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TABLE 1

SUMVARY OF FUEL THERMAL CALCULATIONS

Core Power Density (kW/ft)

Standard rod

Average 11.3
Peak 21.0
Spiked rod (maximum) 25.0

Fuel Temperatures (°F)
Standard rod

Cors gverage 2000
Pesk centerline ' 4550
Spiked rod {pezk centerline) 5000

eat Transfer Coefficients (Btu/h-ft°-CP)
Fuel-to-cladding gap, hg

Average core position 1000
Center of core - 2000
Spiked rodg 2000
Cladding~to-cooclant film, hf 8400
Fuel Cladding Temperature (°F)
Standard rod
Maximum 1600
Average 800
Spiked rod
Maximum 1050
Averasge 850
Power Peaking Factors
Axial pesk-to-average 1.24
Radial peak-to-average 1.47

Local peaking factor 1.01
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TABLE 2

; T SEE o g e
HANDLING ACCIDENTS WITH SPRCIAL CORE ITEMS (Tinitial 3507F)

Maximuam Maximum
Reactivity Fuel o
Item Worth (%) Temperature ( F)
Normal Fuel Rod +0.39 890
Normal Fuel Rod (Wet Critical) +0,46 1020
Guinea Pig Rods +0.51 1100
B4C Rods -0.7 1470
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TABLE 3

MARGINS ON ROD HOLD-DOWI FOR SEFOR CORE

Rod Weight Opward Force(a)

Type of Rod (1b) (1b)
Fuel 15 5.7
B 11. Wi

f 9 >
Stainless Steel 15.0 5.7
Depleted UO2 17.0 5.7
Poil Holder(b) 8.6 _ -
BeO Tightener . 10.0 o'l

8. Hydrodynamic loads for rated flow through the core.

b. TUsed only during wet critical testing.
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MAXTMUM COCLANT TEMPERATURES RESULTING FROM

TABLE 4

VARTOUS LOSS-0F-CCOLANT-PUMPING~PUWER ACCIDENTS

Auxiligry

Main Coclant System Coolant System Maximum

Primary Cooclant
Fly- Second~ Second- Temperature Time
Case Scram wheel Flow ary Air Primary ary Air (°m) (sec)
1 Yes Yes NC NC &C 0 - - 870 10
2 ¥o Yes ne KC NC 0 - - 1250 80
3 Yes o NG NC e 0 - - 1450 15
4 ¥o Ko NC NC NC 0 - - 1600 15
5 Yes No 36 100 100 5 5 5 g00 4
6 No No NC 100 100 5 5 5 1480 15
7 Yo - 100 NC 100 5 5 5 900 150
a No - 100 100 e 5 5 5 500 150
9 No - 100 100 100 C 5 5 830 2
10 o - 100 100 100 5 ne 5 820 -
11 Ne - 100 100 100 5 5 NC 820 -

Notes:

a. A flywheel igs used only in the Main Primary Coolant System. It
increases the flow decay time constant from 1 second to about 40
seconds.,

b, NC indicates natural circulation as determined by hot and cold leg
temperatures.
loop and from 10% to 18% in the main secondary loop.

The amount varies from 4% to 10% in the main primary

¢. Numbers (0, 5, 10, 100) indicate percent of coolant flow, with 100% -
design value of coolant flow.

d. Reactor power and fuel temperatures decrease in every case.



TABLE 5

LO38-0F-CO0LANT-PUMP ING-POWITR ACCIDENTS

Table 4
Reference
Accident Condition

1. Loss of Site Power 1,2, 3, 4

2. Loss of 50% of power to main 5
primary pump (one winding out)

3. Loss of 100% of power to main 6

primary pump (both windings out)

4. Loss of power to individusl 7, 8, 9,

10, 11

coclant systems

_(cage)

Conments

Loss of power results in only a
mild transient temperature
effect under normal conditions
(Case 1) and falls marginally
short of sodium boiling under
the most savere conditions
(Case 4).

