w.mmm. W"‘f mta Nuciear Technology Divisian
tlectric Corporation Divisions i

Pirtsburgn Pennsyivaria 15230

July 30, 1980
NS-TMA-2285

Mr. James R. Miller, Chief

Special Projects Branch

Division of Project Management

U. S. Nuclear Regulatory Commission
Phillips Building

7920 Norfolk Avenue

Bethesda, Maryland 20014

Dear Mr. Miller:
Enclosed are:

(1) Forty (40) copies of the responses to the questions forwarded in
Reference 1 (Proprietary).

(2) Twenty (20) copies of the responses to the questions forwarded in
Reference 1 (Non-Proprietary).

Also enclosed are:
(1) One (1) copy of Application for Withholding, AW-76-42 (Non-Proprietary).
(2) One (1) copy of Affidavit (Non-Proprietary).

This submittal provides the balance of the additional information requested
by the NRC in Reference 1 on the Westinghouse Electric Corporation topical
report WCAP-9226 (Proprietary) and WCAP-9227 (Non-Proprietary), "Reactor
Core Response to Excessive Secondary Steam Releases." Reference 2 provides
the responses to the remaining questions.

This submittal contains proprietary information of Westinghouse Electric
Corporation. In conformance with the regquirements of 10CFR Section 2.790,
as amended, of the Commission's regulations, we are enclosing with this
submittal an application for withholding from public disclosure and an
affidavit. The affidavit sets forth the hasis on which the information
may be withheld from putlic disclosure by the Commission,
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Mr. James R. Miller -2- July 30, 1980
NS-TMA-2285

Correspondence with respect to the .ffidavit or applicaticn for withhold-
ing should reference AW-80-45, and should be addressed to R. A. Wiesemann,
l{anager, Regulatory & Legislative Affairs, Westinghouse Electric Corpora-
tion, P. 0. Box 355, Pittsburgh, Pennsylvania 15230.

Very truly yours,

ol Lene—

T. M. Anderson, Manager
Nuclear Safety Department

/bek
Enclosures

References:

(1) Letter from John F. Stolz to T. M. Anderson dated September 26, 1978.
Subjer*. "Review of WcCAP-9226"

(2) .etter NS-TMA-2080, T M. Anderson to John F. Stolz, dated May 7,
1979, WCAP-9226 Round 1 Question Responses.

cc: T. P. Speis
B. J. Youngblood
J. Guttmann



Water Reactor Nuciear Technglogy Division

Westinghouse
Electric Corporation Divisions Box 368

Pittsourgn Fennsyivania 15230

July 30, 1980
AW-80-45

Mr. James R, Miller, Chief

Special Projects Branch

Division of Project Management

U. S. Nuclear Regulatory Commission

Phillips Building

7920 Norfolk Avenue

Bethesda, Maryland 20014

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

SUBJECT: Responses to Questions on WCAP-3226, "Reactor Core Response to
Excessive Secondary Steam Releases”

REF: Westinghouse Letter No. NS-TMA-2285, Anderson to Miller, dated
July 30, 1980

Dear Mr. Miller:

The proprietary material transmitted by the referenced letter supplements
the proprietary material previousiy submittea by Westinghouse concerning
reactor core response to excessive secondary steam reieases. Further, the
affidavit submitted to justify the material previcusly submitted, AW-76-42,
is equally applicable to this material.

Accordingly, withholding the subject informaticn from public disclosure is
requested in accordance with the previously submitted affidavit and appli-
cation for withholding, AW-76-42, dated September 29, 1976, a copy of which
is attached.

Correspondence with respect to this application for withholding or the
accompanying affidavit should reference AW-80-45, and should be addressed
to the undersigned.

Very truly yours,

£ e
l,’
d{5¢L1552£L/0b¢¢mzut4¢oc.’)
/bek Rebert A. Wiesemanrn, Manager
Attachment Regulatory & Legislative Affairs

cc: E. C. Shomaker, Esq.
Office of the Executive Legal Director, NRC
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September 29, 1976
AWN-76-42

Mr. John F. Stolz, Chief

Light Water Reactors Project
Division of Project Management
Office of Nuclear Reactor Regulation
U. S. Nuclear Requlatory Commission
7920 Norfolk Avenue

Bethesda, Maryland 20014

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

SUBJECT: WCAP-8822, "Mass and Energy Releases Following a Steam Line
Rupture" (Proprietary)

REF: Westinghouse Letter No. NS-CE-1220 Eicheldinger to Stolz
Dated September 29, 1976

Dear Mr. Stolz:

This application for withholding is submitted by Westinghouse Electric
Corporation (“Westinghouse") pursuant to the provisicns of paragraph
(b)(1) of Section 2.780 of the Commission's reguiations. Withholding
from public disclosure is requested with respect to the subject infor-
- mation which is further identified in the affidavit accompanying this
application.

The undersigned has reviewed the information sought to be withheld and
is authorized to apply for its withholding on behalf of Westinghouse,
WRD, notification of which was sent +0 the Secretary of the Commissicn
on April 19, 1976.

The affidavit accompanying this application sets forth the basis on
which the information may e withheld from public disclosure by the
Commission and addresses with sgcecificity the considerations listed in
paragraph (b)(4) of Section 2.790 of the Commission's reguliations.

Accordingly it is respectfully requested that the subject informaticn
which is proprietary to Westinghcuse and which is further iden'fied in
the affidavit be withheld from public disclosure in accordance with 10 CFR
Section 2.790 of the Commission's regulations.



Mr. John F. Stolz -2~ September 29, 1976
AW-76-42

Correspondence with respect to this application for withholding or the
.accompanying affidavit should reference AW-76-42 and should be addressed

1o the undersigned.
Yery truly yours,

’é’/{c,%[/w’md{)

Robert A. Wiesemann, Manager
Licensing Programs

/smh
Enclosure

cc: J. W. Maynard, Esq.
Office of the Executive Legal Director, NRC



AW-76-42

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:
SS

TOUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared
Robert A. Wiesemann, who, being by me duly sworn according to law, de-
poses and says that he is authorized to execute this Affidavit on behalf
-of Westinghouse Electric Corporation ("Westinghouse") and that the aver-
ments of fact set forth in this Affidavit are true and correct to the

pest of his knowledge, informaticn, and belief:

’864@2(.&&’.2. »uluD

Robert A. Wiesemann, Manager
Licensing Programs

Sworn to and subscribed

before Ve this?  day

of SAiloly 1976

//Notary Public

-
[ VAR

13,1978

gl R LV'AS v e

12
,.



