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Combustion Engineering 1,000MWe LMFBR Safety Design

¥ x oM % |

Task I Report Tit, 1 37 M Modular Core & 1 0 MM Oylindrical Core D
WTHBENRTHT, £2OH 5 Best @ Modular Core & Sylindrical Core MBHMN
Tihb, ANLi 7520 Tiko D 2FBOME & reforence QOre a)?sﬁ%#;;jw;g_nrwao -
%ﬂ“éiiANL;75é07b46 reference core &F}?;stt'iaabto | _

ﬁﬁﬂmy‘l—wﬂ. REFLCRS b gkt 5 EMTBe 0 NR /A &:ﬁb\fb\%o v
BiNe bonded mixed carbide Th D, # fo BABHSSHLIE Undor Plug HR (A¥ 2757 )
Th b, ‘

L POERE
@ ETEE _ _
. reference core (X L/D = 0225 ®{RFcylindrical core Th 1, MBI Na

bonded mixed carbide Thb,

8/A Wall®HAHiC
Bg 0T U—Aff Moderaior

Blanket

~“reflechar

(10% over power R Max Allowable 'i‘emy. ) |
F‘ue‘.}. ' 1 2500°F
clad :1200°F -
® FIGEMM
oNa Void coeff. { BAKSK)
(100% sced & axial blanket) : ‘+'1.z'; 9- 5

o Doppler Coeff. ( T 4dK/GT)

Ne in ' o ' '+ —Q00D064
Na out ‘ ' © —00042
of TH )




@ Hot Channel Factors. [Task I #"ﬁ&f\!b:h'Ch\Zo i&“}‘.&’j?‘i%“z_jﬁ]

0 Operatlng Allowance Pactor

Over powér allowance ) Lo

Total flow allowance | ‘ [

Inlet temp allowance . . | _ 50°F
“ - Zocal §/A outlet temp-aliowance o 2 5.0’17'_'

0 Pesaking Factor -

Seed ( Radial PeaK/A_Vg > - I "1."2 17
- . Seesd '(';'—Axia,]__,:Rea.k/Avg ) . _ i | o 1191
. Seed Hot 874 ( Radial. Peah;/Avg ) | o4

Local flow reduction factor ( within S/A ) | ) 100

§/A total flow reduction factor Loo

0 HEHWAFEE Factor-(3e¢)

Hot channel Temp rise DHIE ' _ 10°F
874 rodial peak/Avg - | _ : 001

Local flow reduction o 010
‘Axiai power sha.pe o | 0.0 5. .
.:Fusl thermal conc‘iuct1v1ty - o ) 16% -

Seed radlal and ax:.al peak/Avg @ﬁ' - _’I_D.%-

Puol-dia, d.eansﬂ_:_yr composition T - 5%

Thérrmal 'ﬁower‘ﬂ.).fﬂ,ﬁﬁi ‘ L e GG

New bundles factor . | . 5%

Clad thickness . ' " 10%

Clad con.ductivity ’ ' 10%

Bond thickness : \ 30%

Bond conductivity . , ’ 5%

Na heat trans cooft ' | 259 -

2. HIERUCHEBER(AEC 70HBERS )
@ rod worth |
0 control rod 1% DRKU L4 BAK/E CHELB, (rodsjsssion )
o Total Worth <G 6.5 0 %AK/X _ T A
Shim~regulating ,By_star.n % Ta, T1 3211 ‘tot'&'l 2.9 U%AK/K'

Safety system (X B,CT 94 total 3.60%AK/K

0



0 Reactivity Requirement @R ( B AK/K)

S.R System Sa System

Burnup-— cne cycle 08463 0863
.Full to sero power |

Expgneion effect . 0080 noso

boppler # 0275 0275
Mancuvering & error allowande 0500 0.500
Operating to ¢0ld at zerd power

Expension effsct - hz47

Doppler N - 0274
Total - ' 272 24

& Buck up %&

Control . ED X5 200 system (ftﬁtd'z)o_ Drive {f Preumatic & Mech. ,
prima,rjr shut down system (I5E25HEREC H 5 satety rod TH ¥V, shim—
regule.rod # Backup system THdH, FiC detector A2 ins trument channel ~
safety rods ¥THA2DOO0FH Lz systen T HNTINE,

@ Core Protection |
O in—e¢oOre instrumentation

&£ 8/ADHMOE thermo conple K25 H 0, FDeignal i

() #.channel HORE O M€ =2 (2 protective action trip CEbN B,
0 local fuel failers '

3ODFHMD protection & k ;)'C : —Vcb prOpag;ation B <o

1) iﬁ%core themoconple ( COnﬁutér control )

