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a McDermott company 3315 Old Forest Road
P O. Box 10935 '
Lyncheure VA 24506-0935
(804) 385 2000January 12, 1988

ESC-027

To: Technical Advisory Group

Subject: TAG Meeting Minutes

Gentlemen:

Attached are the minutes from the November l'7, 1987 TAG meeting held in
Charlotte, North Carolina. Comments have been incorporated and. these
minutes now constitute the official record of TAG Meeting #2.

Very truly yours,

.
.

&

J. R. Pal ug
Project Manager
Owners Group Engineering Services

JRP/vtw
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cc: TAG Members

R. A. Dieterich - SMUD.

Richard Lee - NRC
Jean-Pierre Sursock - EPRI

B&WOG TAG Subcommittee

S. Nesbit OPC-

C. Turk AP&L-

L. Lanese - GPU
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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 Charlotte, NC on November 17, 1987. All TAG members

were present 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 was to discuss the various lists 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 relating to the OTSG and AFW-
issues to be addressed by the TAG process. The mmbers 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.

B&WO6/8&W List (Attachment 82) - 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 be
considered phenomena, whereas the effects of degraded and plugged tubes is
more an issue. However, both wetting and tube degradation effects need to be
considered for the AFW Criteria item.

g&WOG/EPRI list (Attachment #3) Lou Lanese and Jean-Pierre Sursock explain-
ed the approach taken to produce this list of phenomena. The RELAP5/M002
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
both Lou and Jean-Pierre.

'

8&WOG/0PCo list (Attachment 84) - The list was provided by Steve Nesbit of
DPCo. The groundrules considered were; what conditions are the SG's operated i

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 might exist in the OTSG. The ranges for
pressure, temperature, flow, etc. are based on engineering and operational
experience, not Tech Spec or FSAR conservative limits or assumptions.

1

__



\.

-~ ~

..;

.

;
NRC/[G&G List (Attachment 851 - Keith Condie presented the NRC list. The
list. consisted of two matrices, one +. hat related transients to OTSG states /
conditions, and another that related che OTSG states / conditions to phenomena.
The transients listed were basicall) those previously evaluated by .EG&G for
PTS concerns. The OTSG states ircluded both primary and secondary sideconditions. The group recommended : hat this category would best be renanted -
"0TSG processes" which would better relate to transients. The phenomena list
was very comprehensive and a good snarting point for the group consolidationeffort.

-

Ouring the list presentations various associated items. were discussed.
Warren Lyon inquired 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 eventlist in this process. Steve Nesbit and Charles Turk responded that the most
benefit for industry would come from consideration of safety, licensing anddesign bash 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 predicted bycodes. The general opinion was that as long as a pool has.been established,the necessary density gradient will not exist, and this process will notoccur.

After the list presentations, the discussiol centered on possible methods for
combining the information into a usable form. The group unanimously ; greedto adopt the matrix format used in the NRC/EG&G list. Three lists are
nccessary for this format; transients, processes and phenomena. Each member
is to prepare their lists under those headings for the next meeting. It was
suggested (Warren Lyon) to use PRA experience to help develop the lists. But
the PRA process is not heavily involved in thermal 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 model (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

-2
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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
crocesses which include chenomena.

At this point, a listing of transients began. The NRC/EG&G list 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 list,
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
usee 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 d'iscussion 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: All menibars provide the three subject lists of transients, processes
and phenomena to Joe Paljug by 12/2/87. B&W to attempt the consoli-
dation 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 remaining 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: The members 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

3-

_.



. -

1.

,

.

suitability of code models, but rather to focus on data needs for those
phenomena determined to be. important to transient analysis. The flavor of
the "analysis" terms used in the Charter was te indicate that it may be
possible 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 information on meeting location, hotel reservations, etc. in the near
future. Agenda items will include; selection criteria, weighting factors,-

transient / process / phenomena list consolidation, and final report outline.