(1)

(2)

(3)

(4)

AW-76-42

I am Manager, Licensing Programs, in the Pressurized Water Reactor
Systems Division, of Westinghouse Electric Corporation and as such,
1 have been specifically delegated the functicn of reviewing the
proprietary information sought to be withheld from public dis-
closure in connection with nuclear power plant licensing or rule-

~making proceedings, and am authorized to apply for its withhelding

on behalf of the Westinghouse Water Reactor Divisions.

I am making this Affidavit in conformance with the provisions of
10 CFR Section 2.790 of the Commission's regulations and in con-
junction with the Westinghouse application for withholding ac-
companying this Affidavit.

1 have personal knowledge of the criteria and procedures utilized
by Westinghouse Nuclear Energy Systems in designating information
as a trads secret, privileged or as confidential commercial or

financial information.

Pursuant to the provisions of paragraph (b)(4) of Section 2.790
of the Commission's regulations, the following is furnished for
consideration by the Commission in determining whether the in-
formation sought to be withheld from public disclosure should bte
withheld.

(1) The information sought to be withheld from public disclosure
is owned and has been held in confidence by V' .inghouse.



-2- AW-76-42

(1) The information is of a type customarily held in confidence by
Westinghouse and not customarily disclosed to the public.
Westinghouse has a rational basis for determining the types of
information customarily held in confidence by it and, in that
connection, utilizes a system to determine when and whether to
hold certain types of information in confidence. The ap-
plication of that system and the substance of that system
constitutes Westinghouse policy and provides the rational
basis required.

Under that system, information is held in confidence if it
falls in one or more of several types, the release of which
might result in the loss of an existing or potential com-
petitive advantage, as follows:

(a) The information reveals the distinguishingAaspects of a
process (or component,=structure, tool, method, etc.)
where prevention of its use by any of Westinghouse's
competitors without license from Westinghouse constitutes
a competitive economic advantage over other companies.

(b) It consists of supporting data, including test data,
relative %o a process (or component, structure, tool,
method, etc.), the application of which data secures a
competitive economic advantage, e.g., by optimization or
improved marketability.



(c)

(d)

(e)

(f)

(9)

-3- AW-76-42

Its use by a competitor would reduce his expenditure
of resources or improve his competitive position in the
design, manufacture, shipment, installation, assurance
of quality, or licensing a similar product.

1t reveals cost or price information, production cap-
acities, budget levels, or commercial strategies of
Westinghouse, its customers or suppliiers.

It reveals aspects of past, present, or future West-
inghouse or customer funded development plans and pro-
grams of potential commercial value to Westinghouse.

It contains patentable ideas, for which patent pro-
tection may be desirable.

It is not the property of Westinghouse, but must be
treated as proprietary by Westinghouse according to
agreements with the cowner.

There are sound policy reasons behind the Westinghouse.
system which include the following:

(a)

The use of such information by Westinghouse gives
Westinghouse a competitive advantage over its com-
petitors. It is, therefore, withheld from disclosure
to protect the Westinghouse competitive position.



(1i1)

(iv)

(v)

8= AW-76-42

The information is being transmitted to the Commission in
confidence and, under the provisions of 10 CFR Section 2.790,
it is to be received in confidence by the Commission.

The information is not available in public sources to the
best of our knowledge and belief.

The proprietary information sought to be withheld in this sub-
mittal is that which is appropriately marked in WCAP-8822,
“Mass and Energy Releases Following a Steam Line Rupture,”
(Proprietary), being transmitted by Westinghouse Letter

No. NS-CE-1220, Eicheldinger to Stolz, dated September 29,
1976. This report is being submitted pursuant to the NRC's
Topical Report Program for generic review by the Regulatory
Staff and is expected to be referenced in several license ap-
plications. |

This information enables we;finghouse to:

(a) Justify the design basis for emergency systems.
(b) Assist its customers to obtain licenses.

(¢) Optim{ze long-term cooling design.

Further, this information has substantial commercial value
as follows:



-6- AW-76-42

(a) Westinghouse sells the use of the information to its
customers for purposes of meeting NRC requirements for
licensing documentation.

(b) Westinghouse uses the information to perform and justify
analyses which are sold to customers.

Public disclosure of this information is likely to cause sub-
stantial harm to the competitive position of Westinghouse
because it would enable others to use the information to meet
NRC requirements for licensing documentation without purchasing
the right to use the information.

The development of this information is the result of many years
of Westingnouse effort and the expenditure of a considerable
sum of money. '

In order for competitors of Westinghouse to duplicate this
information, similar engineering programs would have to be’
performed and a significant manpower effort, having the
requisite talent and experience, would have to be expended

for data analyses and code development.

Further t.ae deponent sayeth not.



WCAP-9226 "REACTOR CORE RESPONSE TO EXCESSIVE SECONDARY STEAM RELEASES"
RESPONSE TO FIRST ROUND QUESTIONS - STATUS SUMMARY

guest1on

212.1
212.2
212.3
212.4
212.5
212.6
212.7
212.8
212.9
212.10
¢i2.11
212.12

222.1
222.2
222.3
222.4
222.5
222.6
222.7
222.8
222.9
222.10

Response in:

NS-TMA-2285
NS-TMA-2285
NS-TMA-2080
NS-TMA-2080
NS-TMA-2080
NS-TMA-2080
NS-TMA-2080
NS-TMA-2080
NS-TMA-2285
NS-TMA-2285
NS-TMA-2080
NS-TMA-2285

NS-TMA-2285
NS-TMA-2285
NS-TMA-2080
NS-TMA-2080
NS-TMA-2080
NS-TMA-2285
{S-TMA-2080
NS-TMA-2285
NS-TMA-2080
NS-TMA-2080

guestion

222.11
222.12
222.13
222.14
222.15

231.1

232.1
232.2
232.3
232.4
232.5
232.6

Response in:

NS-TMA-228S
NS-TMA-2080
NS-TMA-2285
NS-TMA-2285
NS-TMA-2080

NS-TMA-2080

NS-TMA-2285
NS-TMA-2080
AS-TMA-2080
NS-TMA-2285
NS-TMA-2285
NS-TMA-2285
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Q)

A)

212.1 Provide in tabular form a list of NSS features (3-Toop, UHI, etc.)
covered by the analyses presented in WCAP-9226 so that applicants
referencing this report can show, by comparison, its applicability
to their plant designs.

