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ASSTRACT

Tkre lr4SRE first attained. critteality on June 1, l965 witn a 23VJ

eoncentration withln I$ of the pred.icted. value. Initial critical con-
d.itions were l-l8loF, fuel cireulation stopped., one control rod. inserted.
0.01 of its worth and 55.4 tcg of 25su in the loop (plus l+.2 kg in a
drain tank). Subsequently the reactor r4ras hefa at'tZOO'l' while the
235UF4 eoncentration rae,s increased. by the ad.d.ition of T9 enriching cap-
sul-es contalning 6.6 kg 23sU. Drring these ad.d.ltions, experiments roere
done to measure rod sensitivity and. total- worth, 25sU concentration coef-
fieient of reaetivity, temperature coefficient, pressure coefficient, and
effect Of cireulation on reactlvity. Qynamies experiments gave inforrnation
on system transfer f\rnetions and. separated. prompt (fuef) and. d.elayed.
(graphite) temperature coefficients. Nuc1ear power was restrieted. to a
nominal 10 watts, except during transients, when l-O kw was perrnitted.. Ttre
experiment was eoncfud.ed. on July J and the sal-t was drained. to perrnit
preparations for high-power operation.

ftrere vere no meehanical d.ifficul-ties of any consequence during the
experiment. SaIt analyses shor,red. praetieally no eorrosion. Analysis of
the reaetor physics clata, although incomplete, has shornrn that al-I the
observed. parameters are in good. agreement with pred.icted. values.

NOTICE

This document contoins informotion of o preliminory noture ond wos prepored
primorily for internol use ot the Ook Ridge No?ionol Loborofory. lt is subiect
?o revision or corrsction ond therefore does not represent o finol report. The
inf ormotion is not to be obstrocted, repr inted or otherwi se g iven pub I ic d i s-
scminotion without the opprovol of the ORNL potent bronch, Legol ond Infor-
mot ion Control Deportment.
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kehminary testing of the Molten SaJ-t Reaetor Ertrreriment began in
the fall of 1954. The salt systems were heated to 12OO.F, purged with
helium to remove moisture, and,66 LiF-34 SeFe sal-t was eharged. into the

fuel and. coolant systems. Salt was ei:reulated. for 1OOO hr in the fuel
system and 1200 hr ln the eool-ant system as most of the non-nucl-ear test-
ing .r,r,As eonpleted.. TLris n:n, d.esignated. FC-l, was conel-ud.ed. in March,

1965.

In the shutd.own after K-1, final preparations were mad"e for "zero-
power" nucl-ear operation. Tlrese ineluded. instal-lation of the sampler-

enrieher, completion of the nuelear instrumentation and. controls, and

operator examinations and. certification.
fhe salt which had been cireulated. through the fUel system T,,iras pro-

cessed. to remove oxide, then was isolated in the fl-ush-salt tank for
ftrture use. Ttre basie fuel- salt, lacking only the enriched. uranir:m to
bring it to the final composition, was eharged. into a d.rain tank. Ttre

fuel gystem lras heated. and this "carrier" salt vas cireulated" for 10 days

in Run PC-2. Analysis of the salt showed. no abnorrnalities, all equipment

operated. weI1, and. all- was in read.iness for the nuel-ear experiments.
Addition of z3sIIFa-LiF to the salt began on May 24, and on June I

eritieality ruas first attained.. Following this experiment, more 23stJ r,es

ad.d.ed. to bring the concentration up to the }evel required. for power opera-
tlon. lflrile the extra 235U *"s being ad.d.ed., enperi.ments rarere d.one to
measure the nuclear charaeteristics of the system. Ttris series of experi-
ments was completed. on JuIy J, the fuel sal-t was drained. and. the system

was fIushed., conelud.ing Rr:n 3.
This report descrlbes the prel-iminary find.ings of the nuelear experi-

ments, the eheraical- behavior of the fuel sal.t and. the performance of the
meehanical components. ;

Final preparations for high-power operation are presently being mad.e.

These inelude inspeetion, maintenanee, instarlation of shield.ing, and

sealing and. testing the eontainnent.

Y
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NTJCTEAR EXPER]MENTS

fnitial Critical- Load.ing

TLre purpose of this e:rperiment va,s to provid.e a check on the caleu-

lations of critieal- concentration under the simplest cond.itions: the core

isothe:maI, rod.s fully withdrar"m, and. the fueJ- stationary. It also served.

to establish the basepotnt from whieh the 23sU ad.d"itions neeessary to

reach the operating eoncentration could. be matie with conficlenee.

ftre fuel salt composition speclfied. for pover operation is
6j Ltp-zg.Z 3r}Fz-5 ZrFa-o.B ul'n (expressed as mofar percentages). TLre

total uranium eontent is eonsiderably above the minlmum required for
eritteality if highl-y enriched uranium were used., and vas chosen for
reasons of chemistry.

Ttre eritical 23sU eoncentration lras pred.ieted. by calculations using

a ng1tl-group, one-d,imensional d.iffusion eod.e, MODRIC, with thermal-group

cross sections obtained. from eel-l cal-eulations by the fHffiMOS eod-e and.

fast-group eross sections cafculated. by GAIr{- 2.r12 Ttre geometrical approxi-

mations were ehecked" by using a two-group, two-d.imensional- eod-e, Equi-

poise-3, wlth group eonstants for each region from MODRIC. ft was pred-iet-

ed. that the reactor would. be crltical at l-2OOoF, rods out, fuel- statie

, 
*ith 0.256 noLe %'u?w n @.fgS more $ total uF+).

Instead. of using J2$-enrLehed. granium to make up the fuel salt, we

d.ecicted. to start with d.epleted. urartir.rm in the salt and. ad.d. the required.

amount of 23fu as hlghly enri-ehed" uranir.m (gS% "tqo). Tkris pemitted

prel.iminary operation wtth uranium in the salt before the beginning of

nuclear operatl-on and. also faeilitated. the manufaeture of most of the

uranir.m-beartng sal-t. TLre salt was prepared. ln three lots : the earrier

sa1t, containing the beryllir:n, zireonir:m and. most of the lithlum

fluorides; T3 LiF-2T W+ eutectic containing 150 kg of d.epleted uranium;

, and. euteetic contatning 90 kg ot 23VJ in the highly enrlehed form.

Thirty-five eans of carrier salt and. two eans of euteetic containing

the depleted. uranium r.rere blended. as they were charged into a drain tank

in Apri1. TLris mixture of salt was then cireul-ated. for 10 days at 12OO'F

A while the sa,npler-enricher was tested. and. l-8 samples were analyzed to
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estabfish the lnitial co4position. ftre crttical ertrreriment then consisted
of ad.d.ing enriehed. uranium in increments to bring the 23s{J eoneentration
up to the eritical point.

