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Technical Advisory Group
TAG Meeting #2
Meeting Minutes

November 17, 1987
Charlotte, N.C.

The second meeting of the Technical Advisory Group (TAG) was held at the Duke
Power Company offices in Chariotte, NC on November 17, 1987. All TAG members
were nresent including support personnel as listed on Attachment #1. The
meeting minutes from the October meeting were reviewed and comments incor-
porated for the record.

The primary purpose of this meeting vas to discuss the various 1ists prepared
by the members, consolidation ideas for the list items, and selection
criteria for list reduction.

In response to the action item from the last meeting, all TAG members
prepared lists of conditions and phenomena reiating to the OTSG and AFW
issues to be addressed by the TAG process. The mambers were requested to
provide a brief discussion of their individual lists as a lead-in to the
group consolidation effort., Four list were discussed, and are included to
these notes as attachments.

A L - Marty Parece and Joe Paljug provided the
information for this list. The first column includes events and items of
concern. For instance, AFW Criteria is not an event, but is an item that
should be considered in the TAG process. The second column includes issues
and phenomena. Concerning AFW Criteria, wetting and penetration might Ge
considered phenomena, whereas the effects of degraded and plugged tubes fis

more an issue. Hewever, both wetting and tube degradation effects need to be
considered for the AFW Criteria item.

SAWOG/EPRI List (Attachment #3) - Lou Lanese and Jean-Pierre Sursock explain-
ed the approach taken to produce this list of phenomena. The RELAPS/M0D2
code equation set was used to provide the source terms within the conserva-
tion equations. Next, the constitutive relations and models defined by the
source terms were determined leading to the list of associated phenomena.
This particular approach is not dependant on specific eveats and should cover
a broad range of issues, including multiple component system effects.

Attachment #3 includes defirition of nomenclature and information provided by
beth Lou and Jean-Pierre.

PCo List (Attachment #4) - The list was provided by Steve Nesbit of
OPCo. The groundrules considered were; what conditions are the SG’s operatea
within, what systems/boundary conditions are important, what can go wrong,
what are reasonable states, and what are the effects on heat transfer,
levels, etc. The information provided in this list covers a wide range of
thermal-hydraulic conditions that migiit exist in the O0TSG. The ranges for
pressure, temperature, flow, etc. are based on engineering and operational
experience, not Tech Spec or FSAR conservative limits or assumptions.



g # - Keith Condie presented the NRC list. The
Tist consisted of two matrices, one *that related transients to OTSG states/
conditions, and another that related che 0TSG states/conditions to phenomena.
The transients listed were basically those previously evaluated by EGAG for
PTS concerns. The OTSG states ircluded both primary and secondary side
conditions. The group recommended :hat this category would best be renawed
"0TSG processes" which would better relate to transients. The phenomena list
wa: very comprehensive and a good s .arting point for the group consolidaticn
effort.

Ouring the 1ist presentations various associfated items were discussed.
Warren Lyon inquires as to the relative importance of compound events (ie
SGTR as a result of an overpressure transient), low pressure accidents, non-
condensible gas effects, etc. The group is informed of these issues but
doesn’t necessarily feel the need to incorporate an all encompassing event
1ist in this process. Steve Nesbit and Charles Turk responded that the most
berefit for industry would come from consideration of safety, licensing and
design basi. type events.

The "inter-tube” circulation item brought some interest. The description is
flow from cold SG tubes into hot SG tubes through the upper and lower SG
plenums. This process has not been seen in MIST, but has been oredicted by
codes. The general opinion was that as long as a pocl has been established,

the necessary density gradient will not exist, and this process will not
occur.

After the list presentations, the discussioy centered on possible methods for
combining the information into a usable form. The group unanimously *greed
to adopt the matrix format used in the NRC/EGAG 1ist. Three lists are
nzcessaty for this format; transients, processes and phenomena. Each member
is to prepare their lists under *ho03e headings for the next meeting. It was
suggested (Warren Lyon) to use rRA experience to help develop the lists. But
the PRA process is not heavily involved in thermai hydraulics. However,
probability could play a part in the selection criteria (addressed later).

