Department of Energy
Washington, D.C. 20545

Docket No. 50-537
HQ:5:82:123

Mr. Paul S. Check, Director

CRBR Program Office

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Check:

SUMMARY OF THE SEPTEMBER 15, 1982, MEETING CN THERMAL MARGIN BEYOND
THE DESIGN BASE (TMBDB)

On September 15, 1982, the project and the NRC et to discuss
selected topics on TMBDB. Enclosure 1 is a summary of the meeting,
Enclosure 2 is the meeting agenda, Enclosure 3 includes the view-
graphs used, and Enclosure 4 lists the meeting attendees.

Sincerely,

K.

Jofin R. Lonjenegqker

Acting Director, Office of the
Clinch River Breeder Reactor
Plant Project

Office of Nuciear Energy
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Enclosure 1

YMBDB KEETING SUMMARY

On September 1%, 1582 the Project and NRC met to discuss the
sgends toplcs In Crclosure 2 concerning TMBDB. A copy of the
viewgrephs presented are In Enclosure 3 and tha attendees are
j1sted In Enclosure 4.

The Project's presentation of two sensitlvity studles of sodlum=-
concrete penetration rates was presented. These two studles uoso
a "Marglin Assessment Case"' end @ "Reallstic Upper Bound Case.”
The "margln assessment .ase”™ 1s an art)flcally contrived case to
bound all exlsting data on sodlum=concrete testing and to
determline the marglin In The ex]sting design for TMBDB. The
analysls of thils artlflclal case r#sults In a need to vent the
contalnment bullding at 10 hours enc Indlcates a need for minor
redesign In the reactor cavity.

The enalysls of the "Real1stlc Upper Bouxd Case" results In @
need to vent the contalnment at 22 heurs wlth no recssign needed.

Also, the Project presented results to NRC that the vent |lnes
from the RCB to the conta)rnment=-cleanup system may need to be
Increased to 3 feet dlameter from 2 feet dlameter to prevent
plugging from the sodlum aerosols durlng venting.

Durlng the meeting the Project accepted the .ol lowing actlion
jtems In cesponse 1o NRC questlions:

(1) Provlide a reference for sodlum serosols not belng
transported thru the sodlium pool to the RC vents.

(2) Evaluate the effects of nonax]symmetrlc convection
currents on the contalnment shell Integrity.

(3) Provlide Information on the locatlon of the purge and
vent |lnes and evaluate the possiblllty of short
clrculting.

(4) Provlide the reference of the Hydrogen Non=Stratiflcation
tests at HEDL.

(5) Forward to NRC a date by which the test results on the
Hydrogen Monltor Fllter wlll be avallable.

(6) Docket the "Margin Assessment Case™ In TMBDB '« the near
future.

7%/hr for 3 hrs then 1"/hr untll Sodlum Bolidry

. 7"/hr for 20 mlutes then 1"/hr unt!l sod!um Bolldry
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BRIEFING ON CRBRP

FOR THE

'BETHESDA, MARYLAND
'SEPTEMBEFH 5, 1982

AGENDA

e INTRODUCTION
e DISCUSSION OF OPEN ISSUES

- DESIGN MARGINS TO ACCOMMODATE EXTREME SODIUM-
CONCRETE PENETRATIONS DURING TMBDB

« SUMMARY REVIEW OF TMBD3 ANALYSES VIS A VIS SODIUM-
CONCRETE REACTION

e ASSESSMENT OF STRUCTURAL CAPABILITY FOR THE EXTREME
PENETRATION CASE

- CONTAINMENT EFFECTS DURING RC /ENTING TO RCB

POTENTIAL FOR PLUGGING DURING RC VENTING TO RCB
ASYMMETRY EFFECTS OF SODIUM BURNINTG

BASIS FOR NON-STRATIFICATION OF HYDROGEN

HYDROGEN AUTO-IGNITION CRITERIA .
SODIUM AEROSOL DEPLETION CALCULATIONS

SURVIVABILITY OF TMBDB INSTRUMENTATION

THERMAL MARGINS BEYOND THE DESIGN BASIS

NUCLEAR REGULATORY COMMISS!ON—CRBRP PROGRAM OFFICE

N. KAUSHAL

P. BRADBURY

G. FRESKAKIS

T. BALL

T. BALL

T. BALL

T. BALL

J. GROSS
M. McKEOWN




BRIEFING ON CRBRP
THERMAL MARGINS BEYOND THE DESIGN BASIS

FOR THE -
NUCLEAR REGULATORY COMMISSION —CRBRP PROGRAM OFFICE

" BETHESDA, MARYLAND
SEPTEMBER15, 1982

AGFNDA (CONT.)

« DISCUSSION OF OPEN ISSUES, CONTINUED

- OPERABILITY AND ACCESSIBILITY OF VENT, PURGE, AND CLEAN-UP
SYSTEMS P. FAZEKAS

e CONTAINMENT CLEAN-UP SYSTEM DESCRIPTION
- VENT SYSTEM DESCRIPTION
- CLEAN-UP SYSTEM DESCRIPTION
e CONTAINMENT CLEAN-UP SYSTEM TEST R:ISULTS
« DYNAMIC ANALYSIS OF CONTAINMENT CLEAN-UP SYSTEM

- DISCUSSION OF OPEN ISSUES IDENTIFIED IN AUGUST 17, 1982
MEETING OPEN
e CLOSING DISCUSSION :
- CLOSING SUMMARY AND CONCLUSIONS N. KAUSHAL
|

- SUMMARY OF NRC STAFF POSITION ' .
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BRIEFING ON CRBRP

THERMAL MARGINS BEYOND THE DESIGN BASIS

FOR THE
NUCLEAR REGULATORY COMMlSSION—CRBRP PROGRAM OFFICE

BETHESDA, MARYLAND
SEPTEMBER15, 1982

AGENDA

e INTRODUCTION N. KAUSHAL
« DISCUSSION OF OPEN ISSUES

. DESIGN MARGINS TO ACCOMMODATE EXTREME SODIUM-
CONCRETE PENETRATIONS DURING TMBDB

« SUMMARY REVIEW OF TMBDB ANALYSES VIS A VIS SODIUM-

CONCRETE REACTION p. BRADBURY
« ASSESSMENT OF STRUCTURAL CAPABILITY FOR THE EXTREME
PENETRATION CASE G. FRESKAKIS
- CONTAINMENT EFFECTS DURING RC VENTING TO RCB
« POTENTIAL FOR PLUGGING DURING RC VENTING TO RCB T. BALL
e ASYMMETRY EFFECTS OF SODIUM BURNING T. BALL
e BASIS FOR NON-STRATIFICATION OF HYDROGEN T. BALL
e HYDROGEN AUTO-IGNITION CRITERIA . T. BALL
« SODIUM AEROSOL DEPLETION CALCULATIONS J. GROSS

SURVIVABILITY OF TMBDB |NSTRUMENTAT|ON M. McKEOWN



BRIEFING ON CRBRP
ESIGN BASIS

THERMAL MARGINS BEYOND THE D
FOR THE
NUCLEAR REGULATORY COMMISSION —CRBRP PROGRAM OFFICE
BETHESDA, MARYLAND
<EPTEMBER15, 1982
AGENDA (CONT.)
« DISCUSSICN OF OPEN ISSUES. CONTINUED
. OPERABILITY AND ACCESSIBlLlTY OF VENT, PURGE, AND CLEAN-UP
SYSTEMS p. FAZEKAS
p SYSTEM DESCRIPTION

. CONTNNMENT CLEAN-U
SYSTEM DESCRlPTION
M DESCRIPTION
N-UP SYSTEM TEST RESULTS
OF CONTAINMENT CLEAN-UP SYSTEM
SUES IDENTIFIED IN AUGUST 17, 1982
OPEN

- VENT
- CLEAN-UP SYSTE

. CONTAlNMENT CLEA
« DYNAMIC ANALYSIS
- DISCUSSION OF OPEN IS

MEETING
N. KAUSHAL

« CLOSING pDISCUSSION
- CLOSING SUMMARY AND CONCLUS!ONS
- SUMMARY OF NRC STAFF pPOSITION
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CRBRP PROJECT

SEPTEMBER 15, 1982



TREME PENETRATIO
MIARGIN ASSESSMENT CASE

ENETRATION RATES CHOSEN FOR

THE EXTREME PENETRATION CASE WERE NOT
DERIVED FROM TEST DATA. |

e THE EXTREME PENETRATION CASE WAS
CASE WHICH

LY CONTRIVED AS THAT
N A NEED TO VENT AT 10 HOURS

ONCENTRATION MUST NOT BE

EXCEEDED.
SOLELY AS A TEST OF
THE DESIGN.

WILL CALL IT THE
CASE’ |

e THE CONCRETE P

HENCE, WE
‘MARGIN ASSESSMENT




COMPARISON OF UPPER BOUND AND
REALISTIC CASE TO TEST DATA

FROM HEDL-TME 82-15
VMAXIMUM REACTION PENETRATION (cm)

24 . s '
O HEDL TESTS ;
O AEROSPACE TESTS : /%’
20 - O ANL TESTS .
A SANDIA TESTS |
16 ﬁs

12

NOTE TIME SCALE CHANGE :
|

1 I 1 1 L AL
8 12 16 20 24 80 100

TIME (HR)




UPPER BOUND OF TEST DATA

e THE UPPER BOUND OF TEST DATA IS
— 18 cm/HR (7 INS/HR) FOR 20 MINS

-~ 2.57 cm/HR (1 IN/HR) FROM 20 MINS
TO 3 HRS

— 0.08 cm/HR (0.03 IN/HR) BEYOND 3 HRS
~ THIS IS JUSTIFIED IN HEDL-TME-82-15.

e THIS UPPER BOUND RESULTS IN TOTAL
PENETRATION OF

- 5.6 INS IN 24 HRS
— 6.4 INS IN 50 HRS



SODIUM-LIMESTONE CONCRETE REACTION
PENETRATION SUMMARY

PENETRATION (INCHES)

14
13- ® HEDL AVERAGE PENETRATION SET-14 0* LCT-2
12 - A SANDIA MAXIMUM PENETRATION .
A SANDIA MAXIMUM PENETRATION-
neE SODIUM LIMITED
10}
9 p———
- 3 LCT-1 ¢
7 -
6 A LS3 LCT-120
5 —
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SODIUM-LIMESTONE CONCRETE RE
PENETRATION SUMMARY FOR TIME
OF INTEREST (50 HOURS)

PENETRATIUN (INCHES) .