Nuclear instn:mentation for the experiment consisted. of two fi:.Ssion
ehambers, two ff3 ehambers and an 24]-Arr-242Cm-Be souree, tocated. as shornm

in Fig. 1. Tlre f\rel salt itself also eonstituted. a neutron source, due to
reaction of 234U alphas ir5.th bery-lllum and'ffuor,ilae.

fhe enriehing salt was ad.d.ed. in two ways: by transfer of molten
salt from a heated. can into a drain tank, and by lowering capsules of
frozen sal-t into the pump bowl via the sarnpler-enricher. The l-atter
method. was l-inited. to B5g'=T per capsule, only o.ool-2 of the expected.
eritical- load.ing. Therefore the bul-k of tne 23fu was ad.d.ed. in 4 add.itions
to the d.rain tank. After each add.ition the eore was filled and. eount-rate
data were obtained. to monitor the inereasing nmltiplieation.

fLre amount of 23sIJ extrleeted to make the reactor critical i,,ras calcu-
l-ated. to be 68.T l<gt using the vohmetric eoneentration from the criti-
eality cal-eulations and the volume of salt thought to be in the fuel loop
and. d.rain tank. (Tkre value of salt d.ensity which was used. to get the
vol-ume from the knowr weight of sal-t is now believed to be erroneous,
See l-ater d.iscussion. )

Before the ad.d"ition of enriched. urani.um, count rates had been d.eter-
mined. with barren salt at several levels in the eore. Then as the eore
was fill-ed" after each 23su ad.d.ition, the ratio of eount rates at each
l-evel was used. to mcnitor the ruultiplieation. (fig. 2 shows elevations;
eount rates were d.etermined with salt at 0.4, 0.6, o.B, and. l-.0 of the
graphite matrlx and with the vesset_ fu[.)

Cor:nt-rate ratios with the vessel- firll after each of the four major
ad.dltions are shornrn in Flg. J. Each add.itlon, f ill, and. drain took be-
tween one and. two days, so only four major ad"d.itions had. been planned..
After the third ad.dition, with 6h.54 te .r"U in the salt, the projected
critieal- loading was 7O.O t 0.5 kg 23EJ. (tne f-inch ff3 chamber t_oeated
in the thernral shieId., whose eount rates extrapolated. to a higher value
was knor,rn to be strongly affeeted. by neutrons coming d.irectly from the
source. ) TLre fourth add.ition was intend.ed. to bring the toad.ing to about

\r/
t
t
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1kg below the critteal polnt. (nris rnes not as bol-d. as it has seemed. to
some; the minfurum critical load.ing at whieh we were shooting vas only a

checkpoint before subsequent ad.d.itions. No question of safety was in-
vol-ved if there had. been an overshoot.) 4.38 t<g of a35U was ad.d.ed and

the count rates showed. the l-oad.ing was within O.B trg of eritieal- when

the rod.s were withd-rar,nr and. cireulation was stopped.. Prel-inninary esti-
mates of rod worth and eireulation effect, based. on ehanges in subcritical
multiplication, were approximately the expected. vafues.

In the final stage, enriehing capsules were ad.d"ed" through the puop

bowl- to bring the l-oading up Blg at a time. After eaih addition cireula-
tion was stopped., the rod.s were withdrar,n: and count rates liere measured..

The external source vas withd.rar,nr for some of the measurements to see the

rel-ative strength of the internal- and. external source. With the reaetor
within O.2/o 6k/k of critical, slight variations in temperature eaused. eon-

sid.erable changes in multiplieation. (Variations in the voltage of the

area power supply change the heater inputs slight1y, requiring fine ad-

justments of the heater eontrofs to keep the temperature precisely at a

specified. tenrperature.) After J capsules, it appeared. that after one

more, the reactor could. be nnad.e critieal. TLre eighth was ad.d.ed., eircu-
lation was stopped. and. the rod.s were earefully withd.rar,m. At 5:00 Plt{,

June 1r. the reaetor reached. the eritical point, with two rod.s at full-
withd.rawal- and. the other inserted. 0.03 of its worth. Critical-ity i^ras

verified. by leveJ-ing the poweT at suecessively higher level-s with the

same rod position. The 25EJ loading was 59.6 Ue.

Pred.ieted" ancl observed. 25sU requirements for criticallty are compared.

most logiealIy on the basis of vol-umetric concentration. TLre required.

vol-umetric eoncentration is nearly invariant with regard. to the fuel--sal-t
d.ensity (unl-ike the mass eoncentration, which varies inversely with
d.ensity) and. d.epend.s not at all- on system voLme or total- inventory.

The "observed." 23sU concentrations are on a weight basis, obtained.

from either inventory record.s or from chemical- analyses. These weight
coneentrations must be converted. to vol-umetric concentraition by multiply-
ing by the fuel-salt d"ensity. Ttre amounts of 23fu and. salt welghed into
the system gave a e3su *eight fraetion of f.\2/t at the time of the initial
eriticality. Ttre chemical analyses during the precritical operation and. \*rrl

;
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the zero-porrer elperiments gave uranium concentrations which r^rere O.!B!

of the "book" coneentratlons. (nart of thl.s d.lscrepancy, about half we

believe, is due to dllution of the fuel- with flush sal-t left in freeze
val-ves and drain-tank heels when the fuel salt was charged.) Applying
this bias to the book concentration at criticality gives an "analytical"
23stJ 

',reight fraetion of 1 .\O%. TLre clensity of the fue]- sa]-t at f2OO'F we

now believe to be about l\5.5 Lbffl,5. Tkris is the preliminary result of
recent l-aboratory measurepents of denslty, and it agrees with measurements

made in the reaetor using the two-point l-evel probes in the drain tanks.
Earlier measurements in the reactor, using the d.rain-tank weight indi-
cations and. the vol:me of salt believed to have been transferred. into
the ftrel- loop, gave 1J6.6 l:A/tt3. (ft" amounts of 255U in the fuel loop
shown in Figs. 5 and. J antl the aecompanylng text were eomputed. on this
basis. )

Correetiong must be appliecl because the initial- critical eond-itions

were not exactly the same as those assumed. in the pred.ietions. The core

temperature was 1181"F lnsteaci of 12OO'F and the control rods were

pol-soning o.l84f 6k/k instead. of ,rorru. (Two rods were at maximu:n with-
drar+al, !1 lnches, and. one was at 46.6 rn.) Ttre precticted.23sIJ concen-

tration for criticality at the reference cond.ition ,ias 32.8T g/Xt

eorrected to the aetr:al conditions, it is gl.O6 e/n. Tlris pred-icted.

val-ue is eompared. r,rith "observecl." concentrations in Table l.

- Tabl-e I
COMPARTSON OF CRITTCAL 2359 CONCEI\]ITBATIONS

l-r8roF, pt-IMp oFF, o.r8/o olc/tc RoD POTSONTNG

a

23su conc.
(wt . /,)

tr\;el Dens ity
(n/rtl )

25sg conc.
k/n)

Pred.icted.