Much time was denoted to the different ideas presented for the definitions.

The following definitions were written down, but there was no consensus
opinion, or agreement.

Phenomena - Observation that requires a mode! (i.e. mass transfer,
heat transfer).

Process - A change from one state to another.

Property - Can be measured or derived from measured quantities.

State/ - Function of Properties,

Condition

Constitutive - Model needed to represent phenomena in computer code.
Relation



Each member is to prepare a list of definitions for the next meeting. There
did appear to be agreement on the hierarchy where transients are made up of
processes which include phenomena.

At this point, a listing of transients began. The NRC/EG&G 1ist was used as
a starting point. Additions included; steady state power operation, low
power events, SGTR from ICC, Reactor trip and MFW overfeed. It was decided
that recovery procedures, which are a separate item in the NRC/EG&G 1ist,
should be included within the transient itself. There was no consensus
opinion for ATWS, so it was left on the list. To help with the efficiency of
this process, Lou Lanese suggested that the ATOG be used to define transi-
ents. The group was not too clear on this, but agreed that ATOG could be
usev as a check later on. John Klingenfus presented an idea on how to
combine all three lists (transients, processes and phenomena) on one matrix.
More discussion ensued on the process to follow and what definitions applied.

At Bob Dieterich’s suggestion to move on, the discussion ended with the group
agreeing to pursue the original thought of producing three lists (transients,
processes, phenomena) along with their individual definition for the terms,
Then, in a unified effort, the group could determine what processes make up
the transients, and what phenomena make up the processes (two matrices).

Action: A1l memders provide the three subject lists of transients, processes
and phenomena to Joe Paljug by 12/2/87. B&W to attempt the consoli-

datfon of all lists, and distribute to members before next meeting.
Lists are to include definition of terms.

The balance of the meeting was used to discuss selection criteria. Certain
ideas were brought out, including; existing data base consideration, probabi
lity of occurrence, consequence, and sensitivity and risk. Hal Ornstein

suggested three criteria that captured those thoughts, which were discussed
by the group as follows:

Selection Criteria

- Uncertainty of phenomena and our ability to model (considering
existing data base).

- Effect of phenomena on consequence, risk, etc.

- Sensitivity of analytical results to uncertainty of model.
The rem;ining discussion related to selection criteria and the application of
"weighting factors” to each item. This was of some interest and the group
elected to discuss it further at the next meeting.

Action: Thg mgmbers are to review the selection criteria and determine
weighting factors for each item for discussion at the next meeting.

As a side note, some confusion arose as regards the terms "analytical
methods” and "analysis needs" within the TAG Charter Objective and Scope. In
clarification, a primary function of the TAG is not to determine the



suitability of code models, but rather to focus on data needs for those
phenomrna aetermined to be important to transient analysis. The flavor of
the "analysis" terms used in the Charter was tc indicate that it may be
possibie to assess the importance of phenomena through analysis and sen-
sitivity studies. Future Charter clarification may be necessary.

The next TAG meeting will be for two days, December 15 & 16, 1987 at the EPRI
offices in Palo Alto, California. Jean-Pierre Sursock will be host and
provide ‘nformation on meeting location, hotel reservations, etc. in the near
future. Agenda items will include; selection criteria, weighting factors,
transiznt/process/phenomena list consolidation, and final report outline.
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Name

M

Joe Paljug

Bob Dieterich
Dennis Blakely
Steve Nesbit
Charles Turk
John K1lingenfus
Martin Parece
Paul Guill