.
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ATTACHMENT #1

TAG Meetina 2 - November 17. 1987

Name Comoany _Irlechone Number

Joe Paljug C&W 804-385-3674

_
Bob 01eterich SMUD 209 333-2935, x4008

Dennis Blakely TED 419-249-5000, x4429

Steve Nesbit OPCo 704-373-8197

Charles Turk AP&L 501-377-5931

John Klingenfus B&W 804 385-3294

Martin Parece B&W 804-385-2183

Paul Guill DPCo 704-373-2844

Tom Moskal B&W 216 821-9110

T. K. Larson INEL 208 526 9683

Thad Knight LANL 505-667-3113

Jim Wolf INEL 208-526-9768

Keith Condie INEL 208-526-9383

Richard Lee NRC 301-443-7915

Louis Shotkin NRC 301-443-7825

Lou Lanese GPUN 201-316-7127

Jean-Pierre Sursock EPRI 415-855-2410
Warr n Lyon NRC 301-492-7000

Hal Ornstein AE00

|
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ATTACHMENT #2

B&WOG/B&W List

Event / Item Issue / Phenomena

AFW Criteria AFW wetting / penetration including degraded and
- plugged tubes.

SLB/ Steam Flow AFW Carryover / PTS

Liquid Entrainment (Pool)

Liquid Holdup (SG Spatial Variations)

SG Heat' Transfer (Level Swell)

Full Power Operation Tube plugging effects, local SG effects.

Station Blackout AFW heat transfer, flow, spreading.

SG Refill (Dry, Depress.) Interphase drag, direct contact heat transfer,
film behavior on tubes, AFW heat transfer.

ICC SG refill.

Over/Undercooling PT Limits

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

SGTR AFW wetting, carryover.

SG decontamination factor, Leak carryout.

Natural Circulation AFW wetting, heat transfer, Pool height.

SG Overfeed Aspirator Behavior

SG Heat Transfer

Saturated Operation

. _ ._. . . . . __ ,_
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Attachment #3
B&WOG/EPRI list

!
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Source / Sink
Constituitive Term in

Relations-and Models ConservationPhenomena Affected by Phenonena Ecuations
Entrainment Interphase drag FI
Carry-Over_

Mixture Level
.--__--____-__-_-_-___-_-_ ---_-_-__-_-------_---_--__---_--__-.
Non-Equilibrium Volumetric mass trans- Gamma I

Thermodynamics far between phases

conder.sation -

Boiling

Flashing Radiation transport PF-
___ -_-_-_-__--__-_-__--_________-_ ...---_ ---____-_-_-_---__--
Critical Flow Discharge coefficient C
Non-Equilibrium Critical Flow Model WCRIT
-.. _--_-___-_ -----_____-----_--_-_-_--____------____.. __----__
Cross-Flow Multi-dimensional

approximations of con-
servation equations

Flow regimes
Nodalization 1

Averaging of conserva- ;
tion equations i

----_-___-_-_----_-_-____--_-_-___-_-_-__-_-____-_____-_--__-_--
Geometry Choice of heat transfer HW

correlation HI
i

Energy dissipation EI '

Averaging of conserva-
3tion equations
!_-_-_ -__-___----___-__----__-__ -_---__--_-__ -_-_____--___-___ l

Tube Support Plate Heat transfer area cal- A
Flooding culation

Geometry Nodalization
Chemistry
AFW Spreading Radiation Transport PF
Fouling
Plugging
__-____-_---__--.--_---_--_-_-_-_-____--_ ___-__-__ __------___

, - - - - , - . - - , , , ,,-,,1 - -- -, - r--- , - - - - - - ~ - -
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NOMENCLATURE

FI Interphase drag coefficient-

Gamma I Interphase mass transfer-

-

PF Iodine partition factor-

Discharge coefficientC -

WCRIT Critical flow rate-

HW Wall heat transfer coefficient-

HI Interphase heat transfer coefficient-

EI Energy dissipation-

A Heat transfer area-

HI Interphase heat transfer coefficiant-

I

1

1
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OTSG
Tube

Loading

Static Tube

Loading Dynamic
Loads

I I
Fksid Void! RCS OTS G |pegg. y

Pressuse Pressure Vdocity Fsaction
3 - Dim

4
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!
- Temp Temp Flow N ryover Transfer
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Attachment #4
B&WOG/DPCo List

