September 10, 1986

Docket No. 50-271

LICENSEE: VERMONT YANKEE NUCLEAR POWER CORPORATION
FACILITY: VERMONT YANKEE ATOMIC POWER STATION

SUBJECT: JULY 29, 1986 MEETING WITH VERMONT YANKEE NUCLEAR POWER
CORPORATION (VYNPC) TO DISCUSS REVIEW OF THE RELAP 5YA CODE

On July 29, 1986, a meeting was held at the NRC Headquarters at Bethesda,
Maryland to discuss the review of the RELAP 5YA computer code for LOCA
analysis at Vermont Yankee. Enclosure 1 is the list of the individuals that
attended the meeting. Enclosure 2 is the proposed meeting agenda offered by
the licensee. Enclosure 3 is a handout of the slides presented by the
licensee at the meeting.

The following is a summary of significant items discussed:
i VY LOCA Licensing Analysis Method
2. VY LOCA Sample Problems
A NRC-EG&E Technical Review Questions
4. Acceptance of R5YA EM Heat Transfer
5. Method for Quantifying Margin of Conservatism (Appendix K, Item I1.5)
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Vernon L. Rooney, Project Manager

BWK Project Directorate #2
Division of BWR Licensing
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Enclosure 1

List of Meeting Attendees

July 29, 1986

Organization

Yankee Atomic Electric
Yankee Atomic Electric
Yankee Atomic Electric
Yankee Atomic Eiectric
NRC/DBL/RSB
NRC/DBL/RSB
NRC/DBL/RSB
NRC/DBL/BWR#2

EG&G/NRC Consultant
EG&G/NRC Consultant

Co.
Co.
Co.
Co.
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8:45- 8:50
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MEETING OBJECTIVES & AGENDA

VY LOCA LICENSING ANALYSIS METHOD

0
0
0
VY
VY
VY

0
0
0

SBLOCA SAaMPLE PROBLEM

OVERVIEW

RELAPSYA Cope & ASSESSMENT
TLTA LBLOCA Test 6425/R2

NSSS MobpEeL
HC MopEeL

EM HeaT TRANSFER

LBLOCA SAMPLE PROBLEMS

Case EA
Case EB
Case BA

Enclosure 2
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HCpS

METHOD FOR QUANTIFYING CONSERVATIVE MARGIN

MEETING SUMMARY
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GOALS

2.

MAJOR

Enclosure 3

VY LOCA LICENSING ANALYSIS PLAN

OBTAIN SER ON BWR LOCA LICENSING ANALYSIS METHOD BY DECEMBER
1986.

APPLY METHOD FOR VY HIGH ENERGY BUNDLE PROGRAM TO OBTAIN SER
FOR CYCLE 14 (STARTUP 11/1/88).

MILESTONES

3.

7.

COMPLETE RESPONSE TO 197 NRC QUESTIONS ON RELAPSYA CODE BY SEPTEMBER
30, 198s5.

COMPLETE RESPONSE TO 39 ADDITIONAL NRC QUFSTIONS ON RELAPSYA
CODE BY DECEMBER 31,1985.

OBTAIN SER ON RELAP5YA CODE BY MARCH 31, 1986.

SUBMIT VY LOCA SAMPLE PROBLEMS TO NRC BY JUNE 30, 1986.

OBTAIN SER ON BWR LOCA METHOD FROM NRC BY DECEMBER 31, 1986.

SUBMIT VY LOCA LICENSING ANALYSIS BY DECEMBER 31, 1987,

OBTAIN SER ON VY LOCA ANALYSIS FROM NRC PRIOR TO STARTUP OF CYCLE
14 (NOVEMBER 1988).

R7TF
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65-€

PRESSURE (psa)

/—AV!RAGE POWER TEST 18425/2)

EARLY SYSTEM PRE SSURE

DIF FERENCE DUE TO

\ PRESSURE CONTAOLLER
DIFFERENCES

PEAK
POWER TEST 18424/1)

] 100

Figure 3-41. Comparison or System Pressure Responses for Average ECC Tests with
Average Power (6425/2) and Peak Power (6424/1)

TIME (sc)

PRESSURE (kPy)
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VY LOCA LICENSING ANALYSIS SCHEDULE

1985 1986 1987 1988
TASK 19|20 |30 4] 19| 2Q | 3Q| 4Q | 1Q 20| 3Q| 4Q | 10 | 2Q |3Q | 4Q

1. RELAPSYA QUESTIONS/ANSWERS

a. General Ouestions (197) @
5. Additional Questions (39) 0——@

c. NRC Review — <3>

2. VY LOCA SAMPLE PROBLEMS

a. YAEC Perform o-—(t?
b. NRC Review b———(’?