14
13- @ HEDL ESTIMATED PENETRATION AT 50 HOURS FOR
ot TESTS PERFORMED FOR 100 HOURS
© HEDL AVERAGE PENETRATION
11 4 SANDIA AVERAGE PENETRATION
10/~ A SANDIA AVERAGE PENETRATION-SODIUM LIMITED
9}- ﬂcr-z
o (DEHYDRATED)
7 cumnd
LCT-1
6 amand
LCT-12
5 SET-14 -
— LCT-
" CcDC-10 "
. ALS-2 Ls9 "o , LFT-6 0 SC-144sC-2.
ALS- v ATCH ooA/Boc.g Dt ¥
AN LS8 sces gg,,gSNB sc:; sc-13 $CDC-2
LS4 g .18 SC-18BLFT-4 L ;
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1.0
TIME AT TEMPERATURE (HOURS)



REASONABLE UPPER BOUND INCLUDING
CORE DEBRIS |

\F CORE DEBRIS IS PRESUMED AS CONTINUALLY
BREAKING UP THE REACTION PRODUCT LAYER (A

CONSERVATIVE ASSUMPTION) THEN THE
REASONABLE UPPER BOUND PENETRATION 1S

— 7 INS/HR FOR 20 MINS
— 1.IN/HR FROM 20 MINS TO BOIL-DRY

THIS RESULTS IN TOTAL PENETRATION OF
— 3 INS IN 1 HOUR

—~ 18 INS IN 16 HOURS

—~ 26 INS IN 24 HOURS

EXPECTED VENT TIME TO PREVENT 6% HYDROGEN
CONCENTRATION WOULD BE ABOUT 22 HOURS



TIME TO VENTING AS A

FUNCTION

ETRATION AT VENTING

OF CONCRETE PEN A

HOURS UNTIL VENTING

50

30

10

10
INCHES OF CONCRETE PENETRA

| |
20 30
TION AT VENTING



CONCLUSION

e THE CRBRP DESIGN HA
ACCOMMODATE THE

SODlUM/CONCRETE REACTI
RVED IN TESTS TO DATE

e THE MARGIN IS SUFFICIE

e WITH ALL THESE EFFE
NOT BE NECESSARY T

S SUFFICIENT MARGIN TO

'CONSEQUENCES OF

ONS WHICH BOUND ALL

NT TO ACCOMMODATE A
ON OF THE EFFECTS CF
/CONCRETE REACTIONS.

CTS INCLUDED, IT WOULD
O VENT CONTAINMENT IN

LESS THAN 22 HOURS.



COMPARISON OF UPPER BOUND AND =7
REALISTIC CASE TO TEST DATA

FROM HEDL-TME 82-15

MAXIMUM REACTION PENETRATION (cm)

24 . S
O HEDL TESTS I

O AEROSPACE TESTS :
20 o ANL TESTS
A SANDIA TESTS
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| FLAMMABILITY/DETONATION LIMITS FOR
HYDROGEN AND OXYGEN MIXTURES

100
IMPOSSIBLE
MIXTURE WITH AIR
80 - NONFLAMMABLE
L FLAMMABLE
~ 60 |-
o e
8 »hENE
o T DETONABLE
QO - HiHH T
S 40 it }(-
- = TN
HHHEH P NON“ZM
HHHHEH FLAMMABLE
20 | /1//
0 | 1 |
0 5 10 15 20 25

OXYGEN (%)



REVIEW OF VENTING CRITERIA

e THE 6% HYDROGEN LIMIT WAS SET

CONSERVATIVELY IN 1977. IT HAS RECENTLY
BEEN RE-EXAMINED, SINCE IT WAS RECOGNIZED
THAT ADDITIONAL MARGIN COULD BE OBTAINED
BY UTILIZING MORE REALISTIC LIMITS.

IN THE MARGIN ASSESSMENT SCENARIO,
HYDROGEN CONCENTRATION NEVER EXCEEDS 6%
UNLESS OXYGEN CONCENTRATION IS VERY LOW.

A MORE REALISTIC CRITERION FOR VENTING
WOULD INCLUDE CONSIDERATION GF OXYGEN
CONCENTRATION.
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CRBRP CONTAINMENT
UMENTATION

ELEVATION 970
~LEVATION 955 ¢ HYDROGEN

#} bl |— ELEVATION 902 POINTS
REACTOR
0
CONTAINMENT 'é%‘:.‘%mmm
BUILDING VESSEL
L& . ELEVATION 875 TEMPERATURE

. _ELEVATION 854° & REACTOR
CONTAINMENT

T
- o ATMOSPHERE
| l.— ELEVATION 833’ TEMPERATURE
.__ELEVATION 823 © REACTOR
. CONTAINMENT
-——-ELEVAT|ON 817’ PRESSURE

(] HIGH-RANGE
CONTAINMENT

- ELEVATION 733’ RADIATION
ELEVATION 715’




SUMMARY OF HYDROGEN MONITOR
FILTER TESTS

ATMO-
AEROSOL TIME OF

AEROSOL SPHERIC
TEMPER- LOADING EXPOSURE

NUMBER CONCEN-
CN ATURE OF FILTERS TO AEROSOL

OF TRATI
TESTS  GM/M3 GM/M22 HRS
¢ SCOPING 6 6-40 100 - 35 - 5600 50
TESTS 190 (5,000G
TOTAL)
e HYDROGEN 9 20 - 75 . 880-6110 10
FILTER 190 660
TESTS
e TMBDB -
CONDI- - 46 590 (1,400G 132
TOTAL)

TIONS



170 1

HYDROGEN SAMPLING SYSTEM
REQUIREMENTS |

SAMPLE SYSTEM DELAY TIME*
SAMPLE LINE SIZE*

FILTER PRESSURE DROP, MAX*
CONTAINMENT TEMPERATURE
CONTAINMENT ATMOSPHERE
OPERATION DURATION

AEROSOL CONCENTRATION
AEROSOL COMPOSITION
AEROSOL SIZE

REQUIRED !NSTRUMENT FLOW*

FILTER EFFICIENCY?*

ADAPTED FROM CRBRP-3, VOL. 2

10 MINUTES (MAX)

61 M (200 FT) LONG
6.3 mm (0.25-IN) ID

34 kPa (5 psi)
16°C TO 593°C (60°F TO 1100°F)
0-10 v/o H,0, 0-6 v/o CO,

500 HRS (WITH AEROSOL)
8000 HR TOTAL

46 g/m? (AT CV CONDITIONS)
Na,0,, NaOH, AND Na,CO,

AERODYNAMIC MASS MEDIAN
DIAMETER (AMMD) = 5 um,
o = 3.0

9
150 cc/MIN {(MIN|MUM) AT 150°C
(300°F)

SUFFICIENT TO PROTECT SYSTEM



TYPICAL DESIGN REQUIREMENTS

TMBDB INSTRUMENT REQUIREMENTS:

% ACCURACY
% OF
INSTRUMENT UNITS RANGE MAX VALUE
e CONTAINMENT ATMOSPHERE s 60-1100 +5
TEMPERATURE
e CONTAINMENT STEEL DOME o 2 40-700 +5
TEMPERATURE |
e CONTAINMENT ATMOSPHERE psia 14.7-55 +5
PRESSURE
e CONTAINMENT HYDROGEN VOLUME % 0-8 +5
CONCENTRATION
REQUIREMENTS ALSO SPECIFIED FOR:
e RESPONSE TIME e RADIATION ENVIRONMENT
e DURATION e ENVIRONMENTAL TEMP. AND

e CHEMICAL ENVIRONMENT PRESSURE



BRIEF DESCRIPTION OF TMBDB
INSTRUMENTATION PLANNED FOR USE
IN CONTAINMENT

HYDROGEN MONITORS |
. PROTOTYPE DESIGN CONSISTS OF FILTERING THE 5
S AMPLE LINES IN-CONTAINMENT. THE MONITORS -
ARE LOCATED IN THE REACTOR SERVICE BUILDING.

e THE PROTOTYPE FILTER DESIGN HAS BEEN
DEVELOPED FOLLOWING 6 SCOPING TESTS AND 9 :

FILTER TESTS.
e THE CHOSEN PROTOTYPE FILTER DES
OF A NICKEL POWDER FILTER AND SE

CHAMBER.
A ““BACKFLOW" CAPABILITY MAY BE PROVIDED TO

CLEAN THE FILTERS DURING OPERATION.
e FURTHER TESTING TO TMVEDB ENVIRONMENTAL

CONDITIONS 1S PLANNED.

- - . -



BRIEF DESCRIPTION OF TMBDB
INSTRUMENTATION PLANNED FOR USE
IN CONTAINMENT (CONT.)

ATMOSPHERIC TEMPERATURE SENSORS

e CURRENT PLANS ARE TO UTILIZE SEAMLESS,
STAINLESS STEEL SHEATHED, 1/8"° 2R 1/16”
0D, MgO INSULATED, TYPE K, UNGROUNDED
THERMOCOUPLES WITH NO CONNECTORS IN

CONTAINMENT.
e SIMILAR 1/8" THERMOCOUPLES HAVE

OPERATED 100 HOURS IN SODIUM TESTS WITH
AVERAGE TEMPERATURES BETWEEN 800-900°F

AND PEAKS UP TO 1200°F.

« NO FAILURES HAVE BEEN OBSERVED IN TESTS
TO DATE.



BRIEF DESCRIPT

INSTRUMENTATION
IN CONTAINMENT (CONT.)