Book

Analytieal

L,\2 L\5.5
L35.6

33.06

33 .10

3r.07

L\5.5
L36.6

32.60

30.60a,\

l-. ho
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If, as we estlmate, the true coneentration was about hatf way be-

tween the book and the analytieal and the density is about L\5.5 llAftf,
the actuaf concentration was extremely close to the pred.ietion.

Ie,boratory measurements now in progress should" eonfirrn the value of
fuef-salt d.ensity. The uncertainty between book and. analytieal concen-

trations wil-l- also be reduced. as a resul-t of the next startup, when

analysis of the firel after another flushing, d.raining, and. refilling
wil-l- hel-p us evaluate the d.llution effect.

Control- Rod. Worth

Tkre ad.d.ition of 23sU beyond. the minimr:m eritical load-ing had. a two-

fo1d. objective: to end. with enough excess reaetivity to perrnit operation

at ful-l- power and. in the proeess to make measurements which could be

analyzed. to give eontrol-rod. worth and. various reaetivity coeffieients.
TLre final- amount of 23LI was to be enough to be critieal at 12OO'F with
the fuel stationary and. one rod fully inserted.. TLre method. was to ad.d-

85 g 235A at a time through the sampler-enricher, after each capsule

determine the eritieal rod. position, and at longer intervals d.o other

extrleriments.

Experiments specifically aimed. at rod worth were stable-period.

measurements and. rod-drop experiments. These were d.one with the fuel-

static and. with it cireulating. Ttre resul-ts will give, as aceurately as

possible, the total and. d.iffer:ential worths of the regulating rod. (rod. 1)

over its entire travel with the other two rod.s fully wl-thdrar,n:. fn
ad.d.ition, worth values wi]I be obtained. for eaeh of the three rod.s with
the other two wlthdrar^m and. at interued.iate positions. Tkrese will l-ead.

to evaluations of rod. shad.owing and. "ganged." rod worth. So far we have

finished. analyzing only the period. measurements with stationary fuel for
rod. I.

After the initial critical experiment, another B capsules were re-
quired. before the reaetor coul-d. be mad.e critieat at l20O"F with the fuel-

punp running (a eonsequence of the l-oss of d.elayed. neutrons during circu-
lation). Thereafter r,re measured. the critical rod. position with the pump

ruru:ing after eaeh eapsule. At intervals of ,l+ capsules, ve made period-

Y
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measurements wtth the pr:mp nrnning then turned. it off, d.etermined. the new

critical rod. position, and. made more period measurements. Ttris went on

until a total- of 87 capsules had. been atid.ed.. Tlrree times durlng this ex-
periment (after JO, 65, and Bf eapsules) i,re observed. rod-drop effeets;

FeriotL measurements vere usually rnad.e 1n pairs. Ttre rod. whose sensi-
tivity vas to be measured was a{iusted to make the reactor just critical
at approximately 10 rratts, then it was pulIed. a preseribed. d.istance and.

held there until tbe poruer lncreased. about 2 cleead.es. TLre rod. r,uas then
qulckly inserted" to bring the power.back to 1O watts and. the neasurement

was repeated. at a shorter stable period.. Period.s were generally in the
ranges from 40 to 50 see and fron TO to 120 sec.

For the measurements wLth the pr.mp off, the usual lnhour rel-ation
was used. to calculate excess reactlvity from the observed stable period..

!,7
P = n + T + n + rr

6
V
)

./-1,
1=1

Fi
TTTqF

The d.elayed neutron fractlons F1r used in the stationary-fuel cases were

aeeepted. values, eorreeted. for the increased. importance of the fower-
energy neutrons in the IvlSRE.l

Table 2

DEIAYED NzuTRON FRACTTONS ]1[ IVISRE

104 x fraetion (n/n)

Group
Itral-f -Life

(see)
Eff ecti.ve

Aetual (Statie F\ret)

I
2

3

h

5

6

55.7

22.7

6,22

2.30

o.5r
o.23

2.LL

14. 02

L2.5\.

25.28

7. 40

2.TO

2.23

L\.57
13 .07

z6.zB

T .66

2 .80
P\

I
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Two fission chambers driving J-og-count-rate meters and. a two-pen record.er

were used. to measure the period.s. (n"" stable period. was taken to be the

average of their two read.ings, which usually agreed. withln ahout 2$.) We

lratched a l-inear record.er, drj.ven by a compensated. ion eha,:nber, irrhile we

leveled. the power at the beginning of a measurement. In the analysis, we

eomputed the initial reactivity (usua1ly less than ,0 .Oq/') fron this
record.er chart if there had. been a slow drift. The d.ifferenee.betrueen the

reaetj-vity during the transient and" the initial- reactivity was. d.ivid.ed- by

the rod. movement and. this sensitivity r,ras ascribed. to the rod at the

mean position.
We obtained. the total rod. worth by integrating the eu?ve of rod.

sensitivity vs position shom: in Fig. 4. Because rod worth is affected.

by the 25sU eoncentration in the eore, it was necessary to apply theo-

retical- correetions to the measured. sensitivities to put them all on the

basis of one coneentration. Ttre points in Fig. 4 were corrected. to the

initial eritical- concentration, r"rhere the sensitivity is the highest.
fhe eorreetion faetors which rrere applied. increase linearly with 23sU

eoncentration to a maximum of t.O3 at the final eoneentration (the points

between l- and 2 ineh). IIad. the points been eorrected. to the final eoncen-

tration, the curve woul-d. have been lower by three pereent.

Figure 5 shows a curve of rod. effect vs position at the initial con-

centration which ls the integral of the d.ifferential-worth curve in Fig. 4.

The curve for the final- coneentration is simply the flrst curve reduced. by

a factor of t.O3

Tkre theoretieal pred.ictions of rod. worth were based. on four-group,
two-d.imensional d.iff\:.sion cal-culations mad.e with the Exterminator program.

T?re change in the static multiplication constant with all three rod.s i.n-

serted. al-l- the vay through the Ivl,SRE core, and. with the fuel composition

praetically the same as the initial experimental- coniposition, was

-5.5I/o Ln ke. tkris is equivalent to a static reactivity of -5.79/' t:k"/ke,
For these sa,ne cond.itions, this theoretieal mod.el gave a statie reaetivity
of -2.28y''Ak"/}q" for rod.2 with rods 1 and 3 completely removed, Although

the actual rod calibrated. r,as rod 1, eomplete cal-eulations were mad.e with

V
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this mod.eI only for rod 2, slnee this rod lies diagonall-y opposite and

syrrnetrically with respeet to the graphite sample hold.er.

