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NTRODUCTION

This report has been prepared by General Atomic Company to justify the
usage of the reserve shutdown system (RSS) in its present condition. The
report is divided into three parts: the status of the system, any effects
on the reserve shutdown system performance, and reactor performance following

a reserve shutdown system dump.



SMHARY AND CORCLUSIONS

During a puison leading conversion of the reserve shutdown system,
crystalline depcsits were found on the surfaces of several reserve shut-
down balls. An extensive inspection and analysis program was performed to
characterize the erystals, to determine the source and extent of crystal-
lization, and to determine the effect of the crysta's on both the reserve
shutdown system and the reactor itself in the event that the system is

.

activated.

The reserve shutdown balls consistc of BQC particles intermixed with

L

graphite, The specification for the materlal allows a small amount (0,15%
of B,0, to ba prasent in the balls., The analysis performed on talls taken
R
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hat approzimeraly 257 of the 8203 has bean
leached out of the balls and crystallized into harmless boric acid crystals.
Nona of the Loron carbide (S“C) has been aflected. The crystalline deposits
are containcd within the reserve shutdown hoppers either on the hoppar sur-

faces or on the ball surfaces.

The performance of the reserve shutdown system has been evzluated and
forad Lo be unaffected bv the presence of the boric 2cid crystals. There
is insulficient quantity of 8203 in the balls to cause any stabilicy nro-
blems wich this material and the balls will remain intact throughcut their
30-year life. A reserve shutdcun system dump test was rum which indlcated
no char.e in the relense capability of tha system. Laboratcry tesis were
run to ~l:iberately allow cryst.l growth between balls. Results showed
negl  hle bond strencth and all the balls s¢, rated from each other when

the experlnent tray was moved, Crystals which have Lecn deposited om the

hoppur curfaces will hove no effect on its Integrity.
fa ovaluation his be A pade on the performance of the resctor fellewd
8 rasot shvatdosm Bvelos Jaups Thne erystads eor the balls will alehox
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dehydrate and convert back to 3203 or they will vaporize and diffuse into

the surrounding graphite and then convert to 3203. Either consequence will
not cause any effect on the reactivity which would compromise safety of the

reactor core or cause degradation of the primary coolant system comwponents.

It can, thercfore, be concluded that . he leachinz out of 8203 from
the reserva shutdown balls and the subsequent crystal formation on the
bal and the hopper does not change in any way the capability of the sys-
tem Lo perform its function, nor does it compromise the safety of the

reactor in the event that the system is activated.



PART I - STATUS OF RESFRVE SHUTDOWN SYSTEM

A unusual event has been identified in the reserve shutdown system,

Part I of

this report is the investigation which has been undertaken to

describe the event, determine the environmental history of the system, and

define the cause.

1.

2.

e e

Filguse

L

Idetificutinn ¢of Urusuzl Erent

On September 19, 1975, duriag the modificaticn of the 37
contrcl rod diive assemblies to minimize the bypass of primary
cool. .t flow from the orifice valve, CRD SN-028 was being con-
verited for use in an outer core region. This conversion raguires
replacing the control rods and the raserve shutdown balls con-
tainad in the reserve shutdown system hopper. In the outer 183
core regions, reserve shutdown balls containing 40 wt % boron are
used instead of those containing 20 wt Z boron. While removing
the boron carbide balls from the reserve shutdown hopper, it was
noted that there was a deposit of white erystals on the surface
of several of the balls. The presence of the crystals did not
appear to affect the operability of the reserve shutdown syster
This was subrequently identified as an unusual event per FIV

Technical Specif! ition AC 7.6.