TUBING.
i 1S REQUIRED THROUGH THE

e NO ACTIVE FLOW
TUBING DURING OPERATION OF THE SENSORS.

e SIMILAR DESIGNS HAVE BE
WITH UP TO 50 F1.

PREVIOUS SODIUM TESTS
OF TUBING AND NO PROBLEMS HAVE BEEN

ENCOUNTERED.



HAA-3 RPPLICATION TO HCDA AERJSOL ANALYSIS

J. F., Gross

WESTINGHOUSE ADVANCED ReacTors DIVISION

SepTeMBER 15, 1982



!ﬁA-B APPLICATION TO HCDA AEROSOL ANALYSES

Wuat 1s Tee HAA-3 Cope AND How 1s 1T Usep?

How Does HAA-3 Woxk? -

WHAT AsSUMPTIONS ARE ImpL1ciT IN THE HAA-3
CALCULATIONAL TECHNIQUES?

WHAT ASSUMPTIONS ARE ImpLictT IN THE HAA-3
InpuT DaTA FOR HCDA ANALYSES?

Wey 1s HAA-3 ACCEPTABLE Anp VaLip For HCDA
AerosOL ANALYSES?



WHAT 1S THE HAA-3 CODE AND HOW 1S 1T USED?

-

1. HAA-3 Is A HETEROGENEOUS AerosOL AGGLOMERATION

Cope WHICH PREDICTS AErOSOL BEHAVIOR AND TRANS-

pORT FOLLOWING HYPOTHETICAL LMFBR ACCIDENTS,

2, Tue CopE ls Usep TO CALCULATE DiSTRIBUTION OF

In Tue RCB From HCDA’s, LEAKAGE O¢

AEROSOLS
s An Input TO THE

Tue SUSPENDED AgrosoLs PROVIDE

Dose CALCULATIONS.




L

HOW DOES HAA-3 WORK?

CALCULATES NUMBER DensiTy OF SUSPENDED
AEROSOL (PARTICLES/CC),

THe Source OF SUSPENDED Mass 1s THE SOURCE
GeNeERATION RATE CALCULATED From THe CACECO
Sopium-In RaTe To Tue RCB, -

Mass 1s DISTRIBUTED To 4 DiFFeReNT REGIONS:
PLATED, SETTLED, LEAKED AnD SUSPENDED,

Tue Amount OF PLATED Mass Is DETERMINED By
THE EXPERIMENTALLY DeETERMINED WALL PLATING
PARAMETER, &,

THe SETTLING RATE O The AerosoL Is DETER-
mineD By THE S1ZE Of THE PARTICLES WHICH
GROW THROUGH AGGLOMERATION,

The Source OF LEAKED Mass 1s THE SuSPENDED
AErOSOL, LEAKRATE Is An INPUT PARAMETER.



SUSPENDED

SETTLED
LEAKED

NSNS
SODIUM

HAA-3 DISTRIBUTION MODEL



WHAT ASSUMPTIONS ARE IMPLICIT IN THE HAA-3
CALCULAT IOHAL TECHNIQUES?

1. HOMOGENEOUS AND INSTANTANEOUS DiSTRIBUTION

Of SuspeNDED AEROSOL. _

2. AErROSOL PARTICLE S1ze DISTRIBUTION FUNCTION

Is LoGc-NORMAL.

3. ]GNORES AGGLOMERATION CauseD By AEROSOL

TURBULENCE.

4, 1GNORES PLATING CauseD By THERMOPHORESIS.



o

9.

JHAT ASSUMPTIONS ARE IMPLICIT IN THE
4AA-3 LPUT DATA FOR HCDA ANALYSIS?

100%2 OF THE SoDIUM AerosoL PRODUCED Becomes AIRBORNE IN
Twe RCB. ' .

RaTe THAT SODIUM EnTers RCB Is CALCULATED By Tue CACECO
CoDE.

Sop1uM AEROSOL PropucT10N CEASES A7 BoiL-DRY (133 HRS.)

SoD1UM AEROSOL'ls 457 Sopium HYDROXIDE Anp 55% SoDIUM
Monox1DE As DETERMINED By CACECO,

PLUTONIUM AND URANTUM AerosoL PRODUCTION, ResuLTING FROM
GAs SPARGING, BegIns AT INITIATION 0 Tue HCDA,

QuanT1TY OF PLUTONIUM AnD URANIUM RELEASED By SPARGING
1s CALCULATED Using THE TECHNIQUE Of WASH-1400, APPENDIX G
To Appennix VI,

LeakRaTE FROM THE RCB, Pr1OR TO VENTING AT 36 HRS, IS
ProPORTIONAL TO THE Vip Such THAT THE RATE Is .1% Vou/Day

At 10 PSIG.

LEAKRATE DURING RCB VENnTING, FROM 36 HRS. TO 39 HRS, Is
The RCB BLOWDOWN RaTe From 15 PSIG,

LEAKRATE AFTER RCB PurcinG 1S INITIATED AT 29 HRS, IS
8000 scFM CONTINUOUSLY,



GAS SPARGING

ConcReTE/CoRE DEBRIS

MeLT

D1sSOLVED
U0,
Gas

D1SSOLVED
Pu 07
Gas



WHY 1S HAA-3 ACCEPTABLE AND
yAL1D FOR HCDA AFROSOL ANALYSES?

SCENARIO SPECIFIC AER
(berosoL DENSITY, PaR
Are ParT OF InPUT DaT

No INTERNALLY Copep D

0soL AND ENVIRONMENT PARAMETERS
11cLe S1z€, AIR TEMPERATURE, Erc.)
A,

ATA BASE,

ErrecT OF DEPLETION MecHANISMS 1S CALCULATED UsinG

FouaTions DERIVED Fro
CONSIDERATIONS WHICH
CoMPOSITION,

HAA-3 Has Been VERIFI
Al-AEC-12977.

InpuT DATA USED For H
Of InpuT PARAMETER VE

M CLASSIC PARTICLE KINETICS
ARe InNDEPENDENT OF CHEMICAL

ep WiTH EXPERIMENTAL Data IN

CDA AnaLYS1S 1s WITHIN THE RANGE
RIFICATION,



\_’ALUL_USf.D_m__CBBR‘ P-3_Bask CASE
PARAMLIER RANGE OF VALUES® Sopjum AerosoL EVEL AEROSOL
AgrosoL Rgg  (¥) : . ,05-55 3 '3
o OF Rgy 1.0 - 3.0 2 2
INITIAL CONCENTRATION (wGM/cC) 0.0 - 135 ' 6.18 0.0
DensiTy of AerosoL (eM/cc) .05 - 10,97 2,21 10,9/
Atr TemperaTure (OK) 300 - 811 765 366
WALL PLATING PARAMETER, & 1X107 - 5X107" "'0X1O-s "'OXIU-S
CramBer VoLume (cc) Up 1O 8.5X108 9.9X1010 9.9X1010
GRAVITATIONAL AGGLOMERATION
EFFICIENCY, © 0.0 - 1.0 1.0 1,0
DensiTY MODIFICATION ;
FACTOR, © 05 - 1.0 8 | 4 |

INPUT PABAMEIEB_MEBLEILBllQN_BAHEE_EQB_HAA:Q_HQDA_ABBLISIS

*Source OoF DATA:

1.
2.

3

4.

Al-AEC-12977, "AEerosoL MopeLING OF HYPOTHETICAL LMFBR.ACCIDENTS"

GEAP-14054, "REVIEW AND EvaLuaTioN OF CURRENT AerosoL MoDELS FOR
LMFBR SAFETY ANALYS1S"

HEDL-TME 79-28, "AerosoL Benavior DURING SODIUM PooL FIRES IN A

LaxGe VEsSEL-CSTF TEsTS AB1 anp AB2"
Al-AEC-13038, "HAA-3 UsER ReporT"”



CALCULAIED.ELUIQMLUM.ﬁEABﬁED_DURlﬂﬁ_HLDB_ANALXSIS
ConserRVATIVELY ReLeasep To RCB For Dose CALCULATION:

PLutonium Mass (Kem)

.k - . 10

0 133 720
Time (HRS,)

CLeAN-UP SysTEM LOADING - 7.7 Kem Pu

DisTrRiBUTION COEFFICIENT Basep On 5000°F

More ReaListic ReLease 1o RCB:
PLutonium Mass (KeM)

R | PR— 1.6

0 133 720
Time (HRS,)

CLEAN-UP SYSTEM LOADING - 1.2 Kem Pu
DisTRiBUTION COEFFICIENT BaseD ON 4500°F



PLUTON]UM LOADING OF TMBDB CLEAN-UP SYSTEM

——

Ionores AerosoL DEPLETION In THe ReacTor CAviTY AND
Durine TransporT TO RCB,

lenores FacTor OF ~50 REDUCTION IN SPARGED PLUTONIUM
From VaPOR PRESSURE REDUCTION In DiLuTE SOLUTIONT

SparGED PLutonium Does NoT Have TiMe To ACHIEVE
FouiLiBrium VAPOR CONDITION.

CompLETELY MoLTEN CoRE SCENARIO REQUIRED ESSENTIALLY
7ero HEAT TRANSFER T9 ReacTOR CAVITY AREA ABOVE PooL

SURFACE,

RCB AerosoL DEPLETION IGNORES ErrecT OF Sparcep U238
BLANKETS AND MoLTEN CONCRETE From DeBris BED,
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CONTAINMENT EFFECTS DURING

REACTOF CAVITY VENTING

T. W. BALL

SEPTEMBER 15, 1982

POTENTIAL FOR RC VENT PLUGGING.
ASYMMETRY EFFECTS FOR SODIUM BURNING.

BASIS FOR NON-STRATIFICATION OF HYDROGEN.

HYDROGEN AUTO-IGNITION CRITERIA.



POTENTIAL FOR REACTOR CAVITY VENT PLUGGING

DESIGN REQUIREMENTS (CRBRP-3, VOL. 2):

£ A PRESSURE DROP OF LESS THAN 0.1 PSI WITH A FLOW RATE
13, AND A VISCOSITY OF 0.05 LB/FT-HR.