The vorth of the partially inserted, banked. rod.s was Calcul-ated. for
a eylindrieal anrrular moclel- of the rod bankr'using the two-group, two-

d.lmensional prograra, Equipoise-3. These results ind.icated. that the
avaiLable travel of 51 in. covered 0.92T of the worth of rods all- the
way through ,the core. (Ttre effeetive height of the core, extending into
the upper and. lower head.s, is 78.2 in.) Tlrqs the'effective static reae-
tivity for rod 2 r,m,s *2.28 x .927 = 2.II/0. Earlier caleulations made for
d.ifferent fuel- sal-t'compositions had. indicated. that the worth of either
rod. 1 or rod. I is about l-.03 times that for rod 2, due to the positions
of the rocls relative to the graphite sample hol-d.er. ftrus the pred.icted.

worth of rod. I wouId be about 2.2%o in favorable agreement with the
exper imental measurements

We are working on the analysis of the period. measurements with the

firel circulating. As w111 be d.iscussed. latero a new rnathematical treat-
ment of d.e1ayed.-neutron effects in the I4SRE is being progrardmed.; this
will be used. to relate period. to reaetivity. The sensitivities d.eterrnined.

in thls r,uay should., of eourse, eoincide with the results of the static-
fuel measurernents. Secause of the d.iffieulty of aecurately treating the

complex pattern of precursor d.istribution in the circul-ating fue1, the

values obtained. with the fuel static should. be more reliabl-e.
Ttre rod.-tlrop experirnents are al-so being analyzed.. Ttrey wil-l give

ind.epend.ent values of rod worth and. nay show the effect of 237J concen-

tration on rod worth. This l-atter effect is afso the subjeet of mul-ti-
group caleulations at the concentrations observed. in the experiment.
(The eorrectlon factors used. in the preliminary analysis were interpo-
lations of resul-ts at hlgher and l-oa/er concentrations. )

-\
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23sU Concentration Coefficient of Reactivity

Itre 2t5U eoneentration eoefficlent of reactivity is given by the

ratio of the ehange in reactivity to the fractional- change in 235U concen-

tration (or circulating rnass) as a result of a small ad.d.ition. Ttre effect
of each capsule add.itlon (after initlal critieality) on the critieal po-

sitlon of the control- rod. vas d"etermined with the pump running. The

critlca] posltion wlth the pr:mp off was measured. after every fourth ad.-

d.ition. Rod posittons rirere eonverted. to reactivity, using Fig. ) and

corr€cting for the concentration effect on rod. lrorth. Resufts are shovn
arn -u'rg. o.

The slope of a curve in Fig. 6 at any eoncentration rnultiplied. by

that eoncentration is the d.esired. concentration coefficient of reactivity,
(Dk/k)/(bn/m). fkre coefficients obtained. in this way range frorn O.22 at
the final concentration to 0.23 at the lor"rcst eoneentration. The coef-

fieient pred.icted. from multigroup critieal-ity searehes about the minimum

critical- concentration was 0.248. '(ref . 2)

Reactivity Effeet of Clreulation

The reactivity effect of circulation, given by the d.ifferenee of the

two curves in Flg. 6, is -{0.2I2 ! O.o0l+)% Dk/k. The effect of ehanges

in d.e1ayed.-neutron precursor d.istributlons i,rith cireulation had- been pre-

dieted to be -o3o{o Dk/k.lr3 Another <,2% bk/k was erpeeted. because of
entrained. bubbles of hel-ir:m in the cireulating salt. As will- be d.i.scussed.

later, the evid.enee shows there were practieally no circulating gas bubbles

except for a brief period. when the fuel- l-evel- in the pump bowl was fowered".

ftrerefore the gas effect attend.ing eireul-ation was praetieally ni].
Ttre d.iffereoce between the pred.ieted. and observed. d.el-ayed.-neutron

losses we believe is due to lnadequate aecounting for d.e]-ayed. neutrons

enitted. just outsld.e the graphite region of the core in the upper and

lower head.s. A more realistic mod.el has been d.eveloped. and. is now being
programaed.. The progran will compute precursor d.istributions und.er both
stead.y-state and. transient cond.itions, taking into aeeount mixing,
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velocities, volume fractions, and fl-ux d.lstributions in eaeh of the prin-
eipal reglons. The weighted. contributions of the d.elayed neutrons from

each group will- be computed., taktng into aecount the initial energies of

the neutrons and the nuclear lmportance of eaeh region' TLre result wil]
be a "circulatlng-fuel inhour equation" for the I4SRE whose uses will in-
el-ude the analysis of the eireulating-fuel period. measurements and., as a

special case, the stead.y-state effect of eireulation.

Temperature Coefficients of Reactivity

We measureti the effect of temperature on reactivity by ad.justi-ng

the eleetrie heaters to change the system temperature slowly (about ]l'F
per hour) while rnre observed. the critieal positlon of the regulating rod.

Thls experiment gave the overall temperature eoeffictent, i.e., the sum

of the fuel and. graphite coeffieients. We also attemFted. to separate the

fuel (rapid) and. graphite (sluggish) coefficlents by an experiment in

which the coolant system was used" to increase the fuel-salt temperature

rather abruptly.
Figure f shows results of the three experiments involving slow

ehanges in temperature. The first experiment, with 64 kg e35U in circu-

latlon, gave a line whose slope ranges fro:n -(6,6 to B.E) x 19-s op-1. At

66 Ug the experiment gave a straight line with a slope of -7.2\ X lo-s oF-l.

In the last experiment, at 68 tg, the slope of the curve above about U-40'F

is -7.3 x tO-s oF-1. A val-ue of -7.0 x lo-s oF-r had been predicted':

-3.3 x 1o-5 oF-l for the fuel and -3.7 x fo-s oF-1 for the graphite' Tkre

fuel-sal-t coeffieient of thermal erqransion used. in this calculation was

obtained. by an empirical eorrel-ation of d.ensity and composition of salts

other than our fuel salt. Recent measurements of fuel-salt d.ensity gave

a higher therrnal-e:qransion coeffieient, lead.tng to a calculated. fuel
temperature eoefficient of reactivtty of -5.6 X 10-s oF-L.(ref.'4)r:The new

value for overall tenperature coefflcient is -9'6 x 16-s o3r-1' The ob-

served. coefficient is in better agreement with the earlier pred.iction

(on which the safety anal-ysis of the I,SBE r,ras based.), The d.ensity measure-

ments are belng revieweci and. they wll-1 be ehecked. by an ind.epend-ent

method. of d.ensity d.ete:nnlnatlon.

Y
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The e:rperiment at 68 kg 23sU shows a loruer slope below about 111+O'F.