Tom Moskal

T. K. Larson
Thad Knight
Jim Wolf

Keith Condie
Richard Lee
Louiz Shotkin
Lou Lanese

Jean-Pierre Sursock

Warr n Lyon
Hal Ornstein

ATTACHMENT #1

- Novem

Company

DAW
SMUD
TED
OPCo
AP&L
BAW
BaW
OPCo
BAW
INEL
LANL
INEL
INEL
NRC
NRC
GPUN
EPRI
NRC
AEQD

Ielephone Number

804-385-3674

209-333-2935, x4008
419-249-5000, x4429

704-373-8197
501-377-5931
80" 385-3294

 804-385-2183

704-373-2844
216-821-9110
208-526-9683
505-667-3113
208-526-9768
208-526-9383
301-443-7915
301-443-7825
201-316-7127
415-855-2410
301-492-7000



fvent, [tem

AFW Criteria

SLB/Steam Flow

Full Power Operation
Station Blackout

SG Refill (Dry, Depress.)

ICC

Over/Undercooling

SGTR

Natural Circulation

SG Overfeed

ATTACHMENT #2
BAWOG/BAW List

[ssue/Phenomena

AFW wetting/penetration including degraded and
plugged tubes.

AFW Carrycver/PTS

Liquid Entrainment (Pool)

Liquid Holdup (SG Spatial Variations)

SG Heat Transfer (Level Swell)

Tube plugging effects, Local SG effects.
AFW heat transfer, flow, spreading.

Interphase drag, direct contact neat transfer,
film behavior on tubes, AFW heat transfer.

SG refill.

PT Limits

SG Heat Transfer, interphase drag, aspirator
behavior, AFW carryover, dynamic boiling
length.

AFW wetting, carryover.

SG decontamination factor, Leak carryout.

AFW wetting, heat transfer, Pool height.
Aspirator Behavior

SG Heat Transfer

Saturated Operation



—FPhenomena

Entrainment
Carry=-Over
Mixture Level

Attachment #3

BAWOG/EPRI List

Constituitive
Relations and Models

Affected by Phenomena
Interphase drag

Source/Sink
Term in
Conservation

—Equations
FI

Non-Equilibrium
Thermodynamics

Condensation
Beiling
Flashing

Critical Flow
Non-Equilibrium

Cross~Flow

Geometry

Tube Support Plate
Floeding

Geometry
Chemistry

AFW Spreading
Fouling
Plugging

Volumetric mass trans-
fer between phases

Radiation transport

Discharge coefficient
Critical Flow Model

Multi-dimensional
approximations of con-
servation equations

Flow regimes
N2dalization

Averaging of conserva-
tion equations

Choice of heat transfer
correlation

Energy dissipation

Averaging of conserva-
tion equations

Heat transfer area cal-
culatien

Nodalization

Radiation Transport

Gamma I

c
WCRIT

PF



NOMENCIATURE

FI = Interphase drag coefficient

Gamma I =~ Interphase mass transfer

PF - Iodine partition factor

e = Discharge coefficient

WCRIT = Critical flow rate

HW = Wall heat transfer coefficient

HI = Interphase heat transfer coefficient
EI = Energy dissipation

A = Heat transfer area

HI = 1Interphase heat transfer coefficiant
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Attachment #4
B&WOG/0PCo List

Power Operation

Al

RCS

L Subcooled

- I High pressure (2100-2200 831)

3, High temperature (550-605"F)

4, Forced flow (20000 lbm/sec per SG)

SG secondary

High pressure (900 psi)

Medium level (25-30 fg)

High superheat (55-607F)

Nominal flow (1500 lbm/sec per SG)

o S

Normal Post Trip Operation

RCS

i, Subcooled
» High pressure (1800-2%00 psi)
3 High temperature (550 F)
4, Forced flow (20000 lbm/sec per SG)

SG secondary

. High pressure (1100 psi peak, 1000 p.si nominal)
Low level (2 ft)

Essentially no superheat

‘ Low flow (<50 lbm/sec per SG)

& WM



I1I. MFW Overfeed

Subcooled

2s Medium pressure (1500-2008 psi)

3 High temperature (500-550"F)

4, Forced flow (20000 lbm/sec per SG)