UM OXIDE AEROSOL ENTER THE VENT

THE VENT SYSTEM SHALL HAV
OF 4000 LB/HR OF GASES, A DENSITY OF 0.03 LB/F

[T SHALL REMAIN FUNCTIONAL IF UP TO 450 LBS OF SOD
AT A MAXIMUM RATE OF 8000 LB/HR.

BASES FOR REQUIREMENTS :

LOW VALUE TO ASSURE ~PRESSURE EQUALIZATION.

1. PRESSURE DROP 0.1 PSI - ARBITRARY

1SCOSITY - AVG. OVER FIRST 24 HOURS.

2. FLOW RATE, DENSITY, V

1. & 2. PROVIDE BASIS FOR SIZING PIPE.

450 LBS SODIUM OXlDé) 8000 LBS/HR - INITIAL BLOWTHROUGH OF R.C. ATMOSPHERE UPON
RUPTUR EAKING, U450 LBS OF NA9O RESULTS FROM BURNING INITIAL 2% OXYGEN

IN THE R.C. AHD PIPEWAY CELLS.




ASYMMETRY EFFECTS OF SODIUM BURNING

(QUESTION CS760.144)

ALTHOUGH THE RC VENT WILL BE OFF-CENTER IN THE RCB, 1T WILL STILL BE
ABOUT 55 FEET FROM THE STEEL SHELL WALL.

THE ASSUMPTION OF AXISYMMETRIC TEMPERATURES IN THE STEEL SHELL IS A VALID
ASSUMPTION FOR THE FOLLOWING REASONS:

e ONLY SIGNIFICANT HEAT TRANSFER 1S CONVECTION
(RADIATION WOULD BE BLOCKED BY DENSE SODIUM
OX1DE SMOKE)

e STRONG CONVECTIVE MIXING OF RCB ATMOSPHERE BY FLAME

o NOZZLE SIZED TO PRECLUDE DIRECT FLAME CONTACT WITH
STEEL SHELL (<80 FT FLAME - 180 FT TOP OF RCB)

e CRITICAL AREA OF STEEL SHELL (816 FT EL.) PROTECTED
BY INSULATION

MAXIMUM TEMPERATURE 220°F
. AZIMUTHAL GRADIENTS SMALL



BASIS FOR HYDROGEN NON-STRATIFICATION

(CRBRP-3, VOL. 2, APPX. H.3)

1. PRE-HYDROGEN IGNITION PFRIOD

NATURAL CONVECTIOH AND FORCED

e COMBINED MOLECULAR DIFFUSION,
UNIFORM MIXING

CONVECTION - MORE THAN ADEQUATE TO CAUSE

o THIS WAS CONFIRMED BY HEDL TESTS ATM-1 THROUGH ATM-4

2. HYDROGEN BURN 70 SODIUM BOILDRY PERIOD

e CONVECTION FROM “LAME AND VENT/PURGE MIXING

3, POST-BOILDRY

e SLOW ADDITiON RATES
E DENSITY APPROXIMATELY EQUAL T0

EVENT STRATIFICATION

o Hy-CO MIXTUR AIR DENSITY

e VENT/PURGE MIXING ADEQUATE TO PR



HYDROGEN AUTO-CATALYTIC RECOMBINATION

Objectives:
e Datermine conditions for ignition

e Dete-.nine conditions for extinguishment

Description:
e Controlled hydrogen jet ignition and extinguishment tests

(3.5 1.3 chamber)
Effects of: Hydrogen, nitrogen, sodium, water vapor in jet
Oxygen depletion in chamber
Water vapor in chamber - hydrogen generation
Jet temperature
Jet velocity
e Confirmatory tests during large scale sodium-concrete
interactions testing (3800 ft. chamber)



HYDROGEN AUTO-CATALYTIC HECOMBlNATION
(Continued)

Results/Status:
e Program has been completed

e Hydrogen burning criteria incorporated Into CACECO:
— Upon reaching containment, hydrogen will burn when either
criterion (A) or (B) is met in combination with criterion (C)

(A) The hydrogen-nitrogen mixture entering containment is
above 1450°F

(B) The hydfooen-sodlum-nltrooon mixture entering
containment contains at least 8 G/M3 of sodium at
temperatures above 500°F

(C) The oxygen concentration is above 8%. With the
oxygen concentration above 5% and the hydrogen
concentration above 4%, the hydrogen in excess of
4% would burn



HYDROGEN AUTO-IGNITION DATA

(HEDL-TME 78-80)

= 3 N 23
Ry L%

i
3"" ‘7 2 7, ///
WE 00~ il ////////Z///%/é

LA > 3ep >l

X1 GAS TEMPERATURE, ©F)

FIGURE 6. Conservative Limits for Hydrogen-Sodium Jet Ignition.
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COMT/ NMENT OXYGEN CONCENTRATION (%)

.
o

—
s

-
~

-
<

WYDROGEN BURANS ABOVE AND

%%,
W
,,," % YO THE RIGHT OF THE LIMIT LINES
%
2
. L5
_ o %,% K/
Z 2, 5
K% %
Y 2,
0% K% 2
v ¢/ (/ 'ﬂb
%
KKK 020,20, %, 20,
.'? "’""
1% %,
%% PXOSRKP%,

CONTAINMENT HYDROGEN CONCENTRATION (%)

Figure H.1-5 Containment Hydrogen Flammability Limits

H.1-15

\- \- LOWER LIMIT FROM HEDL
<k UPPER LIMIT FROM NEDL PHASE 2 PROTOTYPIC TESTS
PHASE 2 PROTOTYPIC TESTS
| 1 ] | | | |
0 2 L 6 ] 10 12 " 16



EVALI'ATION OF STRUCTURES FOR MARGIN ASSESSMENT CASE

SUMMARY OF DISCUSSION

Preserfat’or fo WEC
‘7 G. N- F;OS"O"IS.

L} STRUCTURAL REQUIREMENTS

- Scope OF EVALUATION ot /5, 1902
o  STRUCTURAL EVALUATIONS ARetftben o=

" DesicoN MODIFICATIONS



ATINO S3504¥Nd JALLVYLSATL d0d 3ONGOYULNT UV N91S3d
JHL OL SNO1LVO14100W a3i411N3Al AN *35v2 N9I1S3d
vy SV a3ivayl 1ON S1 OIYVN3DS LNIWSSASSY NI19UVY ELYY

40014
74 OLNI SNOILVHLINId J1V1Q3WU3LINT 3d0T13AN] S3SV) OM]

40014 JY OINI

NOTLVHL3NId WN1Q0S 3W3YLX] - 3SV) LNIWssassy N1ouvy ‘d
40014 Y OLNI

NOILVHL3NId WN1Q0S (3LIWL] - 3sv) asvg 'V

1$35VD 9NIMOT04
JHL ¥04 A31DNANOD N33d 3AVH SNOTLVNTIVAT IVUNLINYLS

SNOLLVITIVAZ TVUNLINYLS dadnl



CONTAINMENT/CONF INEMENT

L

|
Jhr‘
3 HIH w3
[ ] (I | " "y
¥ [ ) ‘" "
' )} beeedbacdboceens;
r"" "”.‘h-.. v-.'d q .....
e .| '
’..'CI\O ' v ]
4 e
S 0-\0 N .
r ........... b P'--.A
e o1 &
‘ ........... J °
il '
K 32 ceonanssses P =
1 8 19 A
$ 3 3 " ¢ o 5
3 ot . > 4 t _
m u T“
Ol‘ ............ “ L
G e S W mmEmEme .- -
Mu o L F
sl ! )
e 3 ———
° - - .- - -
‘ ....... J
Lo  f
nﬁ— — "... ) !
d!..'.-l .
) “w..- ‘e
geo¥  graawsimmns e
| Vreecaeemar
4 ’ " "
i1 3 i
” L 23 2l




NGILO3S SSOHD 8OY

pn-ocL13

0-giL 13 ¥3NN
sol 1) [ZZ4 v 40 zor—onl._ Ew:z_#zoul_
ﬁl.l....J / e 4 . ............ .... - #... it
\ "1 Jo-peL3-
N ’
-
ALIAVD
: \ Ehw..w.w./p\ HOLIV3IY u ﬁ.
17, o, J
A ...... N .“. ” . fl.
e J0-9e ,_ui_ TIvm i
¥OO ONLVY3JO ANININIEINGD — | =
Mals
ANINNIVANGD —={
1ﬁ .Lf o\fﬁ-




STRUCTURAL EVALUATION OF MARGIN ASSESSMENT CASE

SopiuM CONCRETE REACTIZN RaTE:
7 INCH PER HOUR FOR FIRST 3 HOURS
1 INCH PER HOUR AFTER 3 HOURS TO BOIL DRY

BoiL Dry TiMe - 50 HOURS

StRUCTURAL EVALUATION CRITERIA

- WALL LINErR 1n Reactor CaviTy TO MAINTAIN INTEGRITY
UNTIL BOIL DRY TIME
- ReacTor CaviTy FLOOR AND Pipeway CELL FLOORS TO PREVENT
SODIUM LEAKAGE TO CELL 105 (A1r Fieeep CeLL) UNTIL
BOIL PRY TIME
- CONTAINMENT AND CONFINEMENT INTEGRITY TO BE MAINTAINED
For LONG TERM (3000 HOURS)
- PIPEWAY CELL WALL LINER INTEGRITY TO BE MAINTAINED
AS FOLLOWS: ]
WALL LINER DETWEEN REACTOR CAVITY AND pIPEWAY CELL - 50 HRS
OTHERS - 30 ues



(CONTINUED)

cToucTURAL EVALUATION OF MARGIN ASSESSMENT CASE

Voand

b —

0 Score OF EVALUATION

DETERMINE WHETHER STRUCTURES, AS DESIGNED, CAN
WITHSTAND IMPGSED EXTREME PENETRATION CONDITIONS

- DETERMINE NECSSSARY DESIGN MODIFICATIONS SO
STRUCTURES CAN WITHSTAND IMPOSED CONDITIONS

- ScoPING EVALUATIONS

DEMONSTRATE INTEGRITY BY COMPARISON WITH
BASE CASE (WHENEVER POSSIBLE)