212.1

decause the main purpose of WCAP-9226 (WCAP-9227) is to show the sensitivity
of the steamline break to a variety of plant feature variations, initial
conditions, operating modes and break sizes, the applicability of the report
is very extensive. The relevant NSSS features which define applicability,
are listed below:

No. of Reactor Coolant Loops Jord

Fuel type any :

Steamline break protection system WCAP-9226, Figure 1.2-1
System 1 or System 2

Safety Injection System WCAP-9226, Figure 1.2.2

Protection System Features Overpower and DNB protection

trips steamline break
protection (see above)

Steam generator model Any model
with or without integral
steam flow restrictor

Upper head injection 3 Toop - not applicable
4 Toop - with or without UHI

The absence of any of these features does not necessarily render the report
unapplicable. Exceptions will be evaluated on a case-by-case basis on
individual plants at the time Westinghouse performs the FSAR analysis.

There are many implicit plant characteristics inherent to the information
above, e.g. all 3 loop plants have the same pressurizer volume. These details
are implicitly considered in arriving at the criteria above.

The WCAP provides, for plants which may reference it, the basis for the
FSAR case assumptions. This case is presented in a plant specific analysis
for each applicants' FSAR. The report is written specifically tc address
the licensing guidelines of Regulatory Guide 1.70, Rev. 2.



Q)

A)

212.2 Provide in tabular form a list of interface requirements by components
and systems outside Westinghouse scope of supply which must be met by
referencing applicants to satisfy the assumptions in WCAP-9226. For
example, WCAP-9226 assumes that systems which control the operation
of power-operated steam relief and stam dump valves are designed so
that a single failure will not cause simultaneous opening of all
valves.

212.2

Because WCAP-9226 restricts itself exclusively to the reactor core response for
steamline rupture accidents, very few Balance of Plant (BOP) systems are of
relevance to the results. When the NSSS meets the criteria given in the
response to Question 212.1, no BOP systems or signals are needed tc either

trip the reactor or actuate any engineered safeguards systems.

The analysis has been performed assuming that the plant is designed and
constructed according to the requirements given to the Architect Engineers.
The requirements which are of significance to the steamline break accident
are summarized below:

Main Steam Line Valves

- A valving arrangement is required which will function to shut off flow
from either the forward or reverse directions in the steam line from
each steam generator within five (5) seconds after receipt of a steam
line isolation signal. This is to prevent uncontrolled blowdown from
more than one steam generator. 1

- These valves are to be located outside the containment builling as
close to the containment as practical and downstream of the steam
generator safety and relief valves.

- For any break, in any location, no more than one steam generator would
blowdown through the break event if one of the isolation valves fails to
close. In addition all steam generators are assumed to blowdown until
steamline isolation is completed.

- For breaks downstream of the isolation valves, closure of all valves
would completely terminate the blowdown.

Main Feedwater Isolation

= Redundant isolation of main feedwater lines:

[n addition to the normal control action which will close the feedwater
control valves, a safety injection signal will rapidly close all feedwater
control valves and backup feedwater isolation valves, trip the main
feedwater pumps, and close the feedwater pump discharge valves.




The feedwater control valve and backup feedwater isolation valve must
close in five seconds during emevgency conditiuns, i.e., feedwater
isolation.

Other Main Steam System Valves

The valves upstream and downstream of the main steam isolation valves,
i.e., steam generator safety, relief, and steam dump valves, shall be
sized such that the maximum capacity of any single valve does not exceed
1,050,000 1b/hr steam at 1300 psia. This is necessary to meet criteria
for the accidental depressurization of the main steam system.

Multiple failure of these valves cannot be postulated as the result of
any single failure. This guarantees that the most limiting single
failure is minimum boric acid injection capability. Assuming a single
failure of a valve upstream of the main steam isolation valves is less
severe than assuming a failure in the ECCS which would impair delivery of
boron from the Boron Injection Tank. Any single failure that causes a
failure of the main steam isolation valves shall not cause a failure

of valves downsteam of the main steam isolation valves.

The control of the power operated relief valve must be independent and
designed sucn that no single failure can cause opening of greater than
1 (one) power operated relief valve.

Other

Instrument air is only required for normal operation of the air-operated
valves. :

The Low Steamline Pressure Signal is lead-lag compensated. The transfer
function for the legd-lag compensation is represented in Laplace Transform

1,° + 1
— Pi(s) is the measured steamline pressure

% * 1

1

and Po(s)z = output from the compensation. The purpose of the lead-lag
compensation is to decrease the time required to attain an acutation
signal by sensing the rate of pressure change as well as the actual
steam pressure and thus result in an output pressure signal which is
Tower than the actal steam pressure. Actuation occurs when Po (s)
reaches the Tow steamline pressure setpoint.

form as P, (s) =

Westinghouse will provide to the balance of plant designer with the
Tow steamline pressure lead/lag compensation time constants (1 and 12)
for the steamline break protection system.

A failure of any main steam line or malfunction of a valve installed
therein or any consequential damage must not:

1. Inmitiate a loss of coolant accident,

2. Render inoperable any safeguard service,

3. Impair the containment building,



4, Reduce flow capability for the auxiliary feedwater system below
minimum required, nor permit feedwater addition at a rate greater
than the maximum auxiliary feedwater capacity for more than ten
seconds after the occurrence.

A .3sult in uncontrolled fiow from more than one steam generator, or

Break lines in other loops which by themselves cause a Reactor
Coolant System cooldown of 100°F/hr or greater.