B, SG secondary
1. High pressure (800-900 psi)
2 Medium to high level (25-50 ft)
3 Essentially no superheat
4, High MFW flow (1500 lbm/sec per SG)
- 35 Low steam flow ({50 lbm/sec per SG)
¥, EFW Operation (Normal)
A, RCS
1, Subcooled
- High pressure (1800-2200 8-1)
: 4% Hi3k temperature (525-550"F)
4, Forced flow (20000 lbm/sec per SG)
B. SG secondary
B High pressure (800-1000 psi)
2 Low level (2 ft)
3 Essentially no superheat
4

J Low flow (<50 lbm/sec per SG)

V. EFW Operation (Natural Circulation)

Ks RCS

1. Subcooled

r High pressure (1800-2200 gli)

3 High temperature (525-580"F)

4, Natural circulation flow (800 lbm/sec per SG)
B. SG secondary

1, High pressure (800-1000 psi)

3« Medium level (20 ft)

- I Essentially no superheat

4, Low flow (L50 lbm/sec per SG)
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Ix.

SG Depressurization with SG Overfeed from MFW
RCS

1 Saturated

. &8 Medium to low pressure (500-1500 psi)

3 Medium to low temperature (250~450°F)

4, Forced flow (20000 lbm/sec per SG) or natural
circulation flow (1500 lbm/sec)

SG secondary

Medium to low pressure (0-800 psi)

Low to medium level (2-25 ft)

Possibly some superheat

Low to high FW flow (50~1500 lbm/sec per SG)
Medium to high steam flow (as much as 5000
lbm/sec per SG

W B r e
SR A

SG Depressurization with $G Overfeed from EFW

RCS

1, Saturated

2. Medium to low pressure (500-1500 pgi)

3 Medium to low temperature (250-450°F)

4. Forced flow (20000 lbm/sec per SG) or natural

circulation flow (1500 lbm/sec)

SG secondary

Medium to low pressure (0-800 psi)

Lov to medium level (2-25 ft)

Possibly some superheat

Low to high FW flow (50-1500 lbm/sec per SG)
Medium to high steam flow (as much as 5000 lbm
per second per SG

W B W o e



X. SG Depressurization Via MFW Line Break

A. RCS
i Subcooled
 § Medium to high pressure (é600-2200 pei)
. High remperature (525-550"F)
4, Forced {low (20000 1lbm/sec per SG)

B. SG secondary
1 Medium to low pressure (0-800 psi)
2+ Low level (2 ft) '
- No superheat
4, Low EFW flow (50 lbm/se¢ per SG)
. Medium to high break flow ‘28 much as 3000 lbm

per sec per SG
X1. SG Dryout
A, RCS

| g Subcooled

r High pressure (1800-2500 8.1)

3, High temperature (550-600"F)

4, Forced flow (20000 lbm/sec per 3G)

B. SG secondary
5 High to low pressure (0-1000 psi)
- Low to medium level (0-25 f¢t) during dryout
3 Possibly some superheat
4, No FW flow
- Low steam flow



XII.

Restoration of MFW to a Dry SG

RCS

1, Subcooled, saturated or superheated

. Any pressure 3

3 Probably high temperature (550-650"F)

4, Forced flow (20000 lbm/sec per SG) or natural

circulation flow (essentially stagnant)

SG secondary

Low to high pressure (0-1000 psi)
Zero level

Possibly some superheat

Low FW flow (50 lbm/sec per S$G)
Low steam flow (50 lbm/sec per SG)

L e
* s e = =

Restoration of EFW to a Dry SG

RCS

L, Subcooled, saturated or superheated

2 Any pressure e

3. Probably high temperature (550-650°F)

4, Forced flow (20000 lbm/sec per SG) or natural

circulation flow (essentially stagnant)

SG secondary

Low to high pressure (0-1000 psi)
Zero level

1

$%

3, Possibly some superheat

4. Low FW flow (50 lbm/seec per SG)

5 Low steam flow (50 lbm/sec per SG)



X1v.

XV.

A.