His

2]

tery of the Tnvirommeat in the Reserve Sheidown Hopper

The reserve shutdowr hopper 1s vented to the PCRV enviro:
ment as shown in Fip, 1.* The PCRV environment from Januar
1974 to March 1975 was described in detail ia Ref. 1.  Since the
hopper ds co. wwted to the TOW

through the vent systoen; transpoirt

o
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of the PCRV environaent into the hopper has occurred via
ordinary diffusion. Also, this transport was greatly enhanced
during periods of large pressure swings, which occurrzd during

the time period of interest,

Somet ime in January of this year, approximately 4.50 gallons
of water were inadvertently admitted into the PCRV, This was
reported in Ref. 1. Subsequent to the water ingress, water was
removed from the PCRV through the helium purification covlers
of the hzlium purification system from January 23 through February
15, During that prccess, with the moisture level in excess of
10,000 ppm, the reactor pressure was cycled between 50 and 250
psiy twice to create a pumping action in order to remove the
water fvom rhe PCRV liager i. :ulation. The reactor was then
pumped down and evacuated to less than 10 mm of Hg to complete

ar

the wvater removal. This was completed on larch 10 and the
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of the fuel and core components and ensure that the water had

been comp’etoaly remcved,

It can, therefore, be concluded that between mid-January
and March 10, 1975, the enviroument inside the reserve shutdown
hopper was eusentially the same as the PCRV. The dry helium was
replaced by helium saturated with water during the pressure oscil-
iations. Tuis saturated helium was subzequently removed during
the final PCRV evacuation and rep'aced apain with dry helium on
March 10, 1975,

The temperature of the heprer, resesr & shutdown bulls, and
the helium within the hepper is assumec to foll - the temperature
of the halivm within the PCRV sinca econsiderable bypass of hel
into the pe. ~ratiecn crea wos shown to occv. durivs starrup

testing.

vt



7 Inspecticn of Reserve Shutdown System

Upon discovery and ldeatification of the crystallization,

extensive inspection and tests were run at the reactor site. The

reserve shutdown hoppers of five separate control rod drives

(CRD) were inspected to Jdztermine the extent of crystal formation.

Table 1 1ists these CRDs and their location in the reactor prior

to renmoval,

CONTROL ROD DRIVES SELECTED FOR RESERVE SHUTDOW!
SYSTEM HOPPER INSPECTION

Control Rod Drive

Serial No.

Core Region
Prior to Removal

028
037
0
021
027

13

2
21
30
22

The fo.lowing inspections were performed on each of the

hoppers:

Control
Rod Drive

ections and Results

$3=-028 Reserve shutdovn balls were vacuumed out and a ran=-

don sample of 300 balls (650 g) was sent to San

Diego for tests. Tests were also conducted by PSC

Chenfstry which determiaed thot the erystals were

water soluble boric aeid cryctuls,

Lorle acid crystals were found

of the filler plug as s«ca In

roserve chutduws balis G0
crystals Leca-the f1t1e slug o

5}

ca the inside surface

Vi e - asbisgs 30















follow.d by heating in a furnace. At “V150°F H BOJ crystals wore

ubsequently,

v«

formed; at ~325°F HBO, crystals were formed.

crystals of liL0, were grown between adjacc 't balls. However,

2
the cerystals were sc weak the bond was broken with only the

slightec: movement of the cpecimun dish,

Another experiment was perfoimed to simulate the hopper
envivonment; its configuration is shown schematically in Fig. 6.
In this experiment, distilled H20 was vaperized at V250°F below
a bed of reserve shutdowm balls. The water saturated vapor in
the closed system condensed on the top surface (“150° to 200°F)
and dripped back onto the balls. After N30 hours the balls were
examfned and found to hav: white crystalline deposits spattered
on the surfac.3 (Fig. 7). The system was dried out by venting
to the atmosphere. The white erystals on the ball surfaces

BO, .

rcmaineq and were identified to be h3 3

This simulation experimant demonstrates t'a* boron can be
leached by water vapor frem the 8203 that is present in the balls
after manuf: tuve.

4.4, Postulated Machanisn

The cliemistry of the react’nns of interest are defis-d to
help understand the mechanism which toock place ia the reserve

shutdown hojpers batwaen mid-Januzry and March 10, 1975¢

(1) 31,0 +: ',.)3 * 21!32')3 300°F > T > 100°r%
(2) 1,0+ 8.0, -+ 26K, 600°F > T > ICO°F
(3) Hjﬂ‘ » WO, 4+ 1,0 600°F 5 T > 200



R

The qualita.ive identification of HIO, and HiYO crystals on

3

the balls and the laboratory experiments ccupleted in San Diepo

support the follewing mechanism:

(1)

(1)

(4)

Water saturated helium (100,000 ppm H,0) was introduced
into the resorve shutdown hopper throuagh the veut to reactor
coolant. As the temperature increasad, the watar vapor

leached 8203 out of the reserve shutdown balls in the form

of boric acid as shown in rezaction (1).