-

I. Power Operation

A. RCS

1. Subcooled
2. High pressure (2100-2200.gsi)
3. High temperature.(550-605 F)
4 Forced flow (20000 lbm/see per SG)

B. SG secondary

1. High pressure (900 psi)
2. Hedium level (25-30 ft) '

3. High.superheat (55-60"F)
4. Nominal flow (1500 lbm/see per SG)

II. Normal Post Trip Operation

'A . RCS-

1. Subcooled
2. High pressure (1800-2200 psi)
3. High temperature (550 F)
4 Forced flow (20000 lbm/sec per SG)

B. SG secondary

1. High pressure (1100 psi peak, 1000 psi nominal)
2. Lov level (2 ft)
3. Essentially no superheat
4. Lov flow (<50 lbm/see per SG)

- . . , . _ . . ._. . . . -,, _ _ -. _ _ - , __ _ .
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III. MFW Overfeed

A. RCS

1. Subcooled
2. Medium pressure (1500-2000 psi)
3. High temperature (500-550 F)-

4. Forced flow (20000 lba/sec per SG)

B. SG secondary

1. High pressure (800-900 psi)
2. Medium to high level (25-50 ft)
3. Essencially no superheat
4 High MFW flow (1500 lbm/sec per.SG)
5. Low steam flow (< 5 0 lbm/sec per SG)

IV. EFW Operation (Normal)
.

A. RCS

1. Subcooled
2. High pressure (1800-2200 gsi)
3. Hi3h temperature (525-550 F)
4. Forced flow (20000 lbm/see per SG)

B. SG secondary

1. High pressure (800-1000 psi)
2. Low level (2 ft)
3. Essentially no superheat
4. Low flow. (< 50 lbm/see per SG)

V. EFW Operation (Natural Circulation)

A. RCS

1. Subcooled
2. High pressure (1800-2200 gsi)
3. High temperature (525-580 F)
4 Natural circulation flow (800 lbm/see per SG)

1

B. SG secondary
,

1. High pressure (800-1000 psi)
2. Medium level (20 ft)
3. Essentially no superheat
4. Low flow (<50 lbm/see per SG)

. . . - --
'
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VI. EFW Overfeed
|

A. RCS
1

| 1. Subcooled or possibly. saturated
2. ' Medium pressure (800-2000 psi)

- 3. Medium temperature (350-500 F)
~4 Forced flow or natural circulation flow

B. SG secondary

,
1. Medium pressure (400-900 p si)

l 2. Medium to high level (25-50 ft)
3. Essentially no superheat
4 Low EFW flow (<50 lbm/see per SG)
5. Essentially no steam flow

VII. SG Depressurization
.

A. RCS

1. Subcooled
2. Medium pressure (1000-2000 psi)
3. High temperature (500-550 F)
4 Forced flow (20000 lbm/ se e per SG)

B. SG secondary

1. Medium to low pressure (0-800 p si)
2. Low level (2 ft)
3. Possibly some superheat
4 Low FW flow
5. High steam flow (as much as 10000 lbm/see per SG)

- _ _ - - - _ _ _ - _ - _ _ _ - _ - _ _ _ - _ _ _ _ - _ - _
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VIII. SG Depressurization with SG Overfeed from MFW q

A, RCS !
i

1. Saturated
.

|2. Medium to low pressure (500-1500 p si) ;~

3. Medium to low temperature (250-4 50 F) q
4. Forced flow (20000 lbm/sec per SG) or natural

circulation flow (1500 lbm/sec)

B. SG secondary

1. Medium to low pressure (0-800 psi)
2. Lov to medium level (2-25 ft)
3. Possibly some superheat
4 Lov to high FW flow (50-1500 lbm/see per SG)
5. Medium to high steam flow (as much as 5000

lbm/see per SG
,

II. SG Depressurization with SG Overfeed from EFW

IA. RCS '

1. Saturated
2. Medium to low pressure (500-1500 psi)
3. Medium to low temperature (250-4 50 F)
4 Forced flow (20000 lbm/see per SG) or natural

i

circulation flow (1500 lb m/ s e c ) '

B. SG secondary

1. Medium to low pressure (0-800 psi)
2. Lov to medium level (2-25 ft)
3. Possibly some superheat
4 Low to high FW flow (50-1500 lbm/sec per SG)-
5. Medium to high steam flow (as much as 5000 lba

per second per SG
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X. SG Depressurization Via MFW Line Break

A. RCS

1. Subcooled
2. Medium to high pressure -(1600-2200 psi)

- 3. High temperature (525-550 F)
4 Forced flow (20000 lbm/see per SG)