2) reactivity meter |

3) F.P gas RU Delé,yed neutron &4k H

Na bond BTHhH7c cooland beiling A bond A% boiling THZ &5 E2 B

gz\g;bsy,ao ¥/, SBEPO sudden bond 1loss #f fuel melting % FTEEMEA

% OT bond OEHENMETS 5,

0 Fuel Failure & Damage Propagation

Fusl rod & fuel‘S/%fD%E%Hi,_Olad failure A rod to rod -~ propagate

L 7z Bk, Efc clad & fuel 'l'fﬁ@ loss of Na bond ZEI Wike T2 4Fm

b5, B fuel 8/4 if one .S/A'@F%fﬂﬁ']\l:l@é plugging AEL A WERRETT 5

&, B plugging /£ X % &3H boiling X ik fuel damage %, o 84

T p.rOpaget T HEIEC protection system K X DT A BBEHRE S,




( Table | EBEORFRTADLATNS )

TABLE 1

OF PROTECTED ACCIDENTS

ANALYSBIS
Signals for Protective Actioen Consequences of Failure
Primary Secondary Terittary Otners of Frotective Action
Time after
Type Time Type Time Type " Time Type Time Consequences Start of
{sec) (sec) (se0) (seo) . Accident
: (sec)
I Loss of Fiow ) . i
a Loss of all primary pumps| Loss of pump 0.2 Power/flow 2.0 | Subassembly 2.5 Mixed mean out— &5 Sodium boiling 100
pawer : outlet temp let temp .
. Low flow 5.0
Seactivity 6.5
b Local subassembly plug—
ging
1 Instanit blockage
{a) = 5 Subassemblies Reactivity{fuel 6.0 Coolant fissicn | 200 | Cover—gas fission 30.0 {#) 185.0 Coolant blockage 10-20
melting) products praducts and melting in
: adjacent subas-
: ' semblies
(b} 6 Subassemblies High power level 0.8 Reactiviiy{coold 0.8 | Subassembly 12 Mixed mean out— 4.0 10-20
: ant void) outlet temp let temp
(b} 15.0
2. Blow blackage No damage 1f detectied by subassembly outlet thermococuple and cscillaltor
tests. If not deteoived, condifions would approach thase .above for in-—
stantaneocus blookage. T .
¢ Failure of primary con-—
tainment .
1 Major rupturs (i.e., Subassembly 0.1 Sodium level 0.5 | Reactivity 10 Leak detgction 10 Sodium boiling 2.0
dauble—snded pipe outlet temp ’
breakicheck valve
fails) , I
2. Miner rupture Sodium level {c} | Leak detectlon (c) If not corrected, this accident can result Sodium boiling (c)
in the same effects produced by acci-
dents Ia or Il with similar protectivs
- action.
I Beactivity Ramps ) . )
a Control—-rod sjection High power level 0.2 Bubassembly 0.4 i Mixed mean oui— 4.0 Reaciivity 0.2 Sodium boiling and 15.0
(single rod) cutlet temp let temp Power/Tlow 0.2 fusl melting
b Control-rod wiithdrawal
(all rods} o )
1 At full power High power 1level 4.8 Subassembly 4.0 | Mixed mean out- i1 Power/Tlow 5.0 Fuel melting 200
outlet temp let temp Reactivity 5.5
2. 8tartup conditions Variable high 7 35 Subassembly 770 | Mixed mean 815 Period 7382 Sadium boiling 84.0
power level asutlet temp ogutlet temp
¢ Gas bubbles Entralned gas —2.0 High power levsl 0.1 | Subassembiy 0.4 Reactivity 0.1 Sodium bolling in 0.2
level : - outlét temp affected subas-—
semblies (if
Z.23 £t* bubble)
4 Subassembly drop in Provide ample Criticality PFabrication Pre-refueling CAccident judgzed
critical core during re- ‘'shutdown checks checks enrichment incredible
fueling margin checks at re—

acbtor plant

ta) Reactivity (coolant vold) plus coolant fission products or cover—gas fissilon products in coincidence,

(o) Fission products — coclant and cover gas.

(c} Depends on the rupture.




(ERABEK)
a) Credible Accidents
"(1) Local S/A plugging
(2) Gas bubble accident
‘b) Hypothetical Accidente
" (1) ‘Gére meltdown
{2y Groes 'cofe’"fvoidiﬁé '
{ Ha bond fuel failure )
Loss of bond (1) sudden loas — gross fuel melting
(2) Alow—loss — swelling T gap D% groes melt LILE
B 7, R '
WIAR LS clodding failure X#ED, propagate L L7/twWwk 5 iC designl 5 5,
LA L molten fuel—Na RIGE2WTiEAEE, '
o Locael 8/A Plugging ‘
Na Void & #4%3 % Credible Accideént
() oOne on . few S/4 O coolant bldckage.
(i) Coolant H~AD Large éa,s bpubble EUJ?EA :