In the saturated environment some liquid H3BO3 settled with
liquid H20 ia the bottom of the hopper, while the vapor
permeated the entire hepper condernsing on the top and cooler

BO, .

side surfaces of the hopper and crystalliring as H3 3

H3BO3 crystels were formed on the up. er layers of the
reserve shutdcwm balls either Zror i sv, Lligquld cor ‘2asation
- 4

drippi-g frem the top im: urfaca ¢{ the hopper or from

o
@
"

s
condensationa of boric acid diractly rnto the Lalls from tlie

surrounding vapor.

As the temperature of the balls increased during the B-series

startup test to 250°F to 350°F, Ls0, was formed on the

(5]

reserve tliwutdown balls per reactions (2) and (3).

The vapor pressure of both form: of loric acid i{s vevy high
in this t crature ranpge and as tew erature incroeases,

equilibrii : would shift tovard ZTJZ formation which is con-

51 nt with the observations of tliese exp ‘imoents.
a3 the reactor coolant was dricd wvuat, e crystals remsiacd
on tha re ve shutdewn balls and the hop~or wall.
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Present Status of Reserve Shutdowm System

The characterization of the crystallization in laberatory
tests and analysaes at San Diego, which is confirmed by the
inspections performed at the reacto:- site, allovs us to unde. -
stand the present status of the 37 rescrve shutdown systens of

the FSV reactor.

It has become obvious from the inspesctions and tests that
sone of the BZOJ was leached out of the RSS balls by moisture
which was present in the hepper between January and March of this
year., It has also been deternined that the BAC has not been
affected by the molsture,

Based on the varicus analyses perfrimoed, it is estimatoed
that approximately 2 to 5 g of boron may ba present ag crystals
on balls and that annther 2 to 5 g way be depusiited as ciysials
in the hopper. Tha upper limit of boron present as boric acid
crystals in any one hepper is estimated to be 15 g boron, The

total amount of B0, estimated to be in a single hecyper is 60 g,

3
Therefore, it can be concluded that approximatecly 25% of the

8203 has been leached out of the balls and crystallized into
boric acid crvetals eonto the surfaces of the hopper and tha

balls.



PART I1 - PLRFORMANCE OF RESERVE SHUIDC ¢ SYSTIM

Part 1 of this report presented the results of an extensive investiga-
tion to determine the present status of the reserve si .tdown system. In
summary, it was concluded that because of moisture ingress into the
teserve shutdown hopper, 3203 was partially leached cut of the boronated
graphite balls and that the resultant boric ac’ ) condensed onto cool
surfaces of the hopper forming boric acid crystals. Part II of this
report will show that this unusual event will havs no effect on the

performance of the rescrve shutdown system.

Since Lhe reserve ch (down system i3 a pasg "y systemn during normal
ope ation, It must be determined that this unusual event will have no
gcfest on aegative Pealliviiy wullli or Che wedhenical pet formance of che
cysten over its entire lifetime., The system must be ready to perforn its
function at any time during its lifetime.

-

1. Negativa Reactivity Worth of Reserve Shutdowr Svatem

The majority of b. -on in the Lalls (>99%) is precsent as
nac, and the quantitative analysis confirmed that this naterial
was not al’ccted; very little of the boron has been removed from
the balls, The reactivity worth of the resarva she Zlown naterdial
vas calculated on the basis of the BQC present and thus the
reactivity worth bas not changed. The winlmm bhoton luading In

any Lopper i 5430 g and with thie heavy boron loadin:, tho

2
reseeve shutdown et s neutruafesily black ta ihers-1
neutron: 1t vouls requ’ -2 greater then a 10% lois of boron to
chanpe the veactiviey worill of  th . fo  ve ulnitdhem sratom by
Vo of 4 prosert worti.  ™iovef ¢y AT O BNG rons LEVT L et o ]
t tede iticii, 0o C’I.u'l,,t‘. toas QECAENTG .
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Long=Term Behavior of Reserve Shutrdivn Miterial

Under normal operating conditions, the reserve shutdown
material, boronated graphite b.lls, 1s stored in hoppers located
in the control rod drive assembly. The balls romain stored,
ready for use at any time, during the recctor's 30 year lifctime.
The long-term behavior of this material, even with erystallization
of 8203. will not affect the system's capability of performing

its design function if and when needed.

