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Maintaining Hiph Pressure System of the HRR at Temperature Aftep qup_

Summary:

It hae been suggested by Kasten and uthers“‘} that the HRR be shut dowm by
partizlly dumping the fuel solution and allowing the remainipng fiseion product
decay heat to keep the high pressure system at temperature during shutdown., An
investigetion of the ftechnical fenslbility of thia suggeetion le the subject of
this report.

The regults of this prelinivery study indicate that such an ides 1s Tessible
if the high presswre system 1a kept at-an egquilibrium temperature in the range
350=390"F during shutdown. A fuel soluticn holdup of 9,600-11,500 liters (7.7-
9.5 kg) i= regquired., A mipinvw of 9.5 Kg will make the reactor go critical et
390°F; sbout 8.7 Kg et 350°F. Moet .of the fuel solution will be in the return
pipes to the reactor. The possibllity of en incident which will traosfer fuel
to the reactor and establich & new critical geametry with & emaller fluid and
fizsicpable wateriel inventory is exiremely remote. A deteiled muclear study
is required; bhowever, to select the safest equilibriuwm temperatore.

For initisl design of the HRR, an equilibrium tempersture of 190°C {374°F)
15 selected. A fuel boldup of about 11,000 liters (8.8 Kg) is required {(critical
aess, 9.3 Kg). The maximum heat demarpd on the systen two days after shutdown ie
about 240 Kvw; 207 Evw direct heat losses and 33 Ew evaporeticon reguirements for
gas dllution, A D0 make up of 6800 liters 1a required during & two day shutdown
to maintain constant fuel copcentration. Witk a gas diluticn t0'5 mole percent
D., amd gubsequent venting, there should be no explosion bezard. Removal of heet
iﬁ* exceas of the requirements for vepting and heat lossee can be accomplished by
contrelled bolling at a lower pressure In cne or mere of the heat exchangers.

“Tntroduction; _

If 'the BRR 1ie to be subcritical for all conceivable situations during shute
down, somes limitatlon on fimsionable materis]l holdup in the high presswre aystem
ig required. A ouclear study of this problem ham not been made. For the pur-
poses of this Inltlal atuldy, it iz assumed that If the bholdup of flsslonable
naterial is less than required for reactor criticality at the holdup temperature,
the system can be considered adequately safe. The question of technical feasibillity
then becomea that of determining if the amount of fuel seluticn heldup required
to make up heat losszea apd veoting requirements is conslistent wlth restricticne
on fisslopable material inventory.

Heat Losses:

Hent losses from the high preasure aystem of the HRR are due te natural
convection and radiation from the reactor, piping, pressurizer and heat exchangers.
The piping, pressurizer, and heat exchangers are insulated (90% effectivs). In
the final deslgn, the reactor may ¥ covered by a blast shleld, but i1 15 assumed
that cooling of a blast shield will produce the same net loses Ifrom the reactor
veasel as c%ﬂ&d natwral convection apd radlation. An amblent alr temperature
of 150°F (6107R) around the syotem ia maspumed. In the Pinal design, space coolers
or cocling coils in the concrete walls may be required to meintain this tempera-
ture, Unlesg the air veloeity is merkedly increased, this will aot alter the
convection ecoefficients.

L
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The average heat transfer ccefficient for natural convection from large
pipae ip cbtained by assuming the uppenr half eylinder to be a horizontal platie
"fat:in; upward and the lower half :::.rlindar a herizontal plate facing dowvmward,.
This yields about the same averapge coeffliclent as obtained by assuming half -
cylinders taken about a vertical axis to be short vertical plates, This coeffi-
cient obtained by this method is scmevhat higher than cbtained from empirical
equations whi.ch correlate pipe dismeter to the natural convection loes. However,
these equations areé not consiﬂerud m.:c;urn.te fnr very Mrge pipe diamatars. '

The netural convestion coefficlent for the reactor gphara {s obtainad by
assuming the uppsr hemisphare & horizontal plate fasing upward and the lower
hemisphere a horizontal plate facing downward. Thisz yields & slightly larger
',goerﬂt;.ent than obtained assuming hemispheres taken about & ?ertical axiz to

be Long- vartical plates,

L

“The heat transfer r.:neffé?ient for losses by radiation from the high Presswre
syst-em can be expresacd ng:

- y
hr = c‘:‘n.lﬁ&!(—):_w g; - (I:%—) : J
e

hr - rediation heat tramsfer coefficient, B/br #° °F

€= emlselvity of hot swrlace

1
T, = tenpersture of enclosure (ambient), °R

I tenperature cf hot Bwfq_ce, _°R

eniasivity of Type 347 siminless siesl plping in 'thf ture rnnge
JC0-500"F is eptimated on the basls of data given by Mchdems 31 “te be 0.50. T
emleelvity of the cerbon eteel reactor vessel ls pwrposely meds Ligh ailnce cmling
of the outside wll is desired- A value of 0.8 is used. 4 wvalue of 0.6 is used
for the carbon steel ahells and drums on the bent exchangers.

1 ﬂhe average hT“ transfer meﬂicient for losses by oatural coovection can
e exrresscd as; { -
0.25.
7,)°2

B,

0.29 '[Tl -
h

: <
Tl__a.nd T, = defined previously

vatural convection heat tramsfer ccefficient, Bfnr n? °p _

" Om the basis of theee equnt;l.una the following heat trnnafer cueffif::l.ents
Bre obt.aiued '
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uhlaymemp.' JHatural Radiation {hr)
Convection (he} _ Reactor Piping Heat Exchanger
3000 1.02 1.81 1.13 1.36
350 l.09 £2.03 1.27 1l.52
Loo 1.16 2.27 1.42 rﬁTa
450 1.21 2.52 1.58 1.90
482 1.24 2.71 1.69 2.03

The total heat loss, Q{B/br), from any component of the high pressure systen
cen b= expressed as:

LI
o

Q= {(hc + hr}a {Tl - TE}

vhere A = area of hot surface, :E"I;E

The following areas represect the beei esiimate now avallable for the high
pressure sysiem. The reactor preesurizer ie incliuvded in the piping area.

