot of b
s function of time., The oaloulaticn sssumes thare is no ressrvw @i
syetan.

For each Ky molecule struck, there will be three moleaulss fopmad., The Li¥F"
is expected to be a selid. It will therefere increass the pressure a
segligible amcunt, The Helium and Py will doubtiess be. gasecus. Yhus, h
effsctively, there are twe mols of ghs formed for skakh mal dastraywd. PFigwe
3 shovs the resulting pressure incrsase as & fenstion of thme. Puon these Two .
sample gsarves, it will We noted that if & glven pressure is to o anintedned e
mnnmbyummmmwuthomtﬁﬂn,mcmml ‘
value of the tude dearanses not only as & result af sdonk hekag Duraed-
out but %lso bdecauss soms B0 will ds resmoved by biesdimg. s fastor muet
be considered in the dasign of & control spebem. It imdiontes that it is

probably mors dasirable to use on-off valves yedher then pressure regulators .
+o control the prédsure. '
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CONTROL STRENGTH OF A BF,

If a tube containing BY3 were placed in the center of the reacior tamk of the
Materials Testing Beact.or , for instance, the reactivity effect would be as
shown in Pigure 5, It vwill be noted that the change in reactivity is mot a
linear function of pressure. The reason for this non-linearity will be made
clear by exsnination of the equation.

ar v en. (Bumy:

The mcréscepic 0xo8s section, Za varies directly with pressure increase dut
. 4he locel flux density is reduced 28 the contrel strength incresses, The
curve becomes asympitotic at 100 per cent blackness.

'thetomp ssure axerted by the gas will increase as a function of the
amber of BLC stoms which are sivuck by neutrons, Thuwe as the "bleckumss”
or control strenath is reduced, the pressure incresses. To deterikine the
actual control stxrength, some measuremsnt Fesides pressure must be medn.

8ince control strength is dirocily proportional to Blo cencentration, it
would be most desirable to measure this valus diresctly. Figure % is a

schematic of the apparatus which may De used to monitor the B0 concentre-
tion present in BF, at any time.

An experiment was performed to determine the feasibility of making this W :
of meagurement. A small capsule of radium~berylliium was used to supply the ‘
meatrons in this experimeat. smotmmmwmm
mawzmm They then peased intd = clumder sunmmcied Lnenlly to -

3P ocemtrol tubs. Ammmm.mmmnamug
mmmwamummamwmm ks m
csntration vas dseressed, the mwmber of msuwtaroas wideh were adlowed
through the chandexr lncreased. B;esmit&ﬁw&%mwhw
Wy varying the strength of the soures, changing the wvelmne of the preamwes
vessel, bymiu%thi@sswmmmﬂwwmm

mmcommmm

Zxtreme carc must Bo exorcised in the seleaticn of pressurs cantrol egtpmeit,
73 bardens both syathetic and natural rwbder awh attashs all plastics emowpt
those with a2 fluorins dsse such 83 teflon. Sevaral aeieds sweh &5 bGreaw
should De avolded if there is a possidility of e gas wwer centaining mudis-
ture, If two or three-vay solencid valves are o bs weed, they must give »
dsad~-tight shut-off, otherwise the baron cunceairetion will vary with time.

NFCERBSIFIED
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CHEMICAL FROPERTIES COF BF13
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" Dry Boron Trifluoride(3) does not attack aluminum, steel, brass, or any
other of the usual materials uged for construction of pressure vessels and
valves. when boron trifluoride is passed into water, it is hydrolyzed and
several acidic eccmpounds may be formed. The formation of specific com-
pounds is a functien of the kinetics involved, for the first reaction

products may, in time, be solvated, Xnown reactions with available equili-
brium constants appear in Table I,

#
£
<

14

The solubility(l) of boren trifluaride in water is of the same magnitude
as that of ammonia in water. At Of under an external presswre of 762 mam.,
one milliliter of water absorbs 1057 milliliters of boron trifluoride.

At room temperature, the ratio of absorption is 1:700. This very high
“solubility suggests solvation of the gaseous solute. '

INDUCED RADIOACTIVITY

A typlecal sample of commercial BF3 contains the following constituents:

gﬁé - 96.2 %
L -  2.39%
50,
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ATR -~ 0.42%

Caleulations to determine ths induced rediocactivity to be expected in
commercial BFj after one; two and three months exposure in a reactor were
made, The caiculations agsumad that the sample was contained in a pres-
sure vessel with one cubic foot of volume &t 360 psig pressure., The

maximum calculated activity at a distance of one foot from dhe contat
was L.l x 10-3 MR/Hr due to gamma, There are, no doubt, smell traces of
other impurities in the gas which will increase the activity.