Over the long term, while the material is in the hopper,
99.85% is in the form of graphite and boron carbide (nac) aud
0.15% is in the form of boron oxide or boric acid crystals. In
a water saturated environment, the BAC verainsg unaffected below
6C0°F (Ref. 1). The material in the Zocm of 3203 will remain in
its present form at the e.pectaed operating condirions., If mois-
tute leveis were to exceed 10UV ppn, ~ddicicnal 3203 might be
converted to boric acid crystals. The existing boric ac'd CTY s~
tals will be alfected by temperatures above 300°F, changing from

H3BO3 to nwoz as water is driven off by the temperature increase.

Crystal formation cor changes in chemical form of these
ervstals will not result in bonding of balls. Crystals grown
in the laboratory tests between balls had such negligible bond
strengl'. that all balls broke apart wihen the experiment tray
was moved. Turther exo Ina:r on at PSC indicates that no
brid;lng was caused by aay erystal formstion on the balla., Tha
quantity of 8203 (0.15 vt % average) 19 insufficlent to produce

il

massive erysiel grouth botwaan tha Taulls,

In sumrary, only the B ,03 or the boric acld eryst. 'a can

-

be affected over the loane term *°F temps cabtgrd ondl molstive lovels
dllvw farthey ehanges L hese wneclidse . The tatal grnantite ol
15



these materials was limited during man Jacture through
specificotions to a small amount. It is therefore concluded
that the behavior of the reserve shutdown marcrial over the

long term will be entirely satislactory.

Effect of Crystal Growth on Reserve Shutdown System Components

The reserve shutdown systen: consists of a carbon steel
tank 6 in. in diameter and 8 ft long, a carbon steel plug at
the top end, and a graphite rupture disk 't the bottom end.
Two separste 3/8-in. lines are connected to 20° elbows at the
bottom of the tank above the rupture disk. One line is used
for pressurization of tha tank during reserve shutdown initiatien.

The other is a vent to the PCRV environmernt. Both lines are

approximately 15 ft long extentling up to the primary closure of
tie Clib. O wwucesn is whether the bovds ocid cither in tha

form of crystals or as a liquid would have an adwerse effecct on

thewa stral components.

Between mid=January and March 10, 1975 the boric acid vapor
could have been condenscd on the steel to a soluble @ol tion of
boric acid and water or deposition of thaese crystals could have
been by a dry transport process. Boric acid crystals in the
absence of vater are no. corrosive to steel. In the presen o of
warar it iz mildly ccgrosive und could causze nezligible surfaca

pitting.

o

Pasts coendvoted at GA San Diego confirzmed the pitting muode

o

of attick. They als rewvealad thot wet erystils or a sclution of

'

bor "¢ acid raazted with the stegl a5 evidenced vy tha brizht

. . v 5 :
wance celor pr luced dinthe vorrodunts At 3V only wiiicc
v : ; :

ey tatla vore removed  from o hopper, which sgunests that the

1 1 - » - v L
Caporition of ETystdls Wi i U procds.  TLraniai=

thinm ‘e = tha happor il wel ddxnd YT eatveratior of (e

1o
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stecly hence, coirosion of the stecl apparcatly did not oceur,
However, even if some pitting had occurred, the walls of these
hoppers are approximately 0,200 in. thick. Th: ASML Pressure
Veusel Code only regulres a 0.090-in, wall for the pressure
rating of the conta ner; therefore, it is concluded that, even
if the surfaces were wetted‘with boric acid selution, the
resultant corrosion would have a negligible effect on the

serviceability of the hopper.