Reactor prln] ItE

Piping 2300 £t°
pu

Heat Exchangers (6} 3100 £t°

The total bheat ioss fram the hilgh pressure Bystem with the piping sod heat
=xchnngers‘ “insulated 1s estimated to be:

Wall Temp. Reactor Fiping Heat Exch. Total Heat Loss
°F _gzg__ B/hc(10%) ms.tmﬂ_ KW
x10° x10°
300 2,21 0.72 1.10 118
350 3.04 1.06 1.61 174
400 4.16 1.50 2.20 239
450 5.82 1.88 2.87 310
48z 6.81 2.18 3.34 360
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Decay Heat:

The mmount of avallable decay heat in the HRR fuel sclution after cghutdown
from the shorteat contemplated aparat:l.ng*c;rcle of tws weeks, apd after shutdown
from an infinite tim= at full power, 1is:

Mme After Shutdown Decay Heat (MW}
Two Wk3, Infinite
10 sec. L 18.4 20.5
100 sec. 11,0 13.0
1000 sec. 6.0 8.1
k 1 bour 4.3 6.3
1 day L.k 3.4
¢ daye 1.0 2.9
4 days 0,8 2.5

Gas Production:

';he %? production rate l:vl} in & resctor cperating at & power level of
Pn KW is:

vl = 3.5 x 109 P_ ceD, (STP) /sec.

" This ges production iz due primarily to fission prodwct recolls (G = 1.67
molecules/100 ev.). After reacter shutdovn the gas production ia dume wmostly
to betns end gaomss (G = O.45 molecules/100 ev), Therefore, the gas production
rate (v} due to & decay power level of Pd!-ﬂf alfter reattor shutdown is:

v = ko Py ce D, {STP) /sec,
- 9.22 x 107 B lb-poles D,/scc.

The radiclytic ’msea are comdng off 1n steichicmetric propertions,

b

* pata supplied by D. R. Gilfillen.

* 433 (005



G.

{as Dilutlion:

According to the beat avallable eat:l.mteu*, if the radiolytic gases coming
from the fuel solution are diluted with vapor phase fo about 5 mole parcent D,
the mixtwre should be nonexplosive, In order to malntein thie dilution rate gnd
purge the radiclytic gmses from the high preasure system at all timea, it is
necessary to vaporize part of the holdup solution for venting to the dump tanks.
T™he amount of vapor required ie calculated on the bagie of gas generation from
decay heat after tvo veeks of operation &t power. 3ince gas generation rate is
direstly proportional to available decay heat, the time of remctor cperation is
wt important. Heat loseges due to conduction and convection govern the chofze
of short-time operation as a wvorst comdition.

Time After Shutdown Gag Geaneration Vapor Required
1b-moles I&EI gac. 1b/hr
x 1ﬂ'§|
10 sec. 169 2430
100 gec. 101 1450
1000 gpec. 55 792
1 hour ko 576
1 day 12.9 186
2 days 1 9.2 133
Average O to 2 days 250 1b/hr

The sverags vapor reqlirement of 250 1b/hr results in an average DED loan
of 142 liters/hr or 6800 liters in & two day period. Thie 1osg is made“up by
condengate feed from the low pressure eystem. After shutdown from an infinjite
period of operation at full pover, an sversge vapor rete of 506 1b/'hr i1s required
(13,800 Iiters D0 4n two days ).

Sinca tha heat of vaporization is highest mt the lowest tempersture, the hegt
required to supply a given amownt of gas dllution vapor will be & paximum at 300°F.
The percentage of available heat required for gas dilution remains abeut ceonetent
with time after shutdown. Therefore, me m worst condition, the hesat required for
gas dilution pricr to reactor startup (2 days after shutdowm) ia:

I, Splevak, personal communication,
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Equilibriyve
Tenperature

Criticel Maaz:

oF

350
400
450
482

300 -

Beat for CGas Dilution

KW

-
31* .

32

30

29

The amoynt of fissionable material {U=235) required to make the HRR go

critical ia:

Cﬂtiq% Temperature

300

350
400

450
K82
HolﬁuE Rem.l__itﬁnants:

Thi decay heat available from the entire fuel solution 1s 1 MW (.0217
,waliter} aftar a maximm shutdswn time of two days following a reactor

_operating period of two weeks,

Critlcal Mags Reactor Loading .

& U-'Eijfliter Kg !lé:ﬂﬂﬂ litam!

0.54
0.58
0.6k
0.72
0.80

8.1
8.7

8.6
10.8

12.G

If decsy heat from boldup in the high pressurs

i gyatem 18 to mmintath a given eguilibrium tempsrature and supply the venting

. heat requirements, the follewing minimum holdup volumes are neceasary:
, Equilibrivm Heat - Minimom Fipaionable
Témg;rature Rem%uiraﬂ ﬁtﬂd&g -EhteriaK; Holdup
. 300 154 7100 5.7
350 206 9600 7.7
400 271 ' 12500 10.0
150 o 15600 12,5
h\ - lBe By 17900 14,4

Data supplied by D, R. Gilfillan and C. W, Nestor, ¥
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