OR

PERFORM ANALYSIS USING SIMPLIF1ED MODELS
AND COMPARISON WITH BASE cASE. MATERIAL
PROPEPTIES AND CRITERIA SAME AS IN BASE
case (CRBRP-3)



(CONTINUED)

STRU;TURAL EVALUATION OF MARGIH ASSESSMENT CASE

B STRUCTURES OF PARTICULAR CONCERN:

- Reactor Cavity
- Pipeway CELLS

CONF INEMENT STRUCTURE

- CONTAINMENT SHELL



RESULTS OF REACTOR CAVITY “ALL AND LINER EVALUATION

» IN MARGIN ASSESSMENT CASE, WALL LINER IS
SUBJECTED TO SAME TEMPERATURES AS IN BASE CASE

B MARGIN ASSESSMENT TEMPERATURE GRADIENTS AT
50 HOURS ABOUT THE SAME As BASE CASE 50 HR.
GRADIENTS OF BASE CASE

2 ForR BASE CASE CONDITIONS INTEGRITY
HAS BEEN DEMONS [RATED AS FOLLOWS:

LoweR SUBMERGED LINER 50 HRS
UppER SUBMERGED LINER 70 HRS
NoN-SURMIRGED LINER 80 HRS
CoNcRETE WALL = 132 HRS
» BASED ON ABOVE, RC LINER AND WALL ABOVE FLOOR ARE

EXPECTED TO MAINTAIN INTEGRITY FOR 50 wrs. (BoiL
DRY TIME) AND BEYON'
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STRUCTURAL EVALUATION OF REACTOR CAVITY FLOOR
UNDER MARGIN ASSESSMENT CASE CONDITIONS

N AsSUMPTIONS

- FLoor LINER A
APPROXIMATELY 5.5 FEET OF FLOOR CONCRETE

SSUMED TO FAIL AT ONSET OF SPILL

PENETRATED BY SODIUM



TEMPERATURE - OF

1800

1600

1400

1200

1000

800

600

400

200

oUns (Boil Dry)

|

pase Cas
50 Nrs.

S|

i I 1

REACTOR CAVITY FLOOR =

MARGIN ASSESSMENT CASE

80 100

DISTANCE FROM ToP OF FLOOR, IN.

TEMPERATURE TRANSIENTS

129
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7“0 - * x ————————— '—-——_: 1—
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1 _f 5. ™ .
4F EXTENT NOF Na PENETRATION
MARGIN ASSESSMENT CASE y
2 -
7301
CONTAINMENT LINER

SECTION - REACTOR CAVITY AND WALL
CURRENT DESIGN AND EXTENT OF MNa PENETRATION



CONCLUSIONS OF RC FLOOR EVALUATION

T MEET MARGIN ASSESSMENT

CURRENT DESIGN DOES NO
POTENTIAL LEAKAGE TO cerL 105

EVALUATION CRITERIA.

0OR SYSTEM WOULD BE

MINOR MODIF ICATIONS TO THE FL
NT EVALUATION

SSARY TO MEET MARGIN ASSESSME

NECE
CRITERIA




RC FINOR DESTGN MODIFICATIONS
NEEDED FOR MARGIN ASSESSMENT CASE

REMOVE CONSTRUCTION JOINT AT ELEVATION 733
AND REARRANGE RE-BAR

EXTEND WALL LINER TO 6.5+ FT. INTO
STRUCTURAL CONCRETE

PROVIDE CIRCUMFERENTIAL VERTICAL PLATE ON
TOP OF FLOOR LINER NEAR WALL TO INHIBIT
SPREADING OF FUEL DEBRIS TO REGION OF
FLOOR-WALL JUNCTION



/ -
. 3/8" -,
3/R" STEEL 1.INF?® STEEL -
LINER ‘
— °
» ., . *
INSULATING
T0P OF FLOOR CONCRETE
EL. 740'-8" 1 : 1 .
| —— B g ' .
. I
. - .' ,‘ ? .
-~ .‘ L ‘* . G ‘
. - . 1 ~
SEPTR Y
j . L . \ .
. . \ \ . '
v, ® S N S et
\ : - .
a - - . : \ © » - )
. T £/ 730 7
- —
V- ¥
CONTAINMENT LINE
SECTION = REACTOR CAVITY FLOOR AND WALL

MODTFIED DESIGN
TO ACCOMMODATE MARGIN ASSESSMENT CASE
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STRUCTURAL EVALUATION OF PIPEWAY CELL WALLS AHD LINERS
UNDER MARGIN ASSESSMENT CASE CONDITIONS

i WALL BETWEEN RC AND PIPEWAY CeLL

~ IN MARGIN ASSESSMENT CASE, WALL LINER TEMPERATURES
SAME AS IN BASE CASE

— IN MARGIN ASSESSMENT CASE, 50 HOUR WALL TEMPERATURE
LOWER THAN BASE CASE, 70 HOURS

- |N BASE CASE WALL LINER INTEGRITY DEMONSTRATED FOR
70 HOURS, CONCRETE WALL WILL NOT COLLAPSE BEFORE
152 HOURS

% Orier WALLS

- IN MARGIN ASSESSMENT CASE, WALL LINER TEMPERATURES
SAME AS IN BASE CASE

- IN MARGIN ASSESSMENT cASE, 30 HOUR TEMPERATURE
TRANSIENT SAME AS 40 HOUR BASE CASE TEMPERATURE

- IN BASE CASE, WALL LINER INTEGRITY DEMONSTRATED
¢or U0 HOURS, CONCRETE WALL WILL NOT COLLAPSE
BEFORE 132 HOURS
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Temperature (°F)

1800,

1299.

40 Hrs.
pase Case

“co.
= 50 Hirs.

- 40 lirs. L .
'//C:i_ 30 Hrs.

(118

-GG,

06

DISTANCE (FT)

Note: HARGIN ASSESSMENT CASE TRANSIENTS
UNLESS NOTED OTHERWISE

PIPEWAY CELL WALL TEMPERATURES - MARGIN ASSESSMENT CASE



RESULTS OF PIPEWAY CELL WALL AND
LINER EVALUATION

- CONCRETE WALLS AND WALL LINERS MEET MARGIN

ASSESSMENT STRUCTURAL EVALUATION CRITERIA



STRUCTURAL EVALUATION OF PIPEWAY
CELL FLOOR UNDER MARGIN ASSESSMENT CASE CONDITIONS

. FLoorR LINER ASSUMED TO gAIL AT 0 HOURS

© APPROX IMATELY 2.5 FEET PENETRATED BY SOD1UM
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IPEWAY CELL FLOOR»EVALUAT|0N

CONCLUSIONS OF P

o CURRENT DESIGN DOES NOT MEET MARGIN ASSESSMENT

STRUCTURAL EVALUATION CRITERIA

o MincR MODIFI1CATIONS T0 THE PIPEWAY FLOOR WOULD BE

NECESSARY TO MEET THE MARGIN ASSESSMENT SCENARIO

REQUIREMENTS



PIPEWAY CELL FLOOR MODIF ICATIONS
NEEDED FOR  MARGIN ASSESSMENT CASE

OF INSULATING CONCRETE BELOW SECOND LINER

ProviDE 4 1IN,
RUCTURAL CONCRETE

SEPARATING TWO LAYERS OF ST

LOWER FLOOR BOTTOM BY I} {N. TO MAINTAIN 35 1N, THICKNESS

OF BOTTOM LAYER
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STRUCTURAL EVALUATION OF CONF INEMENT
STRUCTURE FOR MARGIN ASSESSMENT CASE

IN BASE CASE INTEGRITY DEMONSTRATED FOR 140 HOURS, COOLING
pown BEYOND 140 HOURS

DIRECT COMPARISON OF MARGIN ASSESSMENT CASE TRANSIENTS
WITH BASE CASE TRANSIENTS NOT CONCLUSIVE

EVALUATION USING SIMPLIFIED COMPUTER MODELS

- Base CASE CONSIDERED AXISYMMETRIC MODEL FULL HEIGHT,
FACTORS ESTABLISHED FOR RATIO OF FORCES AND MOMENTS
IN FULL MODEL TO THOSE IN RESTRAINED SECTION MODELS.

- (CoMPUTER ANALYS1S (USING ANSYS) CARRIED OUT FOR
RESTRAINED SFCTION MODELS UNDER MARGIN ASSESSMENT
CASE TRANSIENTS

- FORCES AND MOMENTS ADJUSTED BY FACTORS FOR FULL MODEL

EFFECT. CAPACITY OF SECTIONS peTERMINED From M-0

RELATIONS CBTAINED WITH compuTer Procram MPIIT.

CriTicAL TiME 30-50 HOURS, THEN COOLING TAKES PLACE
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CTRUCTURAL PYALUATION FOR MARGIN ASSESSMENT CONDITIONS
SUMMARY AND CONCLUSION

REACTOR CAVITY WALL AND WALL LINER MEET MARGIN ASSESSMENT
STRUCTURAL EVALUATION CRITERIA

W1TH MINOR MOD1F ICATIONS REACTOR CAVITY FLOOR WOULD MEET
MARGIN ASSESSMENT EVALUATION CRITERIA

PiPEWAY CELL WALLS AND WALL LINFRS MEET MARGIN ASSESSMENT
EVALUATION CRITERIA

Wit MINOF PoDIFICATIONS, PIPEWAY CELL FLOOR WOULD MEET
MARG'N ASSESSMENT EVALUATION CRITERIA

CONF INFMENT STRUCTURE AND CONTAINMENT SHELL MEET MARGIN
ASSESSMENT EVALUATiON CRITERIA



CRBPR OVERVIEW BRIEFING

FOR

NUCLEAR REGULATORY COMMISSION
CRBPR PROGRAM OFFICE

CONTAINMENT VENT AND
CLEANUP SYSTEM

PRESENTED BY
PETER FAZEKAS
MANAGER, AUXILIARY SYSTEMS ENGINEERING

BURNS AND ROE, INC.