SBLOCA / High Elevation Boiler-Condenser Cooling

RCS

s Saturated

2 Medium t> high pressure (600-2500 pgi)
3. Medium to high tempeiature (450-650"F)
4, Essentially no flow

SG secondary

Low to high pressure (0-10U00 psi)
Medium level

No superheat

Low EFW flow (50 lbm/sec per SG)
Low steam flow (50 lbm/sec per SG)

LW I PR S N
&« ® & = @

Steam Cenerator Tube Rupture

RCS

N Subcocled or saturated

- 2 Low to high pressure (300-2000 psi)

3 Low to high temperature (250-350°F)

4, Forced flow or natural circulation flow

SG secondary

Low to high pressure (0-1000 psi)
. Low to high level (2«50 f¢t)
No superheat
. Low FW flow (less than 50 lbm/sec per SG)
Primary System radionucleide contam‘nation present

AT IR R
- - >



Primary Syetem Phenomena

1) Subcooled high flow
heat transfer

2) Subecooled low flow
heat transfer

3) Inter~-tube circulation
and flow patterns

4) Condensation of voids
inside SG tubes

5) Natural circulation
flow degradation due to
two-phase conditions

6) Two-phase flow through
small tubes

Coundition

I-1V, VI-XIII, XV

Vs ¥1 V12T, IX, X1, X111,
V-VI, IX, XIII-XV

vi, VIII, IX, XII-XV

vIiri, 1x, Xxrr, xIir, xv

XV

SG Secondsry Side Phenomena gondition

l) Saturated boiling
(high flow rate)

2) Saturated boiling
(low flow rate)

3) Departure from nucleate
boiling

4) Film boiling

5) Heat transfer to super-
heated steanm

6) Interphase drag

7) Interphase heat
transfer

8) Tube support plate
separation

I, VII-X, XII, XIII, XV

I1-XV

I, VIII, IX, XI-XIII

Same as (3)

Same as (3)

[-XV

I-XV

Le 15, V123X, 213, 2V

Xv



SG Secondarv Side Phenomena Condition (continued)

9) Subcooled heat ITII-X, XII-XIV

10) EFW wetting IV-VITI, 1IX, XIII, X1V

11) EFW radial spreading WeVII, IX, XII1, X1V

12) Tube support plate TV«¥Il, IX, 211%, X1V
pooling

13) Heat transfer to XI1I

passive heat structures

14) Separation and v
transport of {odine
while steaming
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Attachment #5
NRC/EGEG List

3qIS ANVONOOES

ON POy ISWUROUD) J9T708

poawToR]

o Sqn IONRISURH TS
W ISRADSR] UTEH USNOIY
w7 Weeng (WEOIQ 10) Uedo
Inenpeed o

UOTIR(U] Iienpeey AITTTXY
W0TIR(U] IMespee] UTER

N 99WYg on]

N oWy STRITS

NOILIONOO 80 RIVIS 9810

SINGTSNWVIL (ETA1INGAT 304 NOLLIANOO 3O 3UVLS U5l 1 FHVL



peon]

WOU] Sqry JojeIusn weons

SuT] 1Menpooy Uiy weRouy
Suy] weeng (wewnaq 1o) wed
1ungoy oy

W10 U] 10jerpooy Arw||pmy

WISl U] Jenpoey uTey
nis

IN 9poy Jesuepuy) Jofjog
ON oowy) ony

IN sowyj SPug

UOTIOBAIY) POOIO

NS VI

NOLLIONO ¥O RIVIS 980

—T=Ts=

-

| -

<

| |

e et

|-

| D | et | D | D,

=S

— |

g | P

44 -

44

— H+4 4 1

44

saturated flow oiling

ool n2tsal convective heat tranafer

pool boiling

rivulet neat tranafer
faliing film neat tranafer
non-equilibrium heat transfer
flashing

interpnase heat tranafer

|

SNOTLIANDD ONILVHAS) (500 HOd VNEORNEILT 90 WLV TAT o

i1 ¥mvlL