- The residual steam load due to steam since in the main steam system
downstream of the MSIVs shall not exceed the equivalent flow from
the largest safety, relief or steam dump valve, failed fully open.



Q)

A)

212.9 WCAP-9226 should provide time-dependent graphs of the following
parameters for the limiting case at hot shutdown and the
limiting case at full power (in addition to those provided)

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

steam generator pressure-

steam generator level

steam generator UA used in analysis
break discharge flow

steam generator fluid temperature
fuel and cladding temperatures
steamline feedwater flow rates
pressurizer water level

reactor power

All graphs must be scaled and labeled to permit evaluation.

212.9
The additional

coolant temperatures are much less than nominal,

ature can be in

For the limiting breaks at full
are the steam generator level

ature. The fue
coolant tempera
generator graph
tubes and there

graphs requested for the hot shutdown case are provided.
Because the DNB design basis is met for the Timiting case and because

fuel and cladding temper-

ferred from the graph of average coolant temperature. The
steam generator is modelled as a saturated mixture, hence the steam
temperature can be inferred from the steam pressure graph, which is provided.

power the only graphs that are not provided
» Ssteam generator UA and fuel/cladding temper-

1 and cladding temperature can be easily inferred from

ture since the DNB design basis is met.

The additional steam

would only show that the level is above the top of the

is full UA prior to trip.
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Q) 212.10 Provide a summary table of all events analyzed giving Timiting

values of pertinent variables to permit comparison and evaluation.
Aj  212.10

The following table shows the requested information. The ONB value given
for each case is shown as a ratio to the reference case value.

CASE

RELATIVE
MINIMUM

DONBR
. 9a:c)

1) Reference case 312 plant }
2) as 1) with full safeguards
3) as 2) with a steam generator relief valve failed
4) as 1) with extra 20% allowance on low steamline

pressure setpoint
5) as 1) with pressurizer on faulted loop
6) as 1) different feed flow assumption Figure 3.1-11

through 3.1-14
7) as 1) with extra 10% in moderator density coefficient
8) as 1) with less 10% in moderator density coefficient
9) as 1) with extra 10% in boron coefficient
10) as 1) with less 10% in boron coefficient
11) as 1) with extra 10% in power coefficient
12) as 1) with less 10% in power coefficient
13) as 1) with extra 10% in RCS flow rate
14) as 1) with non-dry break flow
15) 412 plant
16) 412 plant with UHI
17) as 1) with uppcr head initial at Tpot
18) as 1) with pre-heat steam generator
19) as 1) with one loop initially out of service

as 1) with 1.3 ft2 split break




LT SORES S NSRS

Q)

R)

222.1 Provide a detailed flow diagram for the primary and secondary systems
identifying all the components considered in the steam line break
accident analysis.

222.1

A flow diagram is attached, showing the relevant components and systems con-
sidered in the steamline break analysis. Specifically these include:
- Reactor Coolant Piping (multi-loop)
- Steam Generators
- Reactor Vessel
- Reactor Coolant Pump
- Steam flow - to turbine
- to break

- Feedwater flow - main feedwater

- auxiliary feedwater
- Plant Control Systems

- CVCs

- pressurizer pressure control

- automatic control rod control

- turbine bypass (steam dump)

- steam generator relief valves
- Plant Protection and Engineered Safeguards Features
Reactor trip
Turbine trip
Safety injectin system
Auxiliary feedwater system
Primary (pressurizer) safety valves
Secondary safety valves
- Steamline and feedwater isolation

The assumptions governing the status of these systems are described in WCAP-9226
via parameter sensitivity studies, analyses of single faiiures and evaluations.
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Q)

A)

222.2 Provide a nodaifzation diagram used in the systems code
calculations identifying what each node represents for
all the codes used in this analysis.

222.2

The noding in the LOFTRAN computer program is fixed, and is
described in the references provided in the response to Question
212.6. The user may specify the number of nodes in the reactor
core, hot leg, steam generator primary tubes, and cold leg. For
WCAP-9226, the number of nodes assumed for each of these system
volumes are as follows:

hot leg 4 (per loop)
steam generator tubes (primary) 10 (per loop)
cold leg 4 (per loop)

core, axial 10 (per sector)



Q)

A)

222.6 Provide a detailed description of the model describing
how boron is injected from the safety injection system
into the core.

How many nodes are used in the model between the point of
fnjection in the primary system and the core? Describe
how boron transport from the point of injection in the
primary system to the center of the core was calculated
for cases with and without loss of offsite power.

222.6

Detailed descriptions of the noding, equations and system diagrams
utilized in the LOFTRAN systems computer program have been sub-
mitted to thke NRC in the referenced memos.

A slug flow model is used in the cold leg for boron transport, the
SI connections being simulated at the reactor coolant pump dis-
charge. In the WCAP-9226 calculations, two cold leg nodes (per RCS
loop) are simulated between the SI connections and the reactor
vessel inlet nozzle. Boron mixing is simulated in the reactor
vessel inlet plenum and slug flow is again assumed through the
core. The effect of reactor coolant flow on the boron transport is
inherently included in the slug and mixing models, in conjunction
with the RCS volumes in the cold leg, reactor vessel inlet plenum
and the core.

A similar model is used in the MARVEL program.

References

1)

2)

Letter NS-TMA-1802, T. M. Anderson (W) to J. F. Stolz (USNRC),
May 26, 1978, "Supplemental Information on WCAP-7907".

Letter NS-TMA-1324, T. M. Anderson (W) to J. F. Stolz (USNRC),
June 16, 1978, "Supplemental Information on WCAP-7907",
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Q)

A)

222.8 Provide the reference which was used to normalize the calculated
flow rates to measured vessel flow mixing tests. If the
reference is an internal memo, provide copy of this reference.

222.8

Data obtained from the Indian Point 1/7 scale reactor vessel model tests was
used for the selection of the "design mixing" values used for the analyses
in WCAP-3226. In response to NRC questions on WCAP-7909 the applicable

data was given and how the data is used. Equivalent assumptions are made in
the steambreak claculations performed using the LOFTRAN code. The test

data indicates that significantly more mixing occurs than is assumed in
steam line break reference case calculation. Figures 3.1-35 to 3.1-37 show
that the data usecd for the reference case is conservative.