CONTAINMENT CLEANUP SYSTEM
DESIGN DEVELOPMENT

EVALUATION OF ALTERNATIVE CONCEPTS
SELECTION OF THREE-STAGE WET SCRUBBER
TESTING OF THE SELECTED CONCEPT

DYNAMIC ANALYSIS OF THE SYSTEM ON BASIS
OF TEST RESULTS



———

CONTAINMENT CLEANUP SYSTEM
EVALUATION OF ALTERNATIVE CONCEPTS
(HEDL REPORT TC-836)

MAJOR ALTERNATES CONSIDERED: |
o  HIGH EFFICIENCY SYSTEMS (99% EFF.)

o  BAG + KEPA + CHARCOAL

o  CYCLONE + HEPA + CHARCOAL

o  SAND AND GRAVEL + HEPA + CHARCOAL
o  WET FIBCR BED + HEPA + CHARCOAL

o  MEDIUM EFFICIENCY SYSTEMS (90% EFF.)

e  VENTURI SCRUBBER
o  SPRAY CHAMBER (QUENCH TANK)
e  WET FIBER BED

SELECTED SYSTEM DESIGN:

o  HIGH EFFICIENCY PERFORMANCE (997 EFF.)
e  HIGH MASS LOADING CAPABILITY
THREE-STAGE WET SCRUBBER

QUENCH VENTURI WET FIBER BED
TANK SCRUBBER | | SCRUBBER




CONTAINMENT VENT AND CLEANUP
SYSTEM DESIGN DESCRIPTION

VENT SYSTEM DESIGN
o  DESIGN REQUIREMENTS
o  SYSTEM DESCRIPTION

e  SYSTEM OPERATION

CLEANUP SYSTEM DESIGN
o  DESIGN REQUIREMENTS
e  SYSTEM/COMPONENT DESCRIPTION

o  SYSTEM OPERATION



CONTAINMENT VENT, PURGE AND

CLEANUP SYSTEMS
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VE NTURI
SCRUBBER
MAKEUP
WATER
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CONTAINMENT CLEANUP SYSTEN

REQUIREMENTS:

+ 997 EFFICIENCY FOR SOLID AND/OR LIQUID RADIOACTIVE MATERTALS

o 977 EFFICIENCY FOR VAPORS (NAI,. SeO2, S8203)

o REMAIN FUNCTIONAL WITH CALCULATED SODIUM AEROSOL INGESTION

o REMAIN FUNCTIONAL WITI! CONTAINCD RADIOACTIVITY AND HEAT
GENERATION FROM FISSION PRODUCTS

» REMOTE MANUAL ACTUATION FROM THE CONTROL ROOM

DESCRIPTION OPERATION:

WET SCRUBBER FILTRATION SYSTEM

DISCHARGE AT TOP OF THE CONFINEMENT DOME
24,000 NOMINAL ACFM CAPACITY

WATER SYSTEM DESIGNED FOR pH OF 13

SYSTEM LOCATED IN THE REACTOR SERVICE BUILDING
ALL ACTIVE COMPONENTS REDUNDANT



CONTAINMENT VENT AND CLEANUP SYSTEM
SPECIAL CONSIDERATIONS

o  CONTAINMENT VENT SYSTEM
o  CONTAINMENT ISOLATION VALVE OPERABILITY
o  CONTAINMENT PENETRATION-DESIGN
e  VENT PIPE PLUGGING
o  CONTAINMENT CLEANUP SYSTEM
o  POTENTIAL HYDROGEN EXPLOSION
¢  WATER OVERFLOW INTO CONTAINMENT

o  MATERIAL SELECTION/CCMPATIBILITY



CONTAINMENT VENT SYSTEM
VALVE OPERABILITY

REDUNDANT VENT LINES WITH DOUBLE ISOLATION VALVES

VALVES LOCATED IN AREAS NOT AFFECTED BY TMBDB
CONTAINMENT ENVIRONMENT

REMOTE OPERATION FROM CONTROL ROOM

NO MANUAL OVERRIDE CAPABILITY



CONTAINMENT VENT SYSTEM
PENETRATION DESIGN

o  CURRENT CONFIGURATION SIMPLE “PIPE THRU” PENETRATION

o  THERMAL ANALYSIS TO DETERMINE CONTAINMENT VESSEL
TEMPERATURE DISTRIBUTION AT PENETRATION VICINITY

o  STRESS ANALYSIS TO DETERMINE CONTAINMENT VESSEL STRESSES

o  FALL BACK TO FLUED-HEAD CONFIGURATION IF STRESSES ARE
EXCESSIVE



CONTAINMENT VENT SYSTEM
PIPE PLUGGING

THE CURRENT DESIGN IS BASED ON THE CONVEYING VELOCITY
METHOD - RESULTED PIPE SIZE 24"

HEDL TEST INDICATED PLUGGING OF 10" PIPE

THE TECHNICAL LITERATURE WAS REVIEWED FOR AEROSOL DEPOSITION
IN TURBULENT FLOW

CONSERVATIVE EQUATION WAS SELECTED FOR PIPE PLUGGING

SCOPING CALCULATION INDICATED THAT 36 PIPE WILL NOT
PLUG UNDER TMBDB CONDITION

VERIFICATION OF PLUGGING EUATION WITH TEST RESULTS IS IN
PROCESS

BASED ON TEST EXPERIENCE PIPE ROUTING CRITERIA ESTABLISHED



AEROSOL DEPOSITION IN DUCTS
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EVALUATION OF TECHNICAL LITERATURE
AND SELECTION OF EQUATION
FOR AEROSOL DEPOSITION IN TURBULENT FLOW

THE WORK OF THE FOLLOWING AUTHORS WERE EVALUATED:

FRIEDLANDER AND JOHNSTONE

LIU AND ILORI
GIESKE ET. AL.

ks

o  WELLS AND CHAMBERLAIN
o DAVIES |

o  SEHMEL

]

¥

SEHMEL’S EMPIRICAL FORMULA WAS SELECTED

o  BASED ON EFFECTIVE PARTICLE DIFFUSITIVITY MODEL AND
CORRECTED BY LINEAR REGRESSION METHOD PER AVAILABLE
EXPERIMENTAL DATA

o  ASSUMED PERFECT PARTICLE SINK SURFACE
o  GOOD STATISTICAL CORRELATION WITH EXPERIMENTAL RESULTS

e THE SELECTED FORMULA

_16 .01 2.10 _ 3.02
Kb = 1.47 x 10 P R Re

= DIMENSIONLESS DEPOSITION VELOCITY

PARTICLE DENSITY (9 /cw)

RATIO OF PARTICLE DIAMETER (}L ) T0
PIPE DIAMETER (cm)

Re = REYNOLDS NUMBER

+
WHERE: K
Y
R
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CONTAINMENT CLEANUP SYSTEM
POTENTIAL HYDROGEN EXPLOSION

THE VENTED GASES ARE NOT CONTAINING HYDROGEN OXYGEN
MIXTURES IN THE EXPLOSIVE RANGE

HIGH POINTS OF THE COMPONENTS VENTED TO PREVENT
STAGNATION

NON-EXPLOSIVE GAS MIXTURE WILL NOT SEPARATE




CONTAINMENT CLEANUP SYSTEM
WATER OVERFLOW INTO CONTAINMENT

THE CLEANUP SYSTEM COMPONENTS COULD CONTAIN
THE ENTIRE WATER INVENTORY

THE EXPECTED WATER LEVEL IS BELOW THE VENT
PIPE ELEVATION



CONTAINMENT CLEANUP SYSTEM
MATERIAL SELECTION/COMPATIBILITY

ALL METALLIC LOMPONENTS ARE SPECIFIED AS CARBON
STEEL OR ARE TO BE COMPATIBLE WITH THE EXPECTED

WATER CHEMISTRY

THE FIBROUS SCRUBBER ELEMENTS SPECIFIED AS
POLYPROPYLENE, TEST INDICATED HIGH PH COMPATIBILITY



CONTAINMENT CLEANUP SYSTEM
TESTS

TEST OBJECTIVES
TEST DESCRIPTION

" TEST RESULTS .
Y.



CONTAINMENT VENT AND CLEANUP SYSTEM
TEST OBJECTIVES

DETERMINE THE PARTICLE DECONTAMINATION PERFORMANCE OF THE
SYSTEM COMPONENTS DURING VARIOUS OPERATING CONDITIONS
DETERMINE THE CONDENSIBLE DECONTAMINATION PERFORMANCE OF
THE SYSTEM |

DETERMINE THE HEAT/REMOVAL CAPABILITY OF THE SYSTEM
COMPONENTS |
ESTABLISH THE PRESSURE LOSSES THRU THE SYSTEM COMPONENTS
DURING VARIOUS OPERATING CONDITIONS ’
DETERMINE THE AEROSOL CHARACTERISTICS IN THE CONTAINMENT
EVALUATE THE OPERABILITY OF THE SYSTEM COMPONENTS
DEMONSTRATE THE CONPATIBILITY OF THE SPECIFIED COMPONENT
MATERIALS WITH THE SYSTEM ENVIRONMENT

DETERMINE THE AEROSOL DEPOSITIONS IN THE SYSTE!