3. VY LOCA ANALYSES

a. YAEC Perform - ,@
b. NRC Review o ﬂ

CYCLE 11 . CYCLE 12 kI oAzl a2 DGzl

VY PROJECTED OPERATION: 4 - 1 7 " (HEB)

JLY

99/62,L



BWR LOCA LICENSING ANALYSIS METHOD

OBJECTIVE: PROVIDE CYCLE INDEPENDENT LOCA ANALYSES THAT COMPLY
WITH 10 CFR 50.46 AND APPENDIX K.

INPUT DATA

. PLANT DRAWINGS, TECHNICAL SPECIFICATIONS, PERFORMANCE DATA

- SIMULATE CODE -

. FIBWR CODE

. CASMO CODE -

. FROSSTEY CODE

CORE AXIAL & RADIAL POWER DISTRIBUTIONS
MODERATOR, FUEL AND SCRAM REACTIVITY
TABLES

INITIAL CORE AND BYPASS FLOW DISTRIBUTION
ROD POWER DISTRIBUTION WITHIN PEAK BUNDLE

INITIAL FUEL ROD PARAMETERS

e ACTIVATE APPENDIX K EVALUATION MODEL OPTIONS

STEADY STATE INITIALIZATION - RELAPSYA CODE

® NSSS EM INITIALIZATION MODEL - ACCELERATED STARTUP TRANSIENT FROM

HOT STAGNANT CONDITIONS TO STEADY
STATE

ACCIDENT ANALYSES - RELAP5YA CODE

L] LOCA EM SYSTEM MODEL = INTEGRAL ANALYSIS OF ENTIRE ACCIDENT

» LOCA EM HOT CHANNEL MODEL = RUN FOR MORE DETAILED ANALYSIS (WHEN

NECESSARY) USING SYSTEM TRANSIENT
RESULTS AS BOUNDARY CONDITIONS ACROSS
BUNDLE

RTF-3
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BWR LOCA LICENSING ANALYSIS METHOD

OUTPUT DATA FOR REPORTS

1. GRAPHS

¢ DBA STEAM DOME PRESSURE HISTORY

e DBA WIDE RANGE ("INNER SHROUD") LEVEL HISTORY, OR
e DBA VESSEL MASS INVENTORY HISTORY

e DBA CORE FLOW HISTORY

e DBA ECCS FLOW HISTORIES

e DBA P'AK CLADDING TEMPERATURE HISTORY

e DBA HEAT TRANSFER COEFFICIENT HISTORY

2.  SUMMARY TABLES

e DBA SIGNIFICANT EVENT TIMES

e PEAK CLADDING TEMPERATURE VS BREAK SPECTRUM

e MAPLHGR, PCT, % OXIDATION, ZH, RELEASE VS BURNUP

2

RTF - 4
7/29/ e



RELAP5 CODE SUMMARY

ADVANCED HYDRODYNAMIC MODEL

Two-£fluid, Nonhomogeneous, Nonequilibrium
1D with Multi-D Approximations
Noncondensible Gas & Dissolved Boron Allowed

8 Governing Differential Equations

4 CONT; 2 MOMENTA; 1 Mix ENERGY, 1 Mix State

8 Primary Variables (o . op. X ., Xg. V v Vea Ugs P)

Constitutive and Process Models

C.. X, N, K, cCRIT' Q

r -

RIF -5
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'

RELAP5 CODE SUMMARY

COMYXUNENLS

INTERNAL VOLUMES AND JUNCTIONS
- SNGLVOL, SNGLJUN, BRANCH, PIPE, ANNULUS

ACCUMULATOR* .