HModerate increase in coolant

temperature.

Primary coolant exceceds design
tempersture of piping, but does
not cause pire failure Reactor
scram will reduce peak temperature
150 to 200°F,

Small effect on primary coolant
temperature. Reactor scram
advisable, but not required for

salfety.
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TABLE 6

CORE INVENTORY OF FISSIOW PRODUCTS AND PLUTCNIUM

Plutonium
o (2) _ Inventory
Decay Pission Product Inventory' -’ (megacuries) { grams)
Time Noble (ases Halogens Volatile Solids  Other Solids Pu-239  Pu-240
10 m 5.2 4.6 6.0 37.1 390.000  36.000
15 m 4.6 4.3 5.4 54.3
30 m 4.3 4.3 4.3 31.4
lh 3.7 4.0 3,1 28.6
2 h 3.2 3.4 2.3 23,1
10 h 2.1 2.5 1.7 17.7
14 1.5 1.7 1.4 14.9
24 0.8 1.0 1.1 12.6

a. TFor 500 days irradiation at 20 MWt.
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[ Fission Product Refention in Sodium—A Summary of Analytical and Experi—
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TTa YA LT TR YRBCHAMTTORIZED AT -2 LD2TERENDS,

L OME
2. RFHEE (o /cen?)
3. NTEE

()

RodenbushfRNF X FHTHIEL,
Frz7ey vRBEREC Lo THRECHBET S . 1 LBLNERDZIT o S LBRET Do |
FTkEAKTFR, COEETHRSED  EECIAIRBFS , BRC L - THET . 01~
L0 LBRDMTFE , WERELNE (, Stokes MPETHEAdn, —(C, THOBENKES
ORTFH L HERFFCEE LCRERRNFELES. |
BHEN SHENEMTFORETIROBRECL D,

Material Redius(microns) Weight Concentration(mg m)
Stannic acid 01 15
Resin(blown) 01 ' 15
Regin(unblown) 017 15
Ammonium Chlorids 0 é 1
Ammonium Chloride 013 16
Ammonium Chloride 18 60

ChEOCF - 250, HFEEXL 2 £CHEELLC

(BFHEE) (n/cc)
traya, B ER , EORTRIBES 107 0 /ool bins &, AEAREC L -
T, REELE B, REHRALRCTET,
Ammonium chloride (10~15)x10% nscc
Cadmium oxide (10~67)%x10¢n,/cc
(nREFHEERDT, )
LSRN FRE®25x106n /cct#EELL.

(NTEE )
ABLAYENTBER . BEOCLEOBENEEL 1 DR ONAI(RDE, =T R )"ﬂ’_@fgﬁ&@
FEOBEO kLY , LTOMzoWwTHRLE, '

(k) Rodenbush, W.H., [Handbook on Aerosols, National Defense

Research Commitee, Chapter 4 J.



Material Normal Deneity Aerosol Density Fluaffinese Factor

Lead monoxide (gm‘{csc‘)s (gna/gcz’) ao0¢9
Antimony trioxide 557 063 011
Arsenic trioxide 37 4 071 019
Aluminum oxide 370 018 005
Stannic oxide 6.7 1 032 085
Cadmium oxide 6 5 0.5 1 ao

Mercuric chloride 5 4 127 0 2

Mer cury 15 6 17 12
Magnesium oxide 36 035 0140

r ztfluffiness factor ¢ik, BEOCBGFECHT T Y ABEOKE LTEEIN
Thb, COEORBER L1 1 &% D , PuR{DOAEEER~10en/ccTHBDT, ITH-
PuB{ki D FHAEEIRH 1 1 gnee

( ERRE)

W=—§— r ( 2x10%cm )3« (Ligmree) » ( 25x10% n/ce )