Reference: Letter C. Eicheldinger (W) to J. F. Stolz (USNRC) NS-CE-77-1585
"Additional Information for WCAP-7909"



A) 222.11

A recent CE paper entitled "Design Analysis Using Coupied Neutronic
and Thermal Hydraulic Models" by S. G. Wagner et. al. was presented
at the Topical Meeting on Advances in Reactor Physics in Gatlerburg,
Tennessee (April, 1978). This paper presented an evaluation of

steam 1ine break analyses using a 3-dimensional coupled thermal -
hydraulic neutronic code. Compare the results of this paper with the
results of WCAP-9226. For example, the paper shows the cross flow

in fuel bundles (open channels) inserts additional reactivity. Since
WCAP-9226 assumed closed fuel channels instead of open fuel channels,
discuss how this effect was considered in WCAP-9226.

Westinghouse recognizes the existence of cross flow phenomena during steamline
break conditions and has considered their effect on the results of the

analysis.

We have concluded that:

1. For steamline break with offsite power available (full reactor coolant
flow), the closed channel model is very accurate.

2. Using DNBR as a basis (rather than reactivity, as the CE paper does),
the conclusion stated in WCAP-9226 Section 3.1.1.14 concerning the
steamline break without offsite power available, i.e., low RCS flow,
can be substantiated with an open channel model, where the effects
of cross flow is considered.

The use of closed channel calculations for the more limiting full flow cases
will continue to be the basis for Westinghouse licensing calculations.

- ————— ——— >



Q) 212.12 The results of a steamline rupture with one loop out of

service is provided for the no load condition only.
Discuss the consequences of steam line break with one
loop out of service at the permissable operating power as
well as for no load conditions.

A) 212.12

The specific analysis of a spectrum of steamline breaks with a
reactor coolant loop out of cervice is not included in WCAP-9226 for
the following reasons:

1)

2)

3)

For extremely small breaks, no reactor trip is expected to
occur, due to margin to the overpower and DNB protection trips.
This is the same effect as seen in the parametric plots of break
size in WCAP-9226 figure 3.2-23.

For intermediate size breaks (not large enough to actuate the
secondary side SI signals) reactor trip on overpower or DNB
protection trips are expected to occur, just as the cases with
all loops operating. Because the setpoints for these protection
systems during operation with one loop out of service are
derived using the same basis as thosc for all loops operating,
the adequacy of these trips to protect the core is implied.

For large breaks, the steamline signals actuate the reactor trip
(SI1) before the effects of the cooldown reach the core. This is
due to the large loop transit time in comparison to the short
protection system response time. This trip respone is sensitive
to break size per loop so that operating with one loop out of
service will not affect the sensitivity of this trip.

For the reasons above, only the cases from no load are presented in
WCAP-9226. The results show that operation with one reactor coolant
loop out of service is acceptable.

Consideration of plant specific setpoints and Technical Specification
changes to prop:rly specify other conditions of operation with one loop
out of service will be addressed by each licensee's application for a
license provision to permit this mode of operation.

6611A



Q)

a)

r

222.13 Provide the points where calculations were performed in Figure
3.1-34. In addition, provide the following:

8. Curve showing peak core average power as a function of
initial steam generator mass.

b. Time dependent axial and radial peaking factors as a
function of initial steam generator mass inventory.

c. Integral and differential steam flow.

222.13

Calculations were performed at initial (per steam generator) mass inventories
of 75,000, 100,000, 120,000, 180,000 and 200,000 1bm in addition to the
reference case of 150,000. Because all of the calculations conservatively
assume dry steam blowdown and no credit for reduction of primary to secondary
UA as the tube uncovers, there is little sensitivity to the parameters
mentioned in the question. The table below summarizes the magnitude of

the variations in the key parameters.

S/G Mass Peak Power Time of
1bm Frac. of Nom. Peak Power (sec)
75,000 .25 43
100,000 .24 43
120,000 .24 43
150,000 .22 43
180,000 ) 43

200,000 . | 43



Q) 222.14

A) 222.14

Discuss how upper head injection is treated in the
analyses and show how its momentum is considers? in the
upper plenum where it mixes with the reactor coolant
system flow. Discuss how UHI affects response in the
pressurizer because of cooler water entering the pres-
surizer causing a vapor collapse which would induce a
rapid surge of flow into the pressurizer. Discuss how
these effects would influence core flow. Quantiry the
conclusions for UHI-equipped plants.

Upper head injection is simulated in both the LOFTRAN and MARVEL as
an accumulator which empties into the upper head volume. The
momentum effects are not modeled.

The phenomenon where cool water enters the pressurizer and causes
vapor collapse is not simulated explicitly. The practice of con-
necting the surge line to the side of the hot leg on a horizontal
piping run assures that some warm water stands in the surge line,
minimizing the described effect.

The results of steamline break analyses for plants with and without
upper head injection are quantified in the response to Question
212.10, which is conta‘ned in this transmittal.
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Q)

A)

232.1 Describe in more detail how space dependent reactivity coefficients
(moderator, Doppler, and boron) were developed and appiied in the
steamline break analysis. Provide curves showing the variation of
the individual reactivity components (moderator, boron, scram worth,
safety injection, and power coefficients) with time during the
transient.

232.1

The moderator, boron, and doppler coefficients are computed with a 2-D, full-
core, neutron-diffusion nuclear model. The coefficients are computed with the
most reactive control rcd stuck out of the core and all other rods fully
inserted. Therefore, the neutron flux distribution used in calculating the
coefficients is representative of that which is present during the transient.
The moderator coefficient is calculated over the range from HZP to coldest
steamline break conditions. The return-to-power coefficient (typically
referred to as the doppler coefficient) is calculated at a constant volume-
average moderator density at several power levels. Since this coefficient

is computed with a stuck control rod, the power distribution is tilted

toward the stuck rod and because of power effects, the moderator density

in the vicinity of the stuck rod is lower than the core average moderator
density. Thus, the coefficient is a combination of moderator feedback
effects. and doppler temperature effects with the doppler feedback term
dominating. The boron coefficient is computed at several moderator densities
using the same calculational model as was used for the moderator and return
to power coefficients.