B. SG secondary

1. Medium to low pressure (0-800 psi)
2. Lov level (2 ft)
3. No superheat
4. Low EFW flow (50 lbm/see per SG)
5. Medium to high break flow (as much as 3000 lba

per see per SG

XI. SG Dryout '

A. RCS

1. Subcooled
2. High pressure (1800-2500 gsi)3. High temperature (550-600 F)
4. Forced flow (20000 lbm/see per SG)

B. SG secondary

1. High to low pressure (0-1000 psi)
2. Lov to medium level (0-25 ft) during dryout
3. Possibly some superheat
4 No FW flow
5. Lov steam flow I

;

|

|

|

|

!

|
)

- - , , . - - . . . , _ _ , , , . . . , . . . . . . , . .



_ . _

'_ .-m

*

.

XII. Restoration of MFW to a Dry SG

A. RCS

1. Subcooled, saturated or superheated
-

2. Any pressure
3. Probably high temperature (550-650 F)
4. Forced flow (20000 lbm/sec per SG) or natural

circulation flow (essentially stagnant)

B. SG secondary

1. Lov to high pressure (0-1000 p s i)
2. Zero level
3. Possibly some superheat
4 Low FW flow (50 lb m / s e e per SG)
5. Low steam flow (50 lbm/see per SG)

.

XIII. Restoration of EFW to a-Dry SG
A. RCS

1. Subcooled, saturated or superheated
2. Any pressure
3. Probably high temperature (550-650 F)
4. Forced-flow (20000 lbm / s e e per SG)jor natural

circulation flow (e s sen tially s tagnant)

8. SG secondary

1. Lov to high pressure (0-1000 psi)
2. Zero level
3. Possibly some superheat
4. Low FW flow (50 lbm/see per SG)
5. Low steam flow (50 lbm/see per SG)

_. _ __ _ _ . . ____ . ..
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XIV. SBLOCA / High Elevation Boiler-Condenser Cooling

A. RCS
,

1. Saturated
2. Medium to high pressure (600-2500 p si)

-

3. Medium to high campetature (450-650 F)
4 Essentially no flow i

B. SG secondary

1. Lov to high pressure (0-1000 psi)
2. Medium level

,

3. No superheat
4. Lov EFW flow (50 lbm/see per SG) '

5. Lov steam flow (50 lbm/sec per SG) '

XV. Steam Generator Tube Rupture i
*

'
A. RCS

t

1. Subcooled or saturated
2. Lov to high pressure (300-2000 psi)
3. Lov to high temperature (250-350 F)
4 Forced flow or natural circulation flow

B. SG secondary

1. Lov to high pressure (0-1000 p si)
2. Lov to high level (2-50 ft)
3. No superheat
4 Low FW flow (less than 50 lbm/see per SG)
5. Primary System radionucleide contamination present

;

!

!

!
1
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Primary System Phenomena Condition

1) Subcooled high flow I-IV, VI-XIII, XV
heat transfer

2) Subcooled low flow V. VI,.VIII, IX, XII, XIII, XV
heat t rans f e r

3) Inter-tube circulation V-VI, IX, XIII-XV
and flow patterns

4) Condensation of voids VI, VIII. IX, XII-XV
inside SG tubes

5) Natural circulation VIII, IX, XII, XIII, XV
flow degradation due to
two-phase conditions

6) Two-phase flow through XV
small tubes

SG Secondary Side Phenomena Condition

1) Saturated boiling I, VII-X, XII, XIII, XV
(high flow rate)

2) Saturated boiling II-XV
(low flow race)

3) Departure from nucleate I, VIII, IX, XI-XIII
boiling

4) Film boiling Same as (3)
5) Heat transfer to super- Same as (3)heated steam

6) Interphase drag I-XV i

7) Interphase heat 'I-XV
transfer

8) Tube support plate I, II, VIII-X, XII, XV
separation
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SG Secondary Side Phenomena Condition (continued).

9) Subcooled heat III-X, XII-XIV

10) EFW vetting IV-VII, IX, XIII, XIV

~

11) EFW radial spreading IV-VII. IX, XIII, XIV

12) Tube support place IV-VII. IX, XIII, XIV
. pooling

13) Heat transfer to XII
passive heat structures

14) Separation and XV
transport of iodine
while steaming
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