(110 F i (B plugging VBB R R RS 2 TEE RS B 4, Void
Condition & 738’4 channel & & % i [I¥8E Thermo couple TIN5,
SRS ATHLFERMILALE 8RS, 2~3KD6/A Void € &5 RISEMR
AEIEHET AE L gross system ELT Cﬂ%’fﬁ'ﬁjﬁ"%@mﬁdﬁ*bb\o g fu.el
damage R BRI RISEMME LTHAS WO THER W, BEERZ L E
D-damage 7 propagate LT;:G\J:_'B LB L THbH, ‘

() gas bubble H#H D FHik, K¥ 7% bubble MNERR core FEFEHEI AL E
boiling “DOHEEE TV, EORIGEHEL 18T heat sink 2% lose THZ L
EEZEDLEThy P LY 19D /AR ALDKET gas bubble MFBA X,
L2d core HC 15 in ( core @ 2/3 high JEEDVoid f:t%fii’}ﬂbi
failure EDL AW, 9 bubble DADI T 5 actual size 2.8 £t dia,

05 ft high &74d, Zhiddesign THoRFELHNS,
0 Grosa Core Boiling | ca
Na boiling € X% Gross Core Voiding ROWTIEMEA & LCHBT 5,
Voiding R L5 RIDEBAROEBNY R LRIZM 208 /sec 7B, ZOHGKEL
CTORBRGE L Ehoks & ?C@%_v-ﬁb » Core meltdown ECHELRSD o

....;2 3 —l
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Heat Transfer System

® - Loop Type ; 6 l00p—Anx. 100p

@

TREZRBED S bEERBSE2EFLLDOTn B,
[ ' ( Rea,ct:or Vessel !d: z’é)
-l ﬁ4m/7v N-BHY, Ei&#@%&rkmﬁ%/z
H ﬁ »V«»g?riNav«wmemBﬁm ﬁr‘1m$m
] A rXr b ) HERENDT, b:e%%ﬁs’iaia%’éﬁﬂzrﬁﬁfﬁméb '
<= . THEMO XAHUTEREND am&w
jﬂ‘ coreh U _Anx. coollng System
U‘ ¥rE %0 Natural convectlon o buckup &L THE
; RS

‘ifm .

Containmend Desigﬁ Bases

@ MHA

MEAELTHDCore Meltdown & {2)Gross core vouilng z%‘z_%)
( Core Melt down ) L

Core melt down &£ X Z‘)E"J%F@EE\E rump #i"“é 5 $/SGC é‘.ﬁ:‘s’bfx‘:q '
( @roeg Core Void ) CRrp) -

BEOCHBE abfmmﬁmkf&QQ S -

* {L-sactor vessal ‘T 1arge rupture %:ﬁl-li )\.l:l/ v Aﬂiﬁi'é:ﬁséo (2}@%%@%
@3 = @}hamvudﬁwr??¥“de~"“N%bMﬂ”@?yc“é @na super
heat#® 2 1 5T &4 5, o | .l
o ggMQﬁ?&.&fxéb'

{ Bothe— Tait )

PuCc—UC A D Crical, Constant . 0—447D°K Pc—.1490atm, Vc-—é?cm“/

mole, Z=0.27 Krﬁznmp—65$/bec(wmAK EXPLOSION)

300MW sec D Availaeble Work é:?:t?bc.
@~@7i L
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General Electric L000MWe LMFBR Safety Design .

¥ oz on & | |
Follow-on Study @ Task I #F0LEE LR bDTh B, 2 Z&ILConservative
Design & Advanced Design ZMRE SN TH O, FHEHKC A ¥ 7 BTREREFR L Hot
Cell Type Td %, ANL—7520 @ Refference D‘esign & Advanced Design &IiF ¥

FL _ o
6] Conservative Design ; KD Void CRBISREHAED 185 L5, BELD

k4

EET, MRDETELEORBINE B EIET D, Wl2IEBOR LS T 5 —d 5,

RNy — B L TVoid Coeff %X T5H,
Building Design TiXCold trap Voult TONa KK&ZE2 B, Lotk on T,
RO R TR B Ht | | ~ |
@ Advanced Design ; MM F&MILL T, LWL Void & ABMAGRELZAED B o,
Building Design Tt Na kKiX&EET, MOEHZLTCLREOCF PHHEED KW,
ZEECO T, SROFW EOESFEPELTWS, BT

L GEVE &1 _
Q) Satsm Ad. D_esign _ . Con. Deeign
ik S 818— ' 1103 :
£ S . N R . -
h :8 l\\‘\j
L T

( Damage @ Critiria )
a BARHFFFLMBAMLOne S/A B ET, gross fuel cladding failure M5 &