These coefficients are used in the transient code to compute integrated
reactivity effects. The moderator coefficient is used as a function of moder-
ator density, and the reactivity insertion due to the mocerator density change
is obtained by integrating the coefficient from HIP to the Steamline Break
statepoint. The integral of the Return-to-Power coefficient gives the
reactivity change due to the core returning critical. This coefficient is
given as a function of core relative power and only adds regative reactivity
when the core is critical. The boron coefficient is used to give the negat’ve
reactivity insertion as boron is added to the core.

The reactivity balance is discussed in both the LOFTRAN and MARVEL WCAP's.
These codes do not have as output variables the individual components

of reactivity. The individual components of reactivity can be constructed
from the information provided in WCAP-9226.



Q)

A)

232.4 Provide power coefficient curves similar to Figure 3-1-4 that
show the difference in values between the stuck rod and no
stuck rod coefficient.

232.4

The no stuck rod power coefficient will vary somewhat from plant to plant but
in each case the bounding values are presented in each plant FSAR Chapter 15.



Q)

A)

232.5 Provide representative radial and axial power distributions during
the transient,

232.5

Attachment 1 is a copy of a request for information pertaining to the
Westinghouse steamline break generic analyses performed for WCAP-9226
"Reactor Core Response to Excessive Secondary Steam Releases".

Westinghouse considers the attached request as a clarification of WCAP-9226
Round 1 question 232.5 which reads: Provide representative radial and
axial power distributions during the transient. The response is provided
in Attachment 2, and is identical to the material informally supplied in
August, 1979 to S. Salah and R. P. Denise.
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TABLE 1

Reference Plant Description

Core:
number of assemblies 157
rod array 17 x 17
rod 0.D. 0.374
grids 8
active fuel! length (in.) 144
number of control rods 48
Number of loops 3
Steam Generator 51 series
NSSS Power (@ 100%) 2785 MWt
Reactor Power 2775 MW
Thermal Design Flow g 92800 gpm/loop

Reactor Coolant Pressure 2250 psia



4.6 £t2 Double Ended Rupture
EOL - WZP
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TABLE 2
Pertinent State Point Data
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Figure 2
.Regions for Core Inlet Enthalpy Distribution

~\

/a




TABLE 6

UiSCRiFTION

BX AL
ER:'W DELTR 2
|
b %.167107 Y
‘ e LIGICTY
| 3 quiL 274
" 147074
| s 13. 1506 |
- @ 18.224 148
1 28.411930
8 841192
q 28411420
| (e 22.4 11920
i 28.4119320
2 28.411a3p
3 28.411420
i« BU\Nq20
|5 28.411920
e 28.411130
Y 133148
8 12.150611
1 Q.10
20 L6 Y
21 q.1L"10Y
22 a. 1" 0"H

FUEL
Robs



'
CALE F-l
W/ Fou 5F
ASSEMBLY AVERAGE POWERS FOR Twe WHOLE CNRE.
PLANE COL. | 2 3 5 5 *
1 -
2
k]
.
S
B
1
El
9
10
1
12
13
s
15
e

ROW PLANE COL. | 2 b} ] S 3
-

. W N B N -

- e e .
£ W W = O

-
-

4

2. & sre
6§ % 10 11 12 13 18 s
|y
K
4
% 10 1 121y 1w s
-
.




(2/a)

£ -l

CAs:

i3 I %

| 1é

hia FLAWE L.

(>’

TS iy

-~y e e - w e

> " SN

o o
- -

Gl
-

SER—

F

§ A ay

15

1%

13

12

-
|

.

- NN T e - " D .. - rF e
‘-"'-m

DR B I I S R R I T T S

L]

A PLANE COL.



(z[a)

cAte F-\

)

L]

Ak Uiy

-_— N T e~ =&

~
o~

~
-

r
-

' -~ -~ ~ -~ —~ ~ ~ ~ -~ ”~ -~ -~ S~ S~ ~~

T R AYG

1%

I%

13

12

10

- e e e~ e

12
13
L
15

8 R AvG

- & ® W ® W W T W W W ® = =& =

A PLANE CNL.



(u1a)

CRASE F-\

(>y)

1%

s

13

12

2

ol
mllsoﬂl.‘,lﬁo.l?.aﬁ(.
" o e® s e o=

&

m""”""”"'

9 AN avy

12 13 ) 15

L1

.z.

AW PLAME CNL.

(>")

- N " T e~ e

>
-

o
e

17
n
R
1%

10 W M.L



.
"
»
2

-
B
.

13
13
13
13
1
13
1
13
13
13
13
1
13
13
13 15
13 ROW AYVG

- B N R e N -

- e e - .
B e N - O

ROw PLANE COL. !
-

18 i
L) ?
14 J
L) L]
1h S
14 .
I !
L) #
18 '
v e
"
v n
" n
(LI L]
LA B |

o

o

12

12

(a,c)

(a,¢)



1
3]
1
1
1
I
1
I
]
3
1
H
I
4

ROW
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

P —— —

. »
BUsSE .

* ® N PO e N e

10
i1
12
13
L)

RN -vk

PLANE COL. |

‘-NO“U”'-

-—--
& o N -

A AVG t

CRASE F -
5 ¢
5 .

(sla)

o
.

13

L]

(A.c\

15

(A. ¢\



hiw PLAGE COL. )
-

5
15
1%
15
15
15
15
15
15
15
15
15
I
15
15

15 Row “1

ADw PLANE COL. 1
p=

1
2
3
4
5
B
!
L)
]

10
]
12
13
14
15

14 1
16 2
1] 3
1 5
16 &
16 =
1] 1
1é 4
16 )
1 10
i n
s n
I n
6 1y
s 15

16 ROw “{

2

- - —

CASLE F -\

(1 1a)

) 16

12

(a )




ROW PLANE COL.
w 1 [
"2
TR
1N
TR
T
TR
TR
TR
e
" on
o2
THRE
TR
oS
19 Row ml

.

2

CReE F-1\




ROw PLANE COL. | e 3 4 $ B ! ] ) 10
- .