We cio not believe that the tenperature coeffleient is lover in this range

but that another phenomenon beeame significant during this part of the

experiment. Th,at is the appearanee of an inereasing arnount of helium

bubbl-es in the eireulating salt as the temperature lras l-owered.. fhe evi-
d.enee for this is d.lseussed. in the next section on pressure effects. The

effect so far as the temperature experiment is coneerned. was that the bub-

bles tend.ed to reduce the arnor:nt of f\:el- sal-t in the core, compensating

to some extent for the increase in d.ensity of the sal-t itsel-f as the

temperature was lowered.. Tlrus the slope of the fower part of the curve

eannot be lnterpreted. as a temperature coeffieient of reactivity in the

usual sense.

TLre hot-slug transient r,ras d.one by stopping the fueL pump, raising
the temperature of the cireulating coolant sal-t and the stagnant fuel in
the heat exehanger, then restarting the fuel purnp to pass the hotter fi;el
salt through the eore. The output of a therrnoeouple in the reactor-vessel
outlet, logged. d.igital-ly at 1/4-see intervals, showed. a brief inerease of
5 to 5'F as the hot salt first passed.. It then leveled at about 3.5'F
for a few loop transit tines before decreasing gradually. Ttre noise in
the analog-to-digita1 conversion (t f"f) linited the aceuraey of the

measurement, but by taking an average of 50 points during the l-eve1 period.

after mtxing and before the graphite temperature had. time to change signifi-
cantly, a value r+as obtained. for the step in fuel temperature. Reaetivity
change r*as obtained. from the change in rod. positlon, corrected. for the
d.ecrease due to eirculation, and aseribed. to the fi:el-temperature increase.
Ttre result rnras a change of -(4.9 ! 2.:) x lo-s oF-1. Pr"edleted values of
the fuel-temperature eoeffieient l-ie ln thls range. We propose to repeat
this test with the thernoeouple sl-gnals blased and anpllfied. to reduce

the effect of noise in the analog-to-digita1 conversion. More precise
results can be e:rpected. in this case.

|}
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Effect of Pressure on Reactivity

We performed. three tests to explore the effect on reactivity of ehang-

ing system overpressure. Theoretical- eonsid.erations had. lnd.icated. that for
slow changes a very small, possibl-y negative, pressure coefficient of re-
actlvity cou1d. be expeeted. but for rapid. ehanges the coeffleient woul-d. be

positl-ve. Ttre eristenee of any pressure coefficient was based on the

assumption that und.issolved. helium would be entrained. in the eirculating
fuel. fn each of the three tests the loop overpressure was slowly in-
ereased from the nofmal 5 psig to l-O to 15 psig and then quickly relieved,
through a bypass valve, to a drain tank that had been previously vented. to
atmospheric pressure.

The first two tests were carried. out at nonnal system temperature with
the norrral operating leve1 of salt in the fuel-pr.rmp bowl. No ehange in
eontrol-rod. position was required. to maintain criticality and. no signifi-
cant change in pr:mp-bowI level was observed. during either of the tests.
These ind.teated that the pressure coefficient rras negllgibly small and.

that essentlally no helium bubbl-es were circulating with the satt. Further
evid.ence of the lack of circul-ating void.s was obtained. from a ganma-ray

densitometer on the reactor inl-et line; this instrument showed. no ehange

in mean salt d.ensity during the tests
Ttre third. test was perfo:rned. at an abnonoally low pr:mp-bowl level

whieh was obtained. by lowering the operating temperature to 1O5O'F. Figure
B shows the pressure transient and the responses of the regulating control
rod., tlensitometer, and. fuel-pump leve1 during the rapid. pressure release.
Ind.epend.ent evaluations of the void. fraction from these three parameters

a1t gave val-ues between 2 and, J percent by vohale. Ttre frequency response

characteristics of the effects of pressure on reactivlty were calculated
from the pressure and rod motion and. are shown in Fig. p along with the
pred.tetett high-frequeney response for a void. fraction of 1,.2/0, Extrapo-
lation to the observed. curve gives a void. fraetion of 2 to 2-L/2 percent.
The low- and. high-frequeney pressure coefficients were + O.0O0J and.

+ 0.014(% 6k/t)/psi, respectively, for this particular cond.ition.

I
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Fig. B. Cond.itions During Rapld Pressure Release Wtrile Circulating
Helium Bubbles.
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DSrnanic Tbsts

We performed. a variety of dynamie tests during the operation at zero
pol4rer. fhese tests were the start of an extensive program to evaluate
experlmentally the inherent nucl-ear stability of the II4SRE at all power

l-evel-s. The reactor system has been analyzed. on a theoretieal basiss
and the tests are d.esigned not onLy to characterize the present system

but also to evaluate the techniques and. mathematical- mod.els used. in the
theoretical analysis. Preliminary results from the analysis of the zero-
poTrer tests are presentetl bel-ow.

Freq\rency Response Measurements

A series of tests was run to d.eternine the frequency response of neu-

tron level to reactivity perturbations. These experiments includ.ed. pulse

tests, pseud.o-rand.om binary reactlvity-perturbation tests, and measurements

of the inherent noise in the fJ-ux signal. Tests were run with the fuel
pump on and. with it off. Noise measurements ruere also mad.e during a
special run wlth a low pump-bowl level- where there inrere entrained. bubbl-es

in the core.
The frequeney l:esponse is a convenient measure of the d.ynamic charac-

teristics of a reactor system. Classldal-l-y the frequeney response is ob-

tained. by d.lsturbing the reactor with a slnusoidal reaetivity perturbation,
and. observing the resul-ting sinusoidal- neutron-Ievel variations. The nag-

nitud.e ratlo is defined. as the ratio of the amplitud.e of the output sinu-
soid. to that of the input sinusoid.. The phase angle is d.efined. as the
phase d.ifferenee between the output sinusoid and" the input sinusoid.
Other proeedures, such as those d.eseribed. in this report, can be used. to
yield the sa;ue results as the elassical method. t'ift.tn less experimental

1

Ieffort.
TLre zero-power frequency response tests serve to check the theoreti-

cal-, zero-power frequeney response pred.i-ctions, but they do not furnish
d.irect inforrnation on the stability of the power-produeing reactor. The

zero-power tests, hor,lever, d"o serve as an ind.ireet, partial eheck on the
at-power precllctions beeause the d.ynamic behavior at power is sirnply the

zero-power case with the ad.d.ition of feedbaek from the system. Tkrus,
t

Y
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verification of the zero-porrcr klnetics pred.ictions l-end.s some support

to the pred.ictions regard.ing power ope::ation.