HEShBATH B, |
b REEERC e I%, 1D fuel pin RROFHE i hif gross cladding damage

EETLEEL D, . o
L MBI - bPDaxial cross section ®5 0 %45 sec BIANCHEITS &%,

2. RMcladding BEN1 62 0 F2Lrbdex,
3 Cladding tenp & pin WFEA pin rupture %2 5 & &,
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® RIGERH

Ad. Design Con. Design
0 Core Geometry Effect (HAK/H) '
Axial fuel growth ' —0146 ' S —-0099
' Radial cors growth - S Lgas —065
' 0 Doppler Goetf (—T ak/ar) A
Na in R " no076 TPy,
Na out ooos0 - 00045
o'Na Void Resctivity ($) f=00035
’ Total Core & Blankets : . 250 B —008
Max (% height 80v/0) - 600 I 285 .
'“"féhémBﬂhdle‘Maxi 'l - - 008 -
& Core Peéking Factor - ST
6 Power - R
Axial Distribution R T Y
Radial Dietribution B 122 . 123
Control Rod Flux Depression . L35 105
Shift Factor |
{ fuel New,ﬁorAﬁerage Facta) .kDA-' 109
Hot Spot Factor (FFEFEHE) | 105 .05
'Ovsr Power-Allowancé: ’ 110 | L10
Total 189 182
o} GoolantrEnthalpy -
.Radial Power Distribution 122 123
Control Flux Dipression L05 o ios
&/ shits - S T o 099
S/A Flow Distribution Bffect s g
U Orifiling Bffect “peo 0 Then
Hot Streem ( FfEEH:) ' 106 ©owos
Cooland Dibution o |
( leakege & radial flow) . ¢ - 102 SRR Y
Totei Y T

( over all peck to avarage power density )

re—



2. BIEHROEER

@

" rod worth & - ' Aa.(22in¢)

o No. of Control Rog (& D
Burn—up Control (T4) ' g
Scrum © - # . . (B,C) . S
Total ¢ oo S _ 31

0 Ave. Rod Worth ($) - ©
“Burnup Control . oo S w040

* " Qcrum Control - S 067

o EISEER ($)

( Primary System )
Burnup (Refuelia Cyclse) . Lé1
(6#H :110000MA DT)

Cold Shutdown' — Pull Power F 493

Max Rod Worth (One Stuch Rod): : ' 10§ . -~

Worst Credible Sodium Void

One S/A @ Puel Compzction 03:0 5

Shutdown Magin' RSN : . . 1507

Contingency { 20%) .89
Total _ 1134

( Backup -Sys tem )

Cold Bhutdown — Full .Power 493
 Worst Credible Sodium Void - . - 008
© Fuel Compaction. .~ . SR 030

Shutdown Margin 150

Gontingencfr {20%) ‘ 134

Total St E—D—f?'_-

Grand Total - " 1945

(%) Cold Shutdown — Full Power Operation DPIER

Fuel DOppler_Effec_zlt_ —359
Radial Expansion ‘ 7 —'1.2 ?
Cladding Axial Exzpansion +[li l1
Fuel Axial Expansioh_ ' —0é8
Sodium Thermal Bxpaneion +052
Total — 4.9.3

b

Con.(30ing) *

37

55

053
0és

789

- 5.2:6.
105

Q08 (one S74) - 2,6 5(80v,/0 core)

~0.20
50 . .
570 .

2225 .

5246
265 -
0zo
k50
.92
.=1 153

3378

—317

-198

+008

—n42

+0z23
—526




@ Buck up Systeﬁ ( gD
- Drives Element,.@%#iﬁi&'ﬁ”im
@ core Damage Prote‘ction‘ 7 _ 7
o Ad. Design (i local fuel failure L, Ma;_‘j‘?r Meltdown 2B é_qmpac tion
B B HIIC Core % shutdown L propagation %_»lfﬁk'o o
local fuel failure T, mgl_fen U0,~Na reaction ﬂiﬁﬁb&b\&%bi propa—
gation iLFEEEC WD DL TH D, Mo Channel ezs{gzsmc 1 0~1 5sec M ANB, ¥
fz One channel ND pin K 735& ‘J 7o { & A damage T HET, lOcal pr0pagat10n
T HDRITIhL L, '

Ad. Design T7%S/A &L&Nf, Molten fuel—Na reaction D¥RFEDEDH L

slow propagation type Higd allowable damage %9

fody 874 wall 4 k94 AT & T channel t0 chanunel @ propagatioh VLEE T
X3, . .
o Con Des:Lgn T Meltdown Trays & Blast Snleld z’h’ﬁ‘ﬂﬂl’é J}’L'C )
o] Safeguards Instrumentatlon
( con. Design ) . :
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