]
—-

‘.N.“ﬂ~—§

. e e s o
I

I IR T I

- e e e e
F N - 0o

18

ROW Av(

‘ cAsE F-2 (W1a)

) W/ POUER 28.C 5
v i T PaERS BOR THME Lot f Lrag
coL. 1 2 ) - 5 N ! [ ] ] 10 i 12
& .
&
-
12

A

Ca, <)

¢

(A <)



(214)

CR&E F-7L

le I~

v

hOWw PLANE COL.

- N " F W e~ B PO = N ow
L T

L R R R R T R

T ROW IVL

1 12 13 14 5

1

0w PLANE COL.

(> w)

-

- N e T " e~ 8O = N™m oo
'--"l

8 ROw QVGL



(41a)

CACE F-

(>%)

%

e VoRE COL

- N TP~ B " O =N own
-— e =

L .
....amw

- " " "

- ———— - — - — — ——

ROw PLANE COL.

12

14

13

12

3]

10

2

1

1

-— N " T e~ e e

o © O © © O © © O
- e ew e ew e ew ew e

12
13
L]
1]

10 A av



(=)

CRSE F-1L

il 12 13 L]

v

ROe PLAGE CO

(>w)

L

- N T " e~ =® O ~N ™ s
— e

Lol R B L A A B B

o
>
-
2
-
-

(>®)

1 12 13 L] 15

|

AW PLANE COL.

L

- N e~ & " O =N
- . e s e

LA B I R I I B I B R I I

o
>
-
3
El
-



ROw PLANE COL. ) 2
-

1 |
1 2
1 3
3 .
] 5
1 )
1" !
1 Ll
1 '
I
i n
n 12
n n
1
1 s

1 Row uL

ROW PLANE COL. | 2

2w 1 T
1 2
o
T
s
s
THEE
T
THEE
THT)
1
112
12 1
12 1
121
12 RO avg

e

(a,<)

A, c)




MeAMLER.) 2 3 8 5 & Y M OH OB B

noo :
n 2

no

noN

n s

n e

TR

no

n o

n o1

n on

n 12

n n

THRT

n s 3

I Row IVL b

. ———

o — - — . —

i S O TES N T e R S S THERTIRT

2w 1 T )
TR
L
T
s
TH
TR
T
THE
o
THRT
TRT
121
12 .
121
12 M0w av3

B

I

14

(4,<)

A, c)




Rim PLESE COL. ).
-

5
5 2
15 3
5 4
5 s
5 .
L
5 8
50
15 10
5 N
1512
(L ¢
15 e
s s | .
15 AW avg.

ROW PLANE COL. 1
T r
T
1
"
e
e
T
1
T
e
"
1
1
i
"o
16 ROW AVG

L g

o B N VP e N -

- e e e
“w N - O

-
-

o

12

™

13

L]

14

15

(Q,()

(R, <)



rLrts L8, ) < b | L] 5 (1 ! L] § 15 I !
w [
W,
i3
T
1o
TR
T
T
T
17 i
i”on
112
1o
TIRL
1”1
17 Ao avd.

NOWw PLANE COL. | 2 3 . 5 . ! . Y 10 11 12 1) 1s 1

1) I
18 2 T
18 3
1) L)
18 ]
18 .
18 ! !
it B
8 ]
s 10
i N
" n
s 1
LL N L)
i 5]

s

CR,¢)

(ﬂ‘c)



0w PLANE COL. |

A
) ]
19
19
9
19
1]
"
19
i
"
19
"
19
"

19 A dvtt

ES
- o~ -
-~

:-
~ = 3

-

(8,¢)



CASE ®-3 (114)

W/ PO 8.5 sce

ASSEMBLY AVERAGE POWERS FOR THE WweOLE CONE
PLANE COL ) 2 1 \ 5 - ! B ' 10 ) 12 13 L] 1}
'

(ﬂ,()

10 ] 12 13 L] %

=
- 8
#
-~

. B e e s e ..

““““““““5
(R, c)




(z!ﬂ\\

CRsE F-2

13 1% 15

12

2

AOWw PLANE COL.

(>'w)

- N "™ T e e~ ® " O ~ ™ & »n
-— - e e -

Lo T O I T B R R T U N

s A "i

13 14 1%

12

2

l

ROw PLANE COL.

S

&

- AN R BT D e v ™o
- .. - e .-

L A B B I B B L D B R I R

M IVGL 8



(z/a)

F-3

CRSE

13 s 1%

12

10

1

hizé PLANE COL.

(‘v

L

N ™ F = @ ~ @ o o
-

L S N

~

~ o~

"~

~N " F =
- e em -

s~ o~

1 R Ay

5

14

i3

12

1

md

N S e
- e . -

)

-— AN ™ T o e - ® D =
- -

8 AN Ay

RO« PLANE COL.



%

s

I3

i<

LR

(>

-~ . e~

§ AW A

o e ————— T — . ———— .

A0 PLAKE COL.

15

14

12

i

(>Y)

(]
a2
10
1”2
13
L]
I8
10 Aow avﬁl

10
10
10
10
10

0
10
19



ROw
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

-, »

- O —-w e W o W N

- . e -
-w N - O

T
15

ROW Avi

PLANE COL.

. W N P F N -

e -
. W N - O

12 R li{

-

3

10

12

(A, <)

(a, <)




ROW PLANE COL.
n T
12
(F T
1.

1 s
13 %
13
1

1"

13 10
13 n
12 12
13 N
131N
13 15
13 Row m."‘,.