9.2 x 108 gmsce
=009 2gnm

SEFOR M- HZEMBE L LT LETMQ 1 gn/md AAERAINL,

O, Pal bR TR, BREI N FLOMENLTESATY ), PuRRitOEeaE L
T, AEFELO Pu 0EREY HaTnd, ZohHRiE Pu—239 , Pu—-240 (2 LTREND 07
L0000 64THE, 7+—AT7Y MEBHAOSFHMR , TEOXRRIOIBOILIOT, ThE
rr b REHA Ty ANEHBENRS 0 3 oFERRB4I~5RHTHdLBEIN TN,

AN AI TR bR N KERBOTF - 2WRCL5E, NaBR{WEDN 7+ -2+ TV }
¥ 1O -—FTH D,

PufSEEHHAR , COBRCFOAOPUEERKC L ETWTER D , FNHPRIEMFHFOEKRC I
o> TindINsg,

Table 7(=, 1RKEMERKNF . P L PunBEMZEERT,

Nog — 2 4DFELRINTE 0, Ny — 2 4 ORHFHERE 0 1 cifEn, =78 e 0ign/md
o @1t e LCRIEINERERLESBRETH -,

(23] Shytlaw—Gray,R.and Patterson,H.J.,[Smoke,A Study of Aerosol
Dispereion Bystems. | Edward Arnold Company,London{(1932)
¥ .Lauben,d.N,.,lInitial Experience with Large Sodium Fires

(LP—1).] NAA-SFR-12041 {1966)



TABLE 7

ATRBORNE FISSIOF PRODUCT AND PLUTONIUM INVENTORY
FIRST CONTAINMENT BARRIER

Plutonium
Inventory
Decay Figsion P?odu?;)lnventory (megacuries) !gramsz (v)
Time Noble Gases Halogens Volatile Solids Other Solids Pu=239 Pu-240
10 m 3.5 0.031 0.60 0.110 9.12 0.84
15n 3.1 0.028 0.52 0.095 8.94 0.84
30 m 2.9 0.015 0.40 0.090 8.52 0.78
1lh 2.5 0.007 0.28 0.077 .71 0.72
2 h 2.1 0.003 0.16 0.049 5.16 0.48
10 h 1.4 2.8 x 1077 0.04 0.013 1.26 0.12
id 1.0 0,006 0.002 0.09 0.007
24 0.5 0.0066  0.00006

a. 30-minute fallout half-life used
b. 5-hour fallout half-life used
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464000ft3 Thd, | REMENRERIANE 1 0psig T2 46FH% Y , EFEHN 2 0
%, 2 BIRMIBERNE 3 0 peig T2 4BEM% b, 25 2 2 BELCEFFHERLINTH S,
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INNER CONTAINMENT LEAKAGE RATE , FRACTION OF CONTAINED MTL/HR x 103

_—
<

ACTUAL LEAKAGE RATE USED

SQUARE -R0OT LAW

TIME AFTER PRESSURIZATION ( MINUTES )

FIGURE 25 CONTAINMENT  LEAKAGE RATES

~  —-—IERCONTANMENT T/ //\ \ .
———— OUTER CONTAINMENT RBULENT Ly
/
B /S |
J \
/ﬁ \
i < \ 1
— 27 \
- - /
[ | | | | | | | |
20 50 0 20 50 g0 2000 5000

24

2.0

1.6

12

OUTER CONTAINMENT LEAKAGE RATE , FRACTION OF CONTAINED MTL/HR x 104



TABLE 8

ATREORNE FISSION PRODUCT AND PLUTORIUM INVENTORY,
QUTER CONTAINMENT

Plutonium Inventory

Figsion Product Inventory (curies) (grams)

Decay

Time Noble Gases Halogens(a) Volatile Solids Other Solids Pu—239(b) Pu-240(b)