T ———



PART III = PERVORMANCE OF REACTOR FYOLLOWING RESERVE SRHUTDOWS
SYSTEM DUMP

Part I1 of this report concluded that the reserve shutdown systems
would function as designed if and when needed. Part ITI assumes a dump
of the reserve shutdown hoppers into the reactor core. The conscquences
of having boric acid crystals as part of the rescrve shutdown material
have been evaluated since these crystals eithrf as loose material or
bonded to the reserve shutdown balle will also be dumped into the core.
Ihe behavior of the material im the core, its removal from the core, and
the effect f residual macerial on reactor components and core veacti- ity

have all been evaluated,

( 5 Behavior of Rescrve Shurdowm Material in Core

i Normally, following a dump of the reserve chutdown systen,
the balls are vacuumed out and returned to the hoppers. The
vacuum syster is designed to remove all these balls from a
reserve shutdown channel. In the present situation, as described
in Part I, it has been estimated that 125 of the reserve shutdovn
balls have boric acid crystals on thair surfaces. The behavior
of these crystals while in the reactor rore is considared In

this section.

1.1, Experintal Tests

A series f teses hiave been performed at CA to daternine the
behavior of tie RSS balls in the reac or core at different
temperatures. The experimental procedure and a detall report on

the tests is preseated in Rel. 2. A summary of tie luportint

18
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test results is as follows:

(') All balls were visibly clean after the amnecls showing

ihat the surface erystals had vaporized,

(2) The balle with crystalline deposits releascd twice as much
toron as the clean balls, indicating some degreec of

&
erystalization within the ball.
(3) The boron relcased was not temperature dependant,

(4) Most of the boron which was releaged {rom the ball: was
then absorbed by the graphite crucible used in the test.
The total averaze bLoroa ¢ asneporiing was 5.57 of the

leachable boron.

™
in
N,
3
o4

trim warstdona dnvalusd whoen H?"i‘ ie heatad in a

(a) Vapovization: HBOZ (exrystals) ~» K:Oz (gas)

(s0lid) + H.O

(b) Dehydration: ZJBOZ (crystals or gas) = an 2

3

Reaction (&) accounts fur the removal of the crystals off
the surface of the balls, wherers wcaction (b) is cccur:’'ag

both wit'.’a the ball and within the surrouading graphite,

1.2, PFPredicted Dohuvior ia Reactor

Folluving a reserve shutdown syston dump, ths boronsted

prapuite ball - drop tirough a guide wule vhich o Insert.l inte
the top lLavor of the cov:., The balle (onilnus down a klin.

prapadien Cmmunel maehined i the eontral swod fuel and relflcvice

uond Lby of suisiuefacs ook his Bers e d from thise
15 B, owhich i i epe P lor B on 0 h Vary e
5 ‘
1t 3 V5 Ve



elements eventually filling it., As ¢ rermined eirlier, approxi=

mately 12Z of the be 's have a crystalline deposit of HBHO“ or
=4

HBO, on their surfaces. e remaining balls have some subcurflace
HEO,, or ﬂjBOB. The temperature in th: core will eventually

{ he
of Jhe H3803

volatilize and diffuse into the graphite, while some of the sub-

convert a'! to HBO,. All of the surface HBO, will
surface 11BO, will volatilize and the remainder will be converted
back to BﬂOJ and remain in the ball. The rate of this process is
temperature dependent and at lower temperatures move of the Hiv,
-

will remain cn the surface or in the subsurface of the ball,

Any loose boric asl' crystals in.the hepper will also ba
dumped into the core and the sase reactions would occur to this
materisl., In the event thact the tempcrature is not sufficioently
high and these crystals are uot completely vacuused out, then
they eveitually volatilize as the renctor temperature is increased
and GlIfuse Luww tie Bidpiiles

The consequencas of this bor.a traasport from the RSS bLalls

to the core graphite is discussad in Sections 2 and 3.