CONTAINMENT CLEANUP SYSTEM
TEST DESCRIPTION

o  TEST ARTICLE CONF IGURATION

o  EXPERIMENTAL MEASUREMENTS

e  TEST CONDITIONS
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CONTAINMENT CLEANUP SYSTEM TEST
EXPERIMENTAL MEASUREMENTS

SUSPENDED AEROSOL MASS CONCENTRATION (AT ALL COMPONENTS)
AEROSOL SIZE DISTRIBUTION (AT ALL COMPONENTS)
AEROSOL PARTICLE SIZE AND SHAPE (AT ALL COMPORENTS)
AEROSOL CHEMICAL COMPOSITION (CV & DUCT)

SETTLED AEROSOL MASS (CV, DUCD

SETTLED AEROSOL DENSITY (CV, DUCT)

SODIUM SPRAY RATE (CV)

COMPONENT PRESSURE DROPS (ALL COMPONENTS)

GAS FLOW RATE (FS OUTLET)

LIQUID FLOW RATE (AT AL\, COMPONENTS)

GAS TEMPERATURE (AT ALL COMPONERTS)

LIQUID TEMPCRATURE (AT ALL COMPONENTS)

GAS COMPOSITION (D2, Hp. €00, MOISTURE/CV, FS OUTLET)



CONTAINMENT CLEANUP SYSTEM
TEST CONDITIONS

aca A2 A3 A4 Acss ACS
COMPONENTS
o QUENCH TANK YES YES YES YES NO NO
o VENTURT SCRUBBER YES YES YES YES YES YES
o WET FIBER SCRUBBER YES YES YES YES YES YES
AEROSOL TYPE Nay07 NaOM NapCO3  NaOH,Hp0  NaOH NaOH ,H20
INLET CONCENTRATION (g/m’) 6 n 5 15 13 27
PARTICLE SIZE AMMD () 3.1 1.7 3.6 1.5 1.3 5.5
GEOMETRIC STD. DEVIATION 2.8 2.1 2.8 2.6 2.5 2.5
GAS FLOW RATE (m/s) 0.19 0.35 0.27 0.55 0.44 0.54
PRESSURE DROP (kPa ) 1.5 1.6 2.1 2.0 5.7 2.1
COLLECTED AEROSOLS (kg) 60.6 151 61.2 2 a7 a4
MEASURED EFF1CIENCY-(%) ’
QUENCH TANK 79 66 62 62 - -
VENTURI SCRUBBER - . 89 88 86 87 81 94.5
WET FIBER SCRUBBER ' 98.6 99.0 ' 99.2 99.2 99.9 99.4
OVERALL SYSTEM 99.97 99.96 99.95 99.93 99.98 99.96



CONTAINMENT CLEANUP SYSTEM
TEST MAJOR CONCLUSIONS

PARTICLE DECONTAMINATION PERFORMANCE  99.95%

NAI DECONTAMINATION PERFORMANCE  99.8%

AT DESIGN FLOW CONDITIONS VENTURI SCRUBBER LEAVING GAS
AND WATER IN THERMAL EQUILIBRIUM

PRESSURE DROPS VARIED AS PREDICTED—= SYSTEM CAPABLE
FOR LARGE AEROSOL LOADINGS

THE PERFORMANCE OF ALL COMPONENTS IMPROVED WITH REDUCED
GAS FLOW

THE SYSTEM LOADING DEPENDS ON NAoCO3 SOLUBILITY, RECOMMENDED
LIMIT 115 Na/L

THE DECONTAMINATION EFFICIENCY IS NOT AFFECTED BY THE
CHEMICAL COMPOSITION OF THE AEROSOL

RECOMMENDED L/G RATIOS

VENTURI SCRUBBER 0.007
WET FIBER SCRUBBER 0.00008
WET FIBER SCRUBBER MAX. VELOCITY 21 FT/SEC
SYSTEM OPERATION WAS SATISFACTORY
NO SPRAY NOZZLE PLUGGING
NO FIBER ELEMENT DETERIORATION |
NO CARBON STEEL CORROSION g :
TROUBLE FREE FLOW MODULATION



MEASURED PENETRATION
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Nal MASS BALANCE AND Nal REMOVAL EFFICIENCY FOR TEST AC3

Test AC3

Wecovered  Removal
Component (g Nal) Efficiency
Quench Tank 205 0.291
Venturi Scrubber 208 0.417
Fiprous Scrubber 289 0.9947
HEPA Filter 1.531 1.000*
Overall System 703.531 0.9978**

*Assumed
eefxcluding HEPA filter

SUMMARY OF Nal EFFICIENCIES DETERMINED BY
AEROSOL AND BY LIQUID SAMPLING METHODS

Averace Efficiency

Test Average
Comoonent ~ALS ALS Nal-1 Nal-¢ Al] Tests
gench Tank
‘crosol bl * » -
Liquid 0.29 b 0.53 0.41 0.33
Venturi Scruboer
Aerosol 0.57 0.20 0.67 0.21 0.41
Liquiad 0.42 - 0.83 0.80 0.68
Fiorous Scrubber
Aerosol 0.998 0.990 0.997 0.998 0.956
Liquid 0.995 * bl « . 0.990
gT/VS/FS system
Aeroso . ~0.992 0.998 0.999 0.9963
Liguid 0.9978 * e i Lo A 0.9978 $

=Not wmeasured; no inlet sample taken
weNot measured; back-up HEPA filter not analyzed



T

Ty T

APPROACH
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TO LIQUID TEMPERATURE

DIMENSIONLESS GAS TEMPERATURE

- . — P PRpm———— R - —

ll‘l‘l L A} Oy s erYnR

o AC?
A AC2
© AC3
O AC4
OPEN SYMBOLS = 3.38-m FALL HEIGHT
CLOSED SYMBOLS = 1.89-m FALL HEIGHT

. A AL

Tgc = OUTLET GAS TEMPERATURE
o . Tgi ™ INLET GAS TEMPERATURE

T, = AVERAGE LIQUID TEMPERATURE

!
|

o S CORRELATING CURVE
\<

w02 FOR 1.89-m FALL HEIGHT
k CORRELATING CURVE o p
b FOR 3.38-m FALL HEIGHT v
- -
3 ! 3 . £ A B b R 1 e 2 1 [
1¢ A A . e A 4 | -y 2
103 102 1w . R
SPRAY FLOW RATE/GAS FLOW RATE (DIMENSICONLESS)
MEDL TS

Correlation of Gas Cooling Data for Quench Tank.



G = 0.236 m3/s (STP) (0.503 m3/s ACTUAL) AT VS INLET

UG = 0.0031
UQuID = 0.5 M NAOH

VS LUQUID OUTLET

&0
‘TE
«5 -
- TEMP CIFFERENCE
s VS GAS 072'1 - VS LIQUID
- Mﬁ:
‘ -
] A
‘ 1 — | ! |
) 10 2 30 « 80 &

TIME (min)
| waDL a3

gas Cooling by Venturi Scrubber at .Intermedute vﬂ.ue of L/G.



AT 1°C)

-1C

G = 0.672 m3/s ISTP! loce A=
G = 1.1 m3/s ACTUAL AT VS INLET
13 M NAOH

PROPANE
URNER OFF

\: MIN

TEMP DIFFERENCE
vS GAS OUTLET -

Vs uQuib
UG = 0.0025 —l /G = 0.0029
50 10 180 200 =0

TIME (min)

gas Cooling by yenturi Scrubber at Low L/G Ratios. ;



— - — - -y Fr—

MEASURED PRESSURE DROP (in. H20)

PREDICTED PRESSURE DROP (Pascals)

0 S0 100 180
0.8 T T T T T 10
O TESTS WITH AMBIENT AIR AND PLAIN WATER
A MIDWAY IN TEST AC ©
A END OF TEST AC1
0™ o MIDWAY IN TEST AC2 - 2k
s END OF TEST AQ2 %
o MIDWAY IN TEST AC3 g
e END OF TESTACI :
oul T MIDWAYIN TEST ACH Jwo g
. v END OF TEST AC4 s
=
c
- A
s
0.3 -l ®
b
w
z
e
e
0.2 - 80 =
=
@
<
")
=
0.1 -
| i i Py
0.0 0.1 —_— 0.3 0.4 0.5 " .
PREDICTED PRESSURE DROP (in. H20)
wEDL TN U8

Comparison of Measured and Predicted Pressure Drop Across Quench
Tank.



MEASURED PRESSURE GAIN lin. H0)

— - — — - — Prmmms—————— 28 - —— -

PREDICTED &P (kPs)

0.5 0 0.8 1.0 . 1.8 20
. L} 1 ¥ l L] ‘l L] . 1 L zo
O ROOM TEMPERATURE TESTS WITH CLEAN AIR
7 = & DATA FROM ACY "
O DATA FROM AC3
[ - 1.5
5 a
Fd
4 - 1.0 =
8
q
3 1 £
s
=
7]
2 - 05 «
—
=
1 -
0 -t 0
.1 o
.2 \ 1 | | ! | i 1 | _0.5
-2 -1 0 1 2 3 4 5 [ 7 L
PREDICTED PRESSURE GAIN (in. Ho0)
WEDL YR T

- 4
.

Comparison of Measured and Predicted Pressure Differentials
Across Venturi Scrubber.



MEASURED PRESSURE DROP (in. Hy0)

10

PREDICTED &P (kPa)

0.5 1.0 1.5 20
1 —r . 1 ‘ L l L I T 2-5
(@) TEST ACY “
A TEST AR
O PRETEST AC
| TESTAC J - 20
@ TESTACA pl'
¢ POST-TEST ACA 5 1
e
- 15 ‘}.'
-8
<
7 c
'
e
- 10 &
<
-
2
LINE OF PERFECT
AGREEMENT - 05
| | | | | | | 0
1 2 3 4 [ [ 7 - N 0 _
PREDICTED PRESSURE DROP (in. H20)
WEDL NG TR

comparison of Measured and Predicted Pressure Orop
Scrubber.