Proeedures -- fn the pulse tests a control rod was withdrar,nr tf2' in.,
held there for 3-f/2 or f see., then returned to its original position.
ftre rod. ve,s plaeed. so that this rod. motion caused. a ehange in k"r, of
about O.O3%, Ttre rod.-position signal and. fh.rx signal Tdere reeord.ed. d.igi-
talIy at 0.25-sec intervals using the I4SRE on-l-ine digital eomputer

(referred. to ln Figs. 16 and. 1f as "logger"). TLre frequeney response

was obtainett by numerically Fourier transforring the input and. output
signals . /t"';1. ' '. ',4 ,.'ilir,"'i' :.',..^'l lJ^: Lli! /:t"'3'

Ttre pseud.o-rand.om binary tests consisted. of a speeially selected.

series of posltive and negative pulses. Ttre series contained. 19 bits
each with a duration of 7 sec., andl r,es repeated. several times so that
the inltial transients could. die out. Ttre rod. motion about the average

position eorresponded. to a &eff of about lO.!{IOL5ZI The rod.-position
signal and flux-leveL signal were recortled. d.lgltally at O.ZJ-sec intervals
using the IIFRE computer. Ttre frequency response was obtained. by two

d.ifferent rnethods. fhe d.ireet method used a digital filtering teehnique

to obtain the spectral d.ensity of the input and. the cross spectral d.ensity

of the input and. the output. Ttre frequency response of the system is the

ratio of the eross to input power speetral d.ensities. The ind.irect
raethod. involved. ealculation of eorrelatlon functions and. subsequent numeri-

ca1 Fourier transfo:rnation. Both method.s gave essentially the same

resul-ts.

:
.\

fhe noise

an analog tape

tests required.

resul-ts . These

teetor and the

Results - -

measurements and- ane,J-yses used. d.irect analog filtering of
record. of the inherent noise in the flux-fevel signal. The

one hour of data record.tng to give statistically accurate

tests were hampered. by the unfavorabl-e loeation of the d"e-

resultlng l-ow flux-signal l-evel- at l-ow power (- l-O watts).

Prelj.:ninary results of the frequency response measurements

are shor.rn in Figs. 10 through 14 along with theoretical pred.ictions for
the runs with the fuel purop on and with the pump off. As shown on the

legend in the figures, several d.ifferent procedures were used" to obtain

these results, but this represents only a partial analysis of the availableft

"A\
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data. All- of the experimental points except for the noise-analysis re-
sults are in absolute unLts (fractional ehange in neutron flux per ehange

\-in keff). TLre noise-analysls resul-ts are based. on the assumption of a

white-noise input and. eontain an unobtainable proportional-ity constant.

Thrls.r the noise-analysis data were arbitrarily multiplied. by the factor
required" to give agreement with theoretieal resul,ts at a frequency of
p raclians f sec.

Figure 1! shows the noise analysis resul-ts for operation at a reduced"

pr.up-bowl 1eve1, whieh caused. increased. bubbl-e entrainment in the fuel-

salt. Ccmparison of the noise spectn:m obtained" with bubbles circulating
(nig. 1!) and the noise spectrum obtained. with no bubbl-es eireulating
(tr'ig. t-O) inaieates that the bubbl-es increased. the amplitud"e of the power

speetral density significantly in the l- to lO-rad/see reglon. Previous

e:qreriments with the IT4SRE-eore hydraulic mockup lnd.icatecl that rand.om,

hydraulically-induced. pressure ffuctuations in the core would. probably

eause a signifieant modulation of the core void. fraction, thus causing

reactivity fluetuations. Hence, ad.ditional- flux noise in this frequency

range was elq)eeted., although it vas not possible to pred.ict the "shape"

or characteristies of this spectn:m.

Unfortunately, the noise measurement was the only type of frequency- ''r

response measurement matle during operation wlth a redueed. pump-bowl level. I

We propose to operate aga!.n with a reduced. pump-bowl level early in the

next critieal nrn, repeating the noise tests and. al-so d.oing pulse and-next critleal nrn, repeating the noise tests and. al-so d.oing pulse and 
\

pseud.o-rand.om blnary tests. Tlris should. ad.equately d.etermine the influenee \
of bubbles on d.ynamie behavior.

Evaluation of Results -- Signifieant results from the zeTo-power

pulse and. binary noise tests r4rere etcpected. onJ-y if the temperature drifts
durtng the tests were hel-d. to essentially zero, and. the control rod could.

be positioned with aceuracies better than O.0l- ineh. fn spite of these

stringent requirements, results were obtained. whieh agree favorably with
the pred.ictions. Reasons for the consistently low val-ues of magnitud.e

ratio are eurrently being stud.ied. to d.etennine if they are due to inac-

curacies ln the measurements or to. i-nperfect data or mod.els used. in

| ':u
"i "f,r)rl

j ,. .f: ll'
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It was encouraging that the necessary data could be obtained. in the

important frequeney range for the I4SRE without the purchase of special-
purpose equipnent. However, some lessons were learned. that will lead. to
slight nod"ifieations in subsequent tests

The standard. analog-to-d.igita1 eonversion of the reguired. signals
by the computer is not accurate enough. The requirement of operation
over a wid.e range preelud.es the possibil-ity of aeeurate reeord"ing for the

relatively small ineremental changes used. in these tests: ft is expected.

that this can be corrected. by use of an appropriate bias and ad.d.itional
electronic amplification of the signals. F\rture tests will al-so use ana-,

log-tape record.ing of the data in paraIleI with the reeord.ing by the l4SnEzr.;;

computer. TLris will serve to eheck the computer results and. will "f*-j
perrnit testing of other analysis proeedures.

The suceess with the pseud.o-rand.om binary tests will- l-ead- us to
erpand. the use of this test. In partieular, the 'l.ength of each bit in !"^" 

'..r
i::

the I!-bit sequence wil-l- be inereased. in some of the tests, and sequences i :- 
^

with more bits wil-l- be used. with the rod motion controlled by the I,FRE 1 ' "':
computer. These mod.ifications wil-l- give the resolution need-ed. to d.etectOnf ,,.*

i

the resonance peaks expected at low power in the frequency-response magni-l

tud.e-rd,tio curves.

The resul-ts show: in Figs. 10 through l-4 were obtained. by straight-
forward. applieation of basic procedures. TLre pulse test resufts were

filtered. prior to analysis, but the binary test resul-ts rnrcre used. in un-

mod.ified. form. These resul-ts will- be further refined. by application of
ad.dltional- data-hand.ling techniques such as smoothing and. automatic trend.

removal-. However, early results were good. enough that these nod.ifications
should. not produce much improvement. TLre noise-test results were in-
fluenced by the tape-reeord.er charaeteristics. This instrurnent is cur-
rently being ealibrated. and the results wil-l- be corrected.. Ttris correction
shoul-d. be important only bel-ov 5 rad.ians f see. 

_

Tbansient Fl-ow Rate Tests

Tkre purposes of the transient flow-rate tests were: 1) to obtain
startup and. eoastd.own characteristics for fuel- and. eoolant- pump speed.s

and for cool-ant-salt flowrate; 2) to infer fuel-sal-t ffow-rate transients
-\
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from the resul-ts of (f); and 3) to deterrnine the transient effects of \/
flow ehanges on reactivity and. void. fractlon.