It would not be desirabls to allow the spent gas to escape freely i.mlw .
the atmosphere for two reaseng:

1, Afver irradiation, it would be tly rediocective, '

2. Bven diluted concentratims Qf"ge{?.n the atmoaphmye will
cause irritation of the skin sand throat., There has been
no noticesble physical damage to workers emplayed in the
chemical processing plants which produce B3, hiowever,

Figure 6 is a schematic drawing of a method of disposing of the gas after .«
irradiation by absorbing it in water,

The gas passes through & bubbler, paght a check valve amd is absorbed by

the recirculating water at the throst of the aspirater, The affinity of

water for BF3 is such that a large quantity of BF3 may be absarbed by a

gmall volume of water. The rinal mixture, of course s 18 Beidic, Mila

steel coupons exposed to this mixbure were attacked quite severely. The

stainless steel components wers unha »
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CHOICE OF CONTROL SYSTEM FOR A PARTICUIAR APPLICATION

I+ is cbvious that a gaseous control system would be much less expensive than
a system using control rods. Also, very fine reactivity control may be obtained
by use of the gas control if the system is carefully deslgned.

-~

Ths danger of leakage of the gas may be minimized by pericdically pressure
testing the control system while the reactor is not operating, However, the
possibility of loss of pressure is always present.

Because of this possibility, a fast acting, dependable safety system would
be required if this type of control were to be applied to a reactor which is .
to operate at a significant power level and which is not inherently fail-safe,

In the event that the characteristics of the reactor are such that a failure
of the normal control system would be disastrous; the gaseous type of control t
system would not appear to be applicable.
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NOMENCIATURE
Ga Absorption Cross Section in Barms,
b Macroscopic Cross Section,
¢ Flux Density.
c Experimentally Determined Constant.
Ak Change In Reactivity.
P Pressure At Any Time,
Pq Pressure At t = o,
N - Number Of Atoms Of An Element Present At Any Time.
No Number Of Atoms Of An Element Present At t = o,

. e - N & Y, e,
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TABIE I
REACTIONS IN THE SYSTEM BORON TRIFLUORIDE-WATER

le BFy # HyO w=mBF3. H,0 [ HBF30H

24 HBF30H # Hp0~=- HF £ HBF(CH), Yoquil = 1.1 x 1072 at 25 ¢
3. HBP3H o HF_3AQN HEF) # H,0

we HBFj 4 JHp0 & K380y £ LHF

S5e HBF) 4 Hp0 5= HF /£ HBF30H ¥aquil = 2,3 x 10~3 at 25 ¢
€ EF3 4 2,0 wm- BFy. 2,0 ==l 04 ] Bl up L HBF; (0H) 2

To 3(BF3.2H;0) @ HBFp(OH), 4 HF42BF,LH,0

R 6m2(08‘)g'¢ LBF3 £ B0y £ SH 0

9« HBFp(0H)) o 2HpO 2= 2HF £ H3B0,

104 LBF3 o 3H0 === 3HBF), £ H3BO,

11, H3B0; # HF 488k Hpp (o),

12, HBF(OH)3 4 3HF S48 HBF), 4 3H,0

13, H3804 # 3HF g2 HBF30H % 2H0

ke 2BF3 # 3Hy0 4 HyBO; S 3HBF,(OK),

FRET T A

&8 Fae ain

For the over-all reaction of boron trifluoride and water, the

equi%.ibrium constant k(liters/mole-min,) = &,k x 10-2 & 7,38 (8L),
at 25 C,.

ke s, iR i B e B T B s s L




Figure 2

Figure 2

Figure 3

Figure L

Figure 5
Flgue 6

-

}

: HED. o347

Ocnoral View 0F The Har” . .nd 305 Tast Reactor,

Schematic Drawing Of The BF, Control System Designed For Use On
The 3CS Test Reactor.

Carves Showing B1O Isotope Depletion and Gas Pressure Increase
As A FPmnction Of Timse,

Curve 3howing Contrel Strength As A Fwction Of BFy Gas Pressure.

Schematic Of The B1O Isotope Monitor.

Schematic Of Bquipment For Safs Disposal Or BF; Gas.
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