SEPARATOR

CENTRIFUGAL PUMP

JET PUMP*

VALVES (Trip, Check, Inertial, Motor, Servo)
Generalized TRIP and CONTROL SYSTEM

FUEL BEHAVIOR*

Boundary Conditions: TMDPVOL, TMDPJUN

Heat Structures

RTF-6
72/29/P%



||
l RELAPSYA Model Development Tasks
1
' A. Hydrodynamic Models Analysis Reguirement
1. Interphase Drag BE, EM
J 2. Moudy Two-Phase Critical Flow EM
3. Jet Pump BE, EM
. B. Heat Transfer Models
. 1. Forced Convective Boiling BE, EM
2. Critical Heat Flux BE, EM
' 3. Rewet and Quench BE, EM
4. Multi-Surface Radiation we EM
g S. Heat Transfer Logic Options EM
' C. Fuel Behavior Models
s 1. Internal Gas Pressure BE, EM
. - 2. Rod Deformation and Rupture BE, EM
3. Transient Gap Conductance BE, EM
U 4. 2Zircaloy-Water Reactions EM

L

»

RTF-7
7/29/P6
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Separate Effect Tests fo

r RELAPSYA Model Assessment

Hydrodynamic Models

Interphase Drag

Two-Phase Critical Flow

Jet Pump

Accumulator

Heat Transfer Models

Forced Convective Boiling

Critical Heat Flux

Radiation

EM Logic Options

Metal-Water Reaction

All Models

Assessment Cases

Frigg Loop Tests
GE Level Swell Test

parametric Calculations
Marviken Test

176 Scale EG&G SS Tests
1/6 Scale Blowdown Tests
VY Jet Pump M-N Curve

Maine Yankee Test
LOFT L3-1 Test

Bennett Tests
Columbia Tests

CE Nine Rod Tests
ORNL THTF Tests

Analytical Solutions
Parametric Calculations

Parametric Calculations

Analytical Solution

TOODEE2-EM Run

RTF-&
7/29/%




Integral Tests for RELAPSYA Code Asses:sment

Reference
Thermal-Hydraulic Test Fac 1 ORNL -
3 Steady-State Film Boiling Tests 1-4
1 Transient Film Boiling Test 1-4
1 Quasi Steady-State Boiloff Test 1-4
2- Reflood Tests 1-4
s “ - -
Large Break Wiih ECCS, Test 6425/2 1-4, 1-10
Large Break Without ECCS, Test 6426/1 1-4
Small Break With Degraded ECCS, Test 6323/1 1-;. 1-10
System Boiloff With Recovery, Test 6441/6 1-4
LOFT (EG&C-NRC)
Small Break With Pumps On, Test L3-6 I-A; 1-9
Severe Core Transient With Pumps Tripped, Test LB-1 1-4
Small Break With Pumps Off, Test L3-1 1-9
Single-Phase, Two-Phase, and Reflux Modes of 1-9
Natural Cicrculation, Test Series S-NC-2
ankee Plant (YAEC
Reactor Coolant Pump Trip Test 1-7
RrF-9

7/29/f6
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Comparison of Calculated and Measured Initial
Conditions for TLTA Test 6425/2

‘Initial

; aramet Data SS Initiation at 2 MW Conditions
Bindle Power (Mw) 5.05 $0.03 2.0 5.06
Steam Dome Pressure (psi) 1044 45 1043.8 1044.2
Lower Plenum Enthalpy 528 45 521 526.1

(Btu/1lbm)
Initial Water Level (inches) 73 6 76 77.6
Feedwater Enthalpy 4l +2 42.9 42.9

(Btu/lbm)
Bundle Pressure Drop (psid) 17 +2 11.0 16.3
Steam Flow (1bm/s) 6 +1 1.88 $.7
Feedwater Flow (lbm/s) 1.4 0.3 1.84 1.4
Intact Loop Pump Flow (lbm) 9.1 ¢#1 v .8
Broken Loop Pump Flow (lbm) 8.4 41 8.3 .4
Intact Loop Jet Pump (1bm) 22 #2 18.1 20.0
Broken Loop Jet Pump (lbm) 20 #2 1¢.4 18.4
Bundle Inlet Flow (1lbm) 39 +5 3.3 34.1
Lower Plenum Pressure (psi) 1071 45 1061.5 1070 .1
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HEAT TRANSFER COEFFICIFNT, BTU/MR-FTZ-DEC.F.