1.3, Stezn Distillutlon of Boron

3 left in the v - adetne ccre aflter

drvopping the balls vwould remain fixed votil a steam ingress event

In the reacter, auy D,0

occurred (In vhich case the reacter wou.d be shut dowa). At )
terperssares below about 450°C, the water vapor would convert the

320] to H:}O2 and slowly volarilize the boron [rom the corz. T-u

Lorun would ter. to condens: au RO, or H.BO, on cooler svvfaces
- w! J

in the eircueic,

The zate of such - cem wnlacization liag ledy majsurcl in
gome oaivly ocriagats af GA« I8 those B <08 bukars¥ urafilte

citeng | 2 Elﬂ 4 ) i 4 | o G | o) Lads

om0 pilgiinsed 3t theed Lanier ros This, Prowidlsd Wil st dnts
et - ! ’ ‘. ‘.




L aw 4y “~ 1 TRE AT el o - e (D ATTY (i3 4 1Yy
STEAM DISTILLATION OF poronta) FROM BORATED GRAPHIT

H,O
Temperature 2
- Pressure Boron Disti1led '
s T— °F (atm) (% Leachable s/hr‘(L'
260 500 0.03 1.5
0.30 g . |
179 30 0.03 0.4
121 230 0.072 0.1
€
w3 ] % - N - o { - 1
volatile bori ecies is eitlier HbO, or H, LU..
- - - |
b)., . - . g 2 A
( Spezimens ve chunks, 235 to 50 g each coutaiaing 100 to
1000 ppm leachable boron (8,0.).

(c)

-

The rates given are initial rates. The boron rolease was

- > IR - L v B
found ro be dependent on Veime which s st a Ciffusion controlled

ey A
proce: .. Thus, at lonjer times the fractional

decreasc,

release rates woul!



The results in Tuble 3 show that the process of steam
distillocien of volatile boron from graphite is relatively slow,
Depending on the temperature, geometry, and steam congentration,
times of 100 to 1600 hr would be required for 1007 removal of

leachable boron from ; -uphite materials.,

These long times indicate that no sudden boron loss could

oceur during a steam leak. In addition HBEC, caurnt be distilled

at temperatures above about 400°C,

Reactivity Behavior of Cor~ PFollowinz Rascrve Shuidown Mocarial

Remova il

:

The experimental 1osults rejorted in Sectien 1 and discussed
in detail in Ref. 2 show that not more than 5.5% of the boron
leaclied from the balls will be absourbed by the core graphite
whoen the reserve shutdown system is activated into a hot core.

LI we conservatively assume the entire 60 g o. presentlv leachable
boror per hopper is available at the time the reserve shutdown
systenm is activated, then che total boron that ean be distributed
into the core is 122 g. 7hias represents a maxinum core reactivity
decrease of only 0,003 Ak which can be compzn ated by a control
rod proup awdjustment of & proxinately 1 /'t of control rud group
2B, and which will disappear by ncut on capture duriag sohsequent
reactor operation. Unier some sul equent "i:h moisture condition
in the priw loop, it is peasi- o that thie boren cou'!’ he

1 ched from the cerc; lowever, this would be a slow procexs and

.

the effect on reactor operation could apala be componsa: o4 by a

swill control rod adjut went,
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; The presence of some boric exide crystals remaining in
the reserve shutdown wwoles of the core aftor removal of the

balls by vacuuming will represer’ a reuctivity chunge considerablv

less than the 0,003 Ak discussed above and will have 4 negligible
: effect on cure reactivity. Volatization o' these crystuals and

| rapid Lurnup (by neutron capture) of this residu.l boron would
occur upen subsequent power operation and any effect on reactor

| operation will be negligible, In the FEAR, Section 3.8.3.3, it
is stated that the effect on reactor operation of even a few

- of the balls remainiang in the core would be small,

: JA Effect on Reactor !‘aterials

The experimental results of Section 1 (Part IIL) indica=-
ted that most of the beron velatiliized fr..u the balls vould
be abeirbed by the core graphite. If, howvevar, some of the
ﬁ»&z would dilfuse Choough the graphice, 1t could enter theé
heliu: ceolant {low. In the hot coolant it would evenzually
dehy. rate to 8203 and be depositzl on other reastor componcnt

surfaces.

The  uantity cof u203 which corld cantir the coolant would be
extremel” email., However, assuming thet it was present, the
anj could ba raconverted to beric acid following a moisture
ingress. Luaeraelore, the effect of boric aci’ on various

roactor moterials has been consldarad.