Figures 15 and l-7 show the fuel-pump speed., coolant-prmp speed.,

and coolant-salt flow rate vs time for prmp startup and eoastdovn. D.ta
were taken with the eomputer and with a Sanborn oseillograph. Ttre output
of a d.ifferential-pressure eelI across the coolant-sal-t venturi r,las re-
cord.ed. d.irectly on the oscillograph, and the square root of that signal
was taken as flow rate. The lag in the response of the eomputer flow
signal is due to the response charaeteristi-es of the HvlF-to-eurrent con-

verter and the square-root eonverter betveen the d.ifferential-pressure
transmitter and the eomputer input.

It was hoped. that the coolant-pump speed. and. coolant fl-ow rate would.

eoast d.own in unison so that the fuel- flow rate coastd.ornrn could. be in-
ferred. directly from the firel-pump speed. eoastd.or,m. curve. This was not
the case, however. Othas- aethgp{9,-"nelys is''vitrJ- be atterrpted." }ater.

Reactivity effects of fuel- flow-rate transients were measured. by ;
letting the ffux senro controLl-er hold. the reactor eritieal during the

transients; the reactivity ad.d.ed by the rod. is then equal (and. opposite)
to the reaetivity ehange due to the flow perturbations. The data for
the pump startup were taken on the computer but were inadvertently erased.;

the reaetivity transient for the pump eoastd.or,rn was record.ed.. D:e to the

absence of void.s in the fuel lbop during normal- operation, this transient '

is due entirely to fl-ow effects. Flrther analysis of this eurve will be

mad.e to try to d.etermine the flow eoastd.or,n: transient and. to cheek on the

model- used. to represent the circulatlng delayed-neutron precursors.

Concl-usions from Drnamic Tests

TLre two most significant concl-usions to be obtained. from the d.ynamic

tests are 1) the infonration obtained. gives no ind.ieation of the existenee

of inherent eharacteristies that mlght l-ead. to operating d.ifficulties in
the low-power runs, and. Z) ttre selected- tests were, on the whole, quite
satisfaetory. fhese tests gave results whieh show good. agreement vith
theoretieal pred.ietions giving lncreased. confid.enee in the theoretical
mode1 and. in the pred.ictions for stable porder operati.on. Since the

zero-power tests of this type are ali,a.ys more d"iffieul-t than power-l-evel-

tests, very good. results are expeeted. from l-ater tests. Y
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TTJEIJ SALT CHEIvIISTRY6

tr\rel samples were renoved. daily fron the Bi:mp bowl-. during the l-ast
precritical operation (Run PC-2) and the zero-power e:cperiments (nun 3).
Chemieal eoraposition, contaminant levels and- isotopie analyses rnrere d.e-

termtned. on a regular basis. Changes in composition during the operation
vere only such as eould. be explained. by t_he ad.d.ltions of enriching salt.
Ttre anal-yses support the conclusions that the sal-t was given excel-Ient
proteetion against moisture or oxygen, that no uranir.un precipitated.l and.

that essentially no corrosion of the INOR-B in the fuel systern oecurred.

during the period. of approximately 11OO hours.

FERT'ORMANCE OF MEC}TANICAL COMPONENTS

fn general, the perfornanee of the many mechanical- components of the
system r^as highly satisfactory throughout the run. Ttris is pa?ticularl-y
tnre in view of the faet that some of the items r^rere being integrated.
into the system operation for the first tirne. Sone d.ifficulties were

eneountered. whieh caused. temporary lneonvenienee but no program d.elays

resulted. and. no extensive mod.ifieations will- be requi.red. to improve future
perforrnance. Ttris section d.eals only with the d.1ff ieulties that were

experieneed., their actual and potential effects, and. the changes which

they tncurred..

ffitheeontro]-rod.sand'driveswereinsta]]-ed.duringrunPC-1
and. were used. in sim-rl-ator training. Sefore tr-.2 all .three rod.s were

insta.l-led and subjeeted to a test consisti.ng of 100 cyeles of full with-
drawal- and. seram. Ttre rod.s operated. freely and. never failed. to seram,

but oeeasionally the lower limlt switches failed. to eJ-ear properly as the
rocls ruere withd.rar,m. We found. the cause to be galling in the cam actu-
ator for the switch. After we installed. stel-l-ite bearing strips to
remedy this problem, eaeh rod was suecessfully raised. and scranmed. lO
tlnes wlthout any malfunetion. (ttre lower limit switch on Rod 2 at
first stuek as before, and. we found. that a shin had. been left out of the
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switch-aetuator assembly. After the shira was replaced there l4ras no

further trouble.) Troubl-e-free operation eontinued. throughout Run J.

Rod. drop tirnes were measured. in the tests in FC-2 and in a series of

40 scrams at the end of Run 3. fire resul-ts (Iunf" l) show that the drop

times beeame slightJ-y shorter and more uniform. This is consistent with

d.evelopment experience in breaking in new flexible rod.s.

Table 3, Observed Drop Times of Control Rod.s

Number of Timesa
Timed. Drops

Test Series Rod. 1 Rod 2 Rod. Rod" I
Standard. Deviation

Rod. Rod. I Rod.2 Rod.
Avera

Rod 2

0riginal
At end. of

Run 3

6+ )+6

4r l+r

l+j

\z

Beo

793

BTB

TT5

BFO

T92

LT

4.0

25 30

4 .l 3.7

tTiru from actuation of the scram switch (with rods at !l-in. withdrawal)
until- aetuation of lower llnit switeh (O inetr).

Measurements of ind.lcated. rod. positions with the tower end. of the

poison at the flducial zero position were mad.e after inetallation and. at

intervals during Run 3. ftre data d.icl not ind.icate any stretehing of the

rocs.
Sampler-Enricher

TLre installation of the fuel-system Sampler-Enricher was completed.

during the shut-d.ovn period. before Run PC-2. Since that tirae, 54 samples

vere wlthdrar,nr ana BT enriching capsules were ad.d.ed.. Although several

mlnor problems occurred. during the reaator operation, none of these prob-

lems prevented. the sampler from being operational. Tn scme cases d.elays

were incurued. during sa,npling or enriching, but the overal-f. sehedule was

not significantly affected.. Speeific problems that were encountered. are

l-isted below.

l-. Both the operational- and the maintenance gate valves d-eveloped.

leaks through one of the two seats of each val-ve. (ttt" space

betr+reen the seats of eaeh val-ve is hel-1um-buffered. and monitored-

continuously when it is closed..)

2, The rqmoval val-ve ]eaked. and. required. a greater-than-normal

helium fl-ow for buffering.
3. A solenoid. valve on the removal-va1ve actuator faited. and. was

replaced..

\-.'
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4. Ttre removal valve occasionally failed. to close eompletely and

had to be c]osed. manually.