ROw PLANE COL. |
R

1" |
1 H
15 3
L) 4
18 S
L) .
L) 7
14 il
18 )
(LI |
v n
i 12
" n
1* 1
v 15
1N Row avG

2

10

12

- —— v ——— ——

13

14

15

(A, <)

(R) ()




'3 chee £-3 (1 1a)

PTG W Sra ol R Y A TN U T RN | SRANT NEHI T N RN R
s 1+ F

B3

15 3

5 8

i

5 %

THER )

5 8 ?
5 9 A
15 10 <
5 N~
15 12

s 1

1514

5 15

15 loum;i '

¢

ROW PUANE COL. | 2 3N S . 7 § 9 10 1 12 13 14 1%

B vF }

6 2

TR

TR

T

TR

“w 7

T

(T ~\
TR v
“ n ‘,
12 V/
e 1

TR

. 18

v g




Al ’ LY

(\
y
Y
i
n
L]

)
—
o0
0

ROW PLANE COL. | 2 3 5 $ “ 1 8 9 10 1 12 13 14 15

i TI" 9

o2

R

T

oS

S

TR

T

TR N\

1710 v
=

R g

112 \J

"o |

1" 1. |

oS

17 RO AYG J

ROWPLANE COL. | 2 - & 8 & 1 & % 10 u_ 12 13 s s

w T

S 1

TR

TR

TR

T

TR

TR

TR ) o

10 q‘

wonu <

THRT: -

THRE

THRL

THRL

18 ROw Av‘

I T T e



ROw PLANE COL. )

w T
2
2
TR
T
e
TR
"o
TR
10
TR
TR
TR E
TR L
oS
19 ROW AVG

2

/a l(.\

1

12

14

15

(A.L\



CRSE F- (\14)
w/ Pouur s &b,

ASSEMBLY AVERAGE POWERS FOR ThE wnOLE CORE.
PLANE COL. | 2 b 4 S B 1 L]

- B e P F N~

e s s o e
W E W N = O

RO PLAMNE COL. 1 2
L) 1 T

-
Es

-
L
—
-
-

@ B ~w e P s w2

10
1
12
n
L]
1%

s

Y S T R R I B e B A

<ﬂi<)

(R, c¢)




(2/4)

CRSE F-H

(>'v>

-

S ROw ay

12 13 e s

10

ROW PLANE COL.

(>'v)




T)
Vg

(3

¥-d

CASE

1 12 13 14 15

10

1

RO PLANE COL.

(>"%)

|-

- N O™ F W e~ ® > O ~N ™ Fy
- - em e e

B S S N

7 ROW "&L

(>%)

15

14

13

12

1

10

| w—

m. .'."{

“ - N T P~ & "D =Ny
L o - — - L ad
4 B

m................



W< Fuask COL. )
~
4 1

2
3
L]
S
-
Y
s
,

e
1
12
' 13

L)
15

R 0w mL

9
‘'
‘
s
L]
9
)
)
)
b
L
)
A
)
9

ROW PLANE COL. |
10 ]"
10
10
10
10
10
10
10
10
10
10
10
10
10
1018
10 AOw Av6.

k

. B N e " F W N -

- e e e -
2 W N - O

2

10

i

1)

12

12

(a, )

(A,c)

\3
| S—



CASE F-d (£1a)

AW PLENE COL. ) 2 3 - S . i 3 9 10 11 12 13 L] 15 -
1 \ i

1 I

11 b

1 -

1 S

1 5

11 1

1 [

11 %

B 10

11 1

11 12

1non

1 14

11 15
el
R

ROW PLANE COL. 1 2 N RS SR Y e
s W 1
12 2

12 3

12N

12 s

12

12 1

12 £)

129

12 19

12 n

1212

121

121

1218

12 M0w "t - i

(a, <)

(‘\, <)






1 L COL.
T T
15 2
3

15 W

15 5

15 &

15

15 8

15 9

15 10

15 1

15 12

15 10

5 14

i% i*

15 ROW av{

ROW PLANE COL.
R N -
. 2
TR
TR
T
TR
% 2
T |
TO
. 10
s n
" 12
TRt
(TSN L)

. 18

16 RDw l1

|

10

i

12

14

15

(8,¢)

(a,<)




" . e

et e -

AOu PLANE (™
oo
" 3
oo
17
s
TR
TR
1T
TR
1110
7oon
o2
oo
1o
1S
17 ROw Av(
L

AOW PLANE COL.
w 1T
w2
T
TR
T
TR
TR

TR
TR
TR

" n
THRT

" n
TRRL
18

10 "0 v

1

2

1%

(“,()

Ca, <)



W0y PLANE COL

1%
19
19
19
19
19
19
19
19
19
19
19
19
19
19

~

-

O e N
-—

- -

10
i
12
)2

15

-

19 RiW AVG.

1

CRSE F-u

(a )
-r2

14

Ca,<)



Nl

CRALE F-§ (\la)
VJ/ Py B Fer. o ~rq

< elY Avie CLE PIALENS FON THE WhOLE Lo .
PLANE COL. ) 2 3 = 5 Y 1 E) ] 10 1l

. - - Py e N

- e e e e e
BB W N = O

r

ROW PLANE COL. | 2 3l 4 S 6 1 8 9 10 il

- Pl W N -

12
1
L)
1%

W MG

s
-

¢

12

13

13

)

14

15

(ﬂ.c)

(a,c)




('c/ﬂ)

-

CAst ¥¢-£

13

I ¢

[

hOw HLanE COL.

N m e oe

L AT~ R S

10
1"
12
13
19
1]

§ ROw Av

- Ny o

Lo

10

12
13
14
15

1 AW avt.

1213

3

IC

|

ROw PLANE COL.

ROw PLANE COL.

1

9

.
|z\..l.‘7.'.|lt’~l.

l‘-"‘m

-

““.““,“‘..“

[

-~ L A L I R T T e,
- e e em e e

- . v e e e e e e e e " e w

g






e BLANE LGL .

u
1
1
1
i
11
i
1n
1
]
i
i
i
i
]
1

L1
1
1
e
1
12
12
12
12
12
1
12
12
12
1
12

P ™

-

‘.-OﬂJ.DN—z

- e e e e
£ N -~ O

Ll
o

12 h0w ave

10

i3

Is

1%

(a.c)

(A <)



1
1
13
B
13
13
13
13
13
i3
13
13
13
13
13
13 ROw av(

> W NP N -

(a, <)

—
w

-

»
A
—
o
-
—
-—
~

ROW PLANE COL. | 2 3 \ 5 . 13 14 15
- -
14
L
s
1N
1
1N

L]
L]
L)
18
18
18
s
(L]
B

18 RO avG
S -t

. B - P e N -

(a,<)

- -
;s -



e |

-
-
N @ NP W N -

5
15
15
15
15 10
15 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>