30!. :-F“"\'t o NonmegatY?

s ——

ta

Thars will be no detrisieneal 7 fects o £ ulumiz/eitic
5 eereales (such as Macroek, Conrsralumina, =iifen

£iber: Kpowoonl ik ) s a rewle -of 5 et vion drieh borie

ok add iR - we - PPN TS . o St - . 4
a¢id storaigtor what fown ¢ ¥ ' SRS S T TS0 )% gl AL SORE R )

e

rl—l——-l R T T ap .

reE T Baluimmumd s T ramns memstrbis isnat Sl mneemmr e | Sl 1 rebl wd e P Ny R Ty I T N T e NN E eSS RS M T — R a——— i L Sanlh o e B b s Sl



— "E— e e e i e o e @
T e R—

T Emr———

temperatures, boric acid erystals will lose water of hydration
to form boric oxido, Bqﬂj. which daes not interast with the

ceramics in cither the sclid cr molten state.

In regard to the latter, it should be notcd thar alumina
is not particularly soluble in molten boric oxide, and theva
is no satistactory evidence for the existence of aluminum
borate, Therefore, there wil be no probiems in the eveat
boric oxide comes in coatact with alumina at the operating
temperature of FSV.

As with alumina, silica will not react with boric oxide

since silica is inscluble or only slightly soluble in fus A4

baric oxide (Nef. 3). In a short euperimeat, mol’en boric oxide
was heuted in a witrrous-silica vessel without any wvisicle
affurts an the =ilisa Phaee Ajanramg (Raf LY Ao ane el any
compounds for the pre-ance of smull quantities of boric on'le

in silica at upwarls of 14C0°C (2550°X), Howvover,; wvhen silica

is in the pre=ence of larje quantities of othe- oxides such as
barium or calcium, lowcr melting compounds are formed., This

is not a problem in TSV since the concentration of these oxides

Ls very low compired to the amount of silica.

3.2, Fffect on ke, tonr YVapala

Dorie acid solutions ave weakly acldie with a pil of about €;
as such ir 45 enly sii:Litly corrosive to th - comson net.ls usaed
for reactor components., ric acia does nol ceack witn sitver

whish ig wsad in Che cifcolator asals. Porte pefdiervaials In

Cig presence of galey and exyper may prodiace . o mlld forn of
pitting corvosion ie carbon cwenl,  In the & G ot Wi
Catsh In el lun eagircomenty ereresion b oithee X TP,
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INSPLECTION REVCRT FROM RT-251 (RSD HOPPER AND BALLS
FROM CRD 8/N 027 - RECI N 22) R. J. NIRSCHL (OCTOBER 4, 1275)

Purpose: To demonstrate that the preseance of boric acid crystals (HBO2
and HJBO?) inside the RSD hopper did not affect its operability.
-

Description: Details ¢f the test description are given in R7-351. The

CRD selccted for the test contained boron graphite balls with 40 wt %

boron and a 9/16-in., 0.D., Three CRDs used in the outer core regions had
been inspecicd visually prior to the test. All three showed ~Sout equal
crystallive formation on the top and side surface of the hopper, indicating
that it made no differcnc. which CRD was us>! in the test. An outer CRD
assembly wos selected becouse of the higher weight percent boron conte t

Aiometer bnlle The largsy diamstor balls would have a

and 1aroer
g

greater tendcncy to bond and bridge.

Inspection Restlts: The test was performed with no unusual occurrence,

e — — — . - ——

Foll wing the test, both the hopper and balls were ir:pected visually.
The top and Lottom of the hopper were inspect.d with a flashilight and

mirror.

RED hopper
) P No traces o: crystals were found on the bottom end. Apparently

any crystals there had beecn blown into the test receptacle.

2, The only crystall’ne formatlun preser . in the hos 2r w. en the
top and side surface nesr the tep., The crystalline deposirs on
the filler pli; and the top surface wus essentlally the same a:

it was prior to the test, ¥ asonal o cstiate ¢ uld bo il

on Lhe ynantity of crysty:,

-