100,000

e N
— e Data at 71" FL

- === Data at 79" EL
‘ RELAPSYA Node S

(61" to AI™ EL) _Lr

10,000
1,000 ~{ 5670

100

10

1.0

0. 50 100 150 200 250 300
TIME (sec)

Comparison of bundle heat transfer coefficients in RELAPSYA

simulation of TLTA Test 6425/2 with data of TLTA Test 64-2/7,



Z/ST%9 1S4l Mviwd J0¥V1 V1L

0°00L 0°0SC

JUON

J00N -




110.0

— BE - NODE S
a&~&—aEM - NODE S

y =

el

3

0£0'0 S20°0 0200 G610°0 010°0 500°0 000°0
105001202 JLHIH (4-214-035/N18)

TLTA LARGE BREAK TEST 6425/2



(o) IWNLVHIMMIL

0"

L UOpIRAd|J-dunjeaadwo) pe|) FpLsul " 16-[ a4nbyiy

WI-VASAVTIIY

dh3l 1uS
9S0°1 44
ECO* 144
296" 04c¢
320° 14¢
clo* 144

MN
3N
MS
3S
MS

N3
1L
1L

Ry
1L
1L

d 343M07T S
13 hSS0d S
13 6hS0d h
13 12S0d €
13 8150d @
13 LOSOd 1
I NNy

(45) I AVHIen) L

J-96



(Mg) IWNLVEINIL

—_————

x
(&
|
-
)
v
[+¥%
e
-
e
[« 4

'

I
-

|

|

x

@)
O
|
(=)
(\.\

|
]

OO

)

(sa) (ss

@G

2) (
4

QIDIDID]
-
L
@
) (
9@ @

POE

®

DE
(.)

{
)

E
p,
<

OIC]
®

DID
N
\s

QOO

®C
OO
OORE®

{

@@V")f
0OOO®OE
'/@‘:\

-
i

(4,) INLYHIING |




"Up Q21 uolIRA3|3-dumeiadua) pe|) Spisul  cgg-p unbiy

fdo) IWNLYNIGWIL

'F’ dW3l 1usS N3Td 343M07 S
he0" 14d 02ji 11 2950d h
1S6°04d 02113 0hSOd €
G0 T4d * 02li13 1104 2
900" 144 0C|l 13 EISO4d 1
c NN hg 1S3l




UORIBND O Wi VASAVIIM ©03 Z/SZv9 Isal
Vi1l u} 9suodsal aanssaid waisds jo uvosjaedwo) :/|-7°¢ 2andjy

(298) aK1L
o1t g 0tz 0s1 0

rl-1nnm11||||||41||| ﬁ.<~n~<au-

viva

(e1sd) FUNSSIUL
«250-

mf
e
U g

N3 ¥3ddn hd E G
N31d ¥3M01 2d 2
IH00 WBILS 1d |

- ¢ NN miwu 1531




(1143

uojIeNOTe) VACAVIIE ©°3 1/9Z%9
1591 Vi1l uj asuodsay 2inssaiyd waysdAs Jo uosjaiedwo)

(235) dWI1L

otz 0st

16Z-2°C 2andy

0L

o1~

N34 ¥344N
N34 53M0N

3H0Q WU3LS
=

| NNY 9ch9 1S3l

o0zl

(e1sd) FUNSSIUd

-258-



Vessel Head

|2y
1t~ Steam Outlet
po—

- Nozzle

Steam Dryers

Steam Separator
Feedwater P
Nozzle .
T

Core Spray —

—— Core Spray
Nozzle

Shroud Head

d——— Core Shroud

i

4————J¢t Pump
! Riser
!

i

|

i

“~a==__ Recirculation
Inlet Nozzle

‘L- Jet Pump

! Instrumentation
Nozzle

Fuel Assemblies

Jet Pumps _______1'

Recirculation ——=} - -
Qutlet Nozzle >

Control Rod
Guide Tubes

Control Rod Drive
Penetration

Incore Penetration

Figure 1.2=1: Vermont Yankee Reactor Vessel
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TABLE 1.2.1
Vermont Yankee Operating Conditions

ate : si

Core Power (MWt ) 1,593 ' 1,664
Vessel Pressure (psia) 1,020 * 3,009
Vessel Water Level (inches)® 512 512
Feedwater Temperature (°¥) 372 376
Feedwater Flow (MLBM/hr)P 6.40 6.72
Recirculation Loop Flow  (MLBM/hr) 33.3 12.3

(each of two loops)

Control Rod Drive Flow (MLBM/hr) 0.03 0.03
Core Flow (MLBM/hr) 48.0 48.0
Main Steam Line Flow (MLBM/hr) 6.43 6.75

(four combined lines)

NOTES:

", Inches above the top of the lower reactor vessel invert.

b. Million pounds mass per hour.