§

Across Fibrous



PRESSURE DROP (k Ps)

PRESSURE DROP (k Pa)

&0

5.0

40

0

20

1.0

20

1.5

1.0

G (m3) (STP)

Al ] ' 1 T Y
TEST ACS o018
_ POINT NUMBERS REFER 180 o4
TO OPERATING PERIODS
DEFINED IN TABLE §
on
A o1
1
0 0.1 g2 03 04 05 08 0.7
G (m3/3.) ISTP)
TEST Ao
10
_ POINT NUMBERS REFER B3
70 OPERATING PERIODS OM
DEFINED IN TABLE 6 s
i PRETEST
3 1 1 1 | 1 1
0 o1 02 0.3 0.4 0.5 0.6

0.7

10



PRESSURE DROP (kPa)
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. Effect of Caustic Spray on pressure Drop Across Fibrous Scrubber.



o —

PRESSURE DROP (kPs)

u -
30 -2
28 a
285
-»”
24
22
20 - -8 2‘.
1.8 {1 g
1.6 e
ds g
1.4 -
=
12 1 2
v
z
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GAS FLOW 0.47 STD m3/s
0.6+ TEMPERATURE = 24°C
UQuID CONC. <1g Na® 42
04 J
o2l
° 1 1 1 1 1 1 M 1 1 o
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WATER SPRAY RATE (Q/s) WEDL EXDEN. D
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gffect of Water Spray Rate on Pres;ure Drop Across Fibrous

Scrubber.
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PUMP, MAKE-UP, ASSUMPTIONS/INPUTS

INPUT ASSUMPTION ~  CONSERVATISH

-

CONSTANT VOLUME, VARIABLE TEMP, DENSITY X

5OF AT INPUT DUE TO PUMPING ACTION X X
COOLING WATER INLET TEMPERATURE 91°F X .
MAKE-UP RATE 5 GPM X

MAKE-UP TEMPERATURE 91°F X X



BASIC PROGRAM LOGIC

(START OF PROGRAM )

SET INITIAL CONDITIONS
AND ASSUMPTIONS

k‘—— -

/READ INPUT FILE AND
-/ PRINT OUT DATA

(40 OF PROGRA) S r

CALCULATE QUENCH TANK I TALCUATE SOLUTION
MASS, MEAT BALANCE TANK HEAT BALANCE

EAT
LANC

Anfde et Al CALCULATE u* J |

HEAT BALANCE

L
ULATE FIBROUS SCURBB
WASS, MEAT BALANCE

£
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GAS OUTLET TEMA - SOLUTION OUTLETY TEMR, °F
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RELATIONSHIP FOR VENTURI SCRUBBER DATA

e

e VENTED GAS TEMP

» 400°F
y © VENTED GAS TFMP
< 400°F
o 5 S - S

SGAS FLOW RATE / SOLUTION FLOW RATE, SCFM/GPM

RELATIONSHIP  FOR QUENCH TANK DATA
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TEMPERATURE, °F

— THIS STUDY

©, & MEDL TEST DATA

us

Ho =

e i

105 =

sabtd

GAS LEAVING FIBROUS SCRUBBER
A D oo

AAAAAAAAAAAA

| 1 L 1
30 70 1770 1790

TIME, MINUTES

COMPARISON OF RESUTS WITH MEDL TEST RUN ACI



SUMMARY

CONTAINMENT CLEANUP SYSTEM IS USED 10
MITIGATE HCDA'S

HEDL TESTED CONTAINMENT CLEANUP SYSTEM

BURNS AND ROE ANALYZED CONTAINMENT CLEANUP
SYSTEM VIA COMPUTER MODELING

ANALYTICAL AND TEST RESULTS CORRELATED WELL



SUMMARY OF AEROSOL DEPOSITION IN DUCTS - TESTS AC1 THROUGH AC6

Dimensfons Aerosol Mass, kql?) Na Fraction  Bulk  Maximum

pect T.D. Tength Deposit Fenefnta b4 g Na per Ms;ty AP Duct

Number _mm m In Duct Duct Total Pen. _ g Total  g/om kPa__ Plugged
AC1-10 265 1E.A 12.5 60.8 73.3 82,9 0.515 0.16 0.5 No

AC2-1 22.1 14,6 0.516 0 0.516 0O 0.437 w 0.5 10 Yes

AC2-10 265 16.4 122 172 294 58.5 0.437 .87 2.8 Nolb)
AC3-1  22.1 13 0.275 0.110 0.385 28.6 0.434 0.11 70 Yes

AC3-2 52.5 13.5 0.420 0.405 0.825 49.1 0.4 0.11 - 9.0 Ne

AC3-10 265 16.4 37.0 61.7 98.7 62.5 0.434 0.11 0.87 No

ACA-2 52.5 13.5 0.137 .39 4.51 96.9 0.25 ~0.6 5.2 No

ACs-10 265 16.4 62.6 455 518 §7.8 0.25 ~0.6 3.3 No

ACS-2 52.5 17.8 3.56 2.60 6.16 42.2 0.558 ~0.5 10 Yes

AcCsS-4 110 21.3 20.4 50.8 1.2 71.3 0.558 - ~0.5 7.9 Yes

ACS-10 265  10.7 27.8 541 569 95.1 0.558 ~0.5 1.0 No

AC6-10 265  10.7 55.6 424 480 88.3 0.458 0.64 4.2 No

io‘belmimd by analyzing for Na and dividing by Na mass fraction
b Duct plugged post-test by heatine duct walls above NaOH melting point




CONTAINMENT CLEANUP SYSTEM
DYNAMIC ANALYSIS

o TO VERIFY THE PEAFORMANCE OF THE CONTAINMENT CLEANUP SYSTEM, -
TEST PROGRAM WAS INITIATED AT HANFORD ENGINEERING DEVELOPMENT
LABORATORY (HEDL)

o THE PRIMARY GOAL OF THE TEST PROGRAM 1S TO VERIFY THE
FILTRATION EFFICIENCY OF THE CLEANUP SYSTEM

o THE TEST COULD NOT FULLY SIMULATE ALL TMBDB CONDITIONS
DUE TO LIMITATIONS OF THE TEST FACILITY

o THE FULL SIZE SYSTEM DESIGN REQUIRED A DYNAMIC ANALYSIS OF THE

CONTAINMENT CLEANUP SYSTEM

o THE PURPOSE OF THE DYNAMIC ANALYSIS IS TO SIMULATE THE
THERMO-HYDRAULIC BEHAVIOR OF THE SYSTEM

o THE RESULT OF THE ANALYSIS PROVIDED INPUT TO THE SIZINZ
OF THE COMPONENTS AND SELECTION OF Trt COMPONE'T MATERZALS

o THE ANALYSIS UTILIZED THE AVAILABLE TEST DATA FOR EMPERICAL
CORRELATIONS AND EXTRAPOLATION

o THE COMPARISON OF TEST RESULTS WITH THE ANALYTICAL RESULTS
INDICATED C' NSE CORRELATION



COMPARISON OF THE CRBRP LAYOUT
AND HEDL TEST ARRANGEMENT
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COMPARISON OF THE HEDL AND CRBRP SYSTEM
COMPONENT PARAMETERS

HEDL
MAXIMUM SYSTEM FLOW (SCFH) 1,000°
MAXIMUM AEROSOL COWCENTRATION O I
MAXIMUM GAS TEMPERATURE (°F) 700°
QUENCH TANK

DIAMETER (FT) 4
HIGH (FT) 13
RESIDENCE TIME (SEC) 6.5"
SPRAY FLOW (GPM) 28.5
AIR/NATER RATIO (558 35°
JET VENTURI
THROAT DIAMETER (INCH) 7.5
THROAT VELOCITY (Ggo) 54
HIGH (FT) 8.7
FLUID FLOW (GPM) 50.6
AIR/WATER RATIO (553) 19.7°
FIBROUS SCRUBBER
DIAYETER (FT) 2.5
HIGH (FT) 13.25
ELEMENT 0. 1
ELEMENT LENGTH (LN 24
ELEMENT LENGTH (IH) 120
TOTAL ELEMENT FACE AREA (FT2) 63
ELEMENT FACE VELOCITY GZ) 15.9°

e SIGNIFICANT PARAMETERS

CRBRP
22,8M°
m.
1,100°

18" 6"
25

6°*

" &
198
24
1,000
39

24

24

72
1,432

18.1°



CONTAIHMENT CLEANUP SYSTEM PROCESS MODEL

QUENCH TAIK

CHEMICAL CONVERSION OF Ha0 To NAOH —= REACTION HEAT
SOLUTION OF REMOVED NaOH PARTICLES —= SOLUTION HEAT
COOLING OF VENTED GAS —* SENSIBLE HEAT

JET VENTURI
SOLUTION OF REMOVED NAOH PARTICLES — SOLUTION HEAT
COOLING OF VEWNTED GAS — SENSIBLE/LATENT HEAT

. FIBROUS SCRUBBER

SOLUTION OF REMOVED iaOH PARTICLES —= SOLUTION HEAT .
KEMOVAL OF FISSION PRODUCTS —= DECAY HEAT

SYSTEM INPUT VARIABLES

VENTED GAS MASS FLOW RATE, TEMPERATURE. “{ESSURE, WATER
VAPOR CONTENT

VENTED Hap0 MASS FLOW RATE

VENTED FISSION PRODUCT DECAY HEAT RATE

REMOVED FISSIOH PRODUCT DECAY HEAT RATE

FLUID FLOW HAOH CONCENTRATION, TOIPERATURE, or.uslp



CONTAINMENT CLEAWUP SYSTEAM PROCESS MODEL (conT’D)

SYSTE! INPUT CONSTANTS

FLUID VOLUMETRIC FLOW RATE TO COMPONEATS -
FILTRATION EFFICIENCY OF THE COMPONEXNTS

HX COOLING WATER FLOW, INLET TEMPERATURE
MAKE-UP WATER FLOW, TEMPERATURE

HX SURFACZ AREA

SYSTEM UUTPUT VARIABLES

GAS FLOW, TEMPERATURE AT VARIOUS STAGES

FLUID FLOW NAOH CONCENTRATION, TEMPERATURE, VISCOSITY -
HEAT EXCHANGER DUTY



ANALYTICAL PROGRAM ASSUMTPIOHS/ [HPUTS

GENERAL

QUENCH TANK

JET VEATURI

FIBROUS SCRUBBER

SOLUTION TARK

PUMP, MAKE-UP, HEAT EXCHANGER
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FIBROUS SCRUBBER ASSUMPTIONS/ INPUTS

THPUT ASSUMPT 104

o REMOVAL EFFICIENCY 98,82 X
o DECAY HEAT RAISES AIR TEMPERATURE X
o NU WATER EVAPORATION X

o WATER SPRAY FLOW 4 GPH

-

(T) = VERIFIED BY, TEST

CONSERVATISM
X (M

X
r
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