10 m 6,300 56 1,000 200 0,017
15 m 9,000 75 1,600 290 0.025
30 m 17,100 96 2,700 530 0.048
1h 31,100 85 4,200 940 0,09
3 h 78,100 65 7,500 1,940 0.20
10 h 181,100 0.02 9,900 2,730 0.28
1d 246,100 - 10,200 2,840 0.08
2 h 246,100 - 0.003

a. 30-mimute fallout half-1ife used

b, B5H-~hour fallout half-life uced

“TABLE 9

FISSION PRODUCT AND PLUTONTUM LEAKAGE FROM

OUTER CONTATNMENT BARRTER

1.6x10™7
2,3%1077
4.4%107
8.1x107>
18.8x10"°
25.6x10™7
6.4x107°

0.2%10™2

Plutonium Leakage

Pime Fission Product Leakage (curies) {(grams) 7
Tnterval Noble Gases Halogens Volatile Solids Other Solids Pu-239 Pu-240
0-10 m 2.9x10~% 2,7x1077
10-15 m 0.0062  8.95%107° 0.0019 0.00034 4.4x10°° 4,0x10™7
15-30 m 0.17 1,04x10“3 0.026 0.0050 2,9x10*6 2.7x1077
30-60 m 1.0 # 3..85x10”5 0.146 0.0311 4.1x10“5 3.8x10‘6
1-31  16.0 2.12x107° 1.66 0.410  3.8x07% 3.02007
310 h 370 5.25%10™ 13.8 11.40 7.2x10"% 6.6x107°
10-24 b 880 40.1 £.95 1.4x107% 1.2x1077
1-2d 840 18.0 -
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TABLE 10

SODIUM REACTIONS (INPUT SUMMARY)

Containment Syster Parameters

Heat

Hode

1

(=AY B S 1

~3

ft/h-lbf
ft/h-1b

5
0.04

0.04

0.04

Sodium Released 6,000 gal
Sodium Pool Area 405 sq
Inmer Containment Gas Volume 46,700 cun
Quter Containment Gas Volume 56,800 cu
Oxygen in Inner Containment
5 vol % Oxygen 183 1b
Normal Airx 768 1b
Oxygen in Outer Containment (normal air) 936 1b
Freon—-12 in Inner Contzimment Coolers 1,500 1b
Inner Containment Leakasge Rate 0.03112 lbm—sq
Outer Containment Leakage Rate 0,00285 1bmjsq
Transfer Parameters
Area {sq. ft) Depth (ft)

Inner containment concrete to ground 5,500 .

IC internal steel 15,000

IC internal concrete 3,600

I0-0C concrete barrier 3,550

0C steel shell to atmosphere 8,810

0C concrete to ground i,170

0C internal steel 5,000

0C internal concrete 144



Mode 1:

Mode 2:

TABLE 11

SUMMARY LIST CF 3S0DIUM REACTIONS CONSIDERED

Sodium reactions confined to dinner containment, with 5 vol g5 oxygen
a. Sodium-oxygen reaction
Sodium-oxyzen and scdium-Freon-12 reactions

Sodium~oxygen reaction and nuclear decay heat

2 0 o

Sodium-oxygen and sodium-Freon-12 reactions with nuclear decay

heat

e. Sodium-oxygen reaction and nuclear decay heat, initial inner
containment pressurization of 6 psi

f. Sodium-oxygen and sodium~Freon-12 reactions, initial inner
containment pressurization of & psi

Tnner and outer containments common to each other and both filled

with air

a., Sodium-oxygen reaction

b. Sodium~oxygen and sodium-Freon-12 reactions
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RESULTS OF S0DIUM CHEMICAL REACTIONS

TABLE 12

IN CONTAINMMENT SYSTEM

Maximm Pressure

Differential
Barrier psi
Inner 2.26
Inner 5.29
Toner 4.50
Inner T.4%
Inner 6.00
Inner 8,05
Quter 2.60
Cuter 4.30

Meaximum

Temperature (°F)

Gas

206
349
296
444
329
239
201

270

Concrete

111
138
152
159
133
160
108
120
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