Z-0C - 1-0i€

760

1= [T

—

Vermonut Yaukee NSSS Nodalization Diagram

"% 1
PRy« Nty
s h gng

Bl il

Pigure 2.1~-1:




TABLE 2.1.1

Vermont Yankee NSSS Nodalization Summary

Region Nodalization Number of Number of Number of
or Diagram Volumes Junctions Heat Structures
System Numbers Active TMDPYOL _ Active TMDPJUN _ Active Passive

Reactor Pressure Vessel

Lower Plenum 002 to 012 6 0 10 0 0 6
Control Rod Guide Tubes 022 to 024-5 6 0 6 0 0 6
Core Bypass 100 to 102-9 10 0 10 0 0 10
Core Fuel Assemblies
116 Peripheral Low Power 120 to 122-9 10 0 11 0 9 10
248 Central Average Power 140 to 142-9 10 0 11 0 9 10
4 Central High Power 160 to 162-9 10 0 11 0 9 10
Upper Plenum 206 to 208 2 0 2 0 0 2
Standpipes and Separators 210 to 228 3 3 5 2 0 3
Intermediate Steam 232 1 0 2 0 V] 0
Steam Dryer Assembly 234 1 0 1 0 0 1
. Steam Dome 240 1 0 1 0 0 1
o Downcomer 250 to 290 15 0 14 0 0 13
Other Systems
Recirculation Loop A 302 to 338-1 12 0 12 0 0 12
Jet Pump Bank A 340 to 342-3 4 0 6 0 0 4
Recirculation Loop B 352 to 388-1 12 0 12 0 0 12
Jet Pump Bank B 390 to 392-3 4 0 6 0 0 4
Feedwater Lines 400 to 402-3 3 1 3 1 0 0
Main Steam Lines 540 to 550 6 1 7 0 0 5
Steam Relief and Supply 551 to 571 V] 1 6 1 0 .0
Containment 614 to 663 0 8 0 (v 0 0
ECCS 700 to 763 2 a 2 4 0 V]
DEG Break 801 to 802 0 0 2 0 0 0
TOTALS 118 18 140 8 27 109




. - —— ——— e ——— ——— - ——— . - . -

TLTA BUNDLE
CONTROL ROO CHANNEL
SURFACE
CHANNEL
FUEL RODS
g
:
5% :
3t :
i £
& i
(:) -
4
CORE FLOW
Lowen ﬁ
:.L.AY! f’}
=8
:3::0a1

BUNDLE
INLEY
ORIFICE

LOWER PLENUM
CONTROL ROD
@ GUIDE TUBE

FLOW FROM
LOWER PLENUM

CONTROL ROD
DRIVE HOUSING

) Bwn ®) TLYASA

park
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Figure 1. Bottomview of a prototypical 8 X 8 BWRfuel bundie upper tieplate.
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Figure 9. Correlation of flooding data from simulated BWR bottom

side-entry orifices.
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Jer Fomp : Ter Powmp Facroe
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afe
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Length Drive Noj 3le Comver Semce (41) 2.337" 9.490" ‘V.oc[
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Stra )‘/ Pw/)m o f 7R reaf !b )

Anj/c of Frustum Surface (&) 29.838° 25.069° /. 0¥
Av Juchor Area

cos (¢) 0.9075  o0.893F  0.992
Throat Lemg % (1) . 9%5" 9.00" 6.09

D/ flusey b—vﬁ [43) %. 099" s0.88" 2997
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Seace (Iop4) 1/ \/ 5.4 ' /¢.7
Pos. DRivé
FoklL: Kys 0. 0429 0.040 0. 4367
FoK 2; Kpu 0. 179 0.080 0.0922
For3: (1-Ksa) 0. 8733 0. 920 0. 8877
FoK Y Ksa 0./262 0.080 0. /123
FOKS: Ksw . 0. byoo 0.6¥0 0. 6Y30
FOKG:  Cos ¢ 0. 2998 0. 9075 0. 9300
Nec. Drivé
Rokl: Kyp, 6. fooo 0.7%Y 0.999/
Koe2: Kaun 0.29y/ 0.1795 0. /900
RODK3: Kou /. 0000 1.0000 /. 0000
RIEY:  War 0. 4695 0.49v0 0.997¢
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