5. The access port period.ically failed to cl-ose properly because

of, faulty operation of the elamps on the elamp actuators.
6. One sa:nple eapsule was accid.ently dropped" dow-r the sample

tube to the operational v8,1ve gate. Ttre eapsule was recovered.

and removed" without signlficant d.ifficulty.
T. The drlve motor stopped. onee during the removaf of an elrpty

eapsule. The capsule r.as inserted. about 12 inehes and. was then

suceessfully withdrawn. TLre reason for this stoppage is un-

knowo.

B. fhere were 3 boot failures on the manipulator with one of these

involving both boots. Ttre trurer boot ras 4amaged. tr,rice by the

operation of the maniln:lator. Both boots were blor.m off by

exeessive pressure d.ifferenee whieh resul-ted. from an operational
error. No d.eteetable release of contamination occurred" with
any of the failures.

9. The manipulator arm and. fingers were bent causing some d.iffi-
culty in gripping the latch cabfe and. moving the manipulator
arln.

Most of the troubles resul-ted. from this period. being one of testing
of equipnent and training of operators. A moek-up had. been thoroughly
tested. but the instal-l-ation of the s4mpler-enrieher on the reaetor was

completed. just before the critical experiments were begun. fhe operators
are now welJ- trained. and some minor changes are being mad.e to improve the

reliabi1ity of the equipment and. the safety of the operation, Tkre device

is erpected. to perforrn satisfactorily during power operati.on.

Freeze Val-ves

Several problems occurred. with the freeze valves, but most of these

\{ere corrected. prior to Run PC-2. Durlng critical- operation the only
important requirement is that of ensuring a suffielentty short thaw time

for the drain valve, FV-1O3. A proportional controller was ad"d.ed. to the

FV-103 cooling-air supply to maintain the freeze valve at a presel-ected.

temperature which would. result in a suitable thaw time. The tenperature./\
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control- and the valve temperature d.istribution were control-l-ed. satis-
factorily at any stead.y teroperature level but lt was necessary to ehange

the controller set points whenever the fuel-syetem temperature was changed.

appreeiably. Tkre following thaw times were reeord.ed. for the drains after
Runs PC-2 and 3.

Run tr-2: Carrier-Sal-t Drain - t6 t/Z nin (system eool-ed to
]t-oo.F)

Run 3: Fuel-Salt Drain - l0 min

Run 3: Flush-Salt E-ain - l-B rnin

An ineid.ent oecurred. during Run 3 whieh could. have d-el-ayed. an emer-

gency drain of the fi;e1 system had. it been required.. ELectrical power

to the freeze-valve control modules was l-ost for a period. of about lO min

beeause the tetntnals of a temporary record.er were aeeid.entl"y shorted..

The l-oss of nnodule power t-urned. blast air onto the freeze valves. Normal

operatlon of the valves vas restored. after module power r,es regained..

Control cireuit revtsions will be mad.e to prevent the recurrence
of this problem.

tr\rel and. 9,ool-ant Syslem kessure Control
Diffieulties were experienced. in controll-ing the fuel and- eoolant

system pressures within el-ose limits because of accumulation of sol-id.s in
the offgas throttling valve used. for fuel-system pressure control and. in
the filter just upstrea,ra of the coolant-system pressure eontrol- valve.

Drring Run R-l (January - l4areh, I95il, when the eool-ant sal-t was

cireulated. for 12OO hours, the eoolant offgas fil-ter plugged and. was re-
plaeed tr^rice. When the fil-ters plugged, pressure Tda,s eontrolled. at
5 ! 2 psig by manual venting through a larger bypass valve.) Tnspeetion
showed. that the filter $ras covered. with amorphous carbon eontaining traees
of the constituents of the eoolant sal-t and. INOR-8. Ttre filter was re-
placed before FC-2 with one having l! times the surface area. Coolant
salt was not eirculated. again until near the end. of Run I and then for
only 118 hours. Drrlng this tirne the pressure control again beeame

erratie, ind.icating obstrr.retion of etther the filter or the val-ve. These

will be inspected. and cleaned" or replaced..

I
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Ttre fuel- systera pressure control- beeame erratic near the end. of
Run PC-l- and. at the eonclusion of that run the offgas filter was removed.

It proved. to be clean, so the pressure eontrol- valve l/as removed. and found.

to be partially plugged. The obstruetion was blow: out with gas and. the
val-ve was washed. out with acetone. The valve then perforrned. norrnally and.

was reinstal-l-ed. Ttre aeetone rinse was darkened. and. contained. small-

(f - f rr) beads of a glassy substance.

tr\rel- system pressure eontrol- was satisfaetory at the beginning of
Run rc-2, but within a week the. valve began sticking again. This time
the valve r,vas replacbo. wittr one having a l-arger Cr, (0,077 instead. of o.o2).
The original valve lras cut open for inspeetion and. a black d.eposit was

found" partially covering the tapered. stem. Ttre d.eposit rnras about 20$

amorphous carbon and the remaincler was the 1 - 5p gl_assy bead.s, r,ftieh
proved. to have the eomposition of the ffush salt.

TLre larger replaeement val-ve in the fue1" offgas l-ine gave ad.equate

pressure control until near the end. of Run 3, after about 30 days of salt
cireulation, when it appeared. to be stieking oecasionally. When this
happened., the pressure buil-t up sIow1y to about 5 psig before the val-ve

opened. to cirop it back to the nornal 5 Bsig.
ftre cause of the solid.s in the offgas fines is not yet known. Ttrere

is reason to bel-ieve that some carbon maJr have been introciueed. to the

reactor with the saIt, accrmulated on the surface in the pump bowl and

been earried. into the offgas line as a dust. 0i1 contamination of the
salt system has al-so been suggested.. Ttre glassy salt bead.s in the fuel
offgas l-i.ne are probably frozen droplets of mist caused. by the stripper
spray, but we do not know r,rhether these are earried. into the line eon-

tinuously cluring operation or lrcre svept out of the punp bowl by sud.d.en

venttng.
A filter, capable of renoving l-p particles, is to be installed. in

the fuel system. (tUe pore size of the original- fiJ.ter was about 25p.)

Presumably thls will protect the val-ve from further aeeumul-ations.

Measures to remedy the coolant-system problem wil-l d.epend on the results
of the inspeetion of the filter. fn any event, the cool-ant offgas fil-ter
and. pressurecontrol valve can be maintained. d.irectl-y after power opera-

tion should. this prove neeessary.
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Failure of the control-l-ers to maintain absol-utel-y constant system

pressures will have very J-ittl-e effect on either the operation or the

safety of the syste-m. Itre pressure variations that. ha,ve been observed.

have been both sl-ow and small. tr\rrthermore, we wil-l- normally operate

with al"most no entrai-ned. gas in the fuel loop so that the pressure

coefficient of reactivity will be very small. As a result, the reae-

tivity effeets associated. wlth pressure variations, if they are observable

at all, will be easily handled. by the servo control system.
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