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Subject: #.5B-CE Responses to ACRS Questi@s on System 80+™ .

Dear Mr. Coe:

This letter provides responses to questions (Enclosure I) raised by various members of the
Advisory Committee on Reactor Safeguards (ACRS) ABB-CE Standard Plant Designs
Subcommittee at the meeting held March 8-9, 1994. Also provided (Enclosure 11) are revised
responses to ques _ns from previous ACRS ABB-CE Standard Plant Designs Subcommittee
meetings. | believe that the attached responses will clarify the issues raised by members of
the Subcommittee.

If I can be of further assistance regarding these matters, please do not hesitate tc call me, or
Mr. Stan Ritterbusch of my staff at (203) 285-5206.

Very truly yours,

COMBUSTION ENGINEERING, INC.

C. B. Brinkman, Director

Nuclear Systems Licensing
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Responses to ACRS ABB-CE Standard Plant Designs

Subcommittee Questions
(March 8-9, 1994)



Responses to ACRS ABB-CE Standard Plant Designs

Subcommittee Questions
(March 8-9, 1994)

Question 940308-1:

To what extent will the CE-SSAR clarify the hydrostatic pressure rating for seals around
pipes which penetrate structural walls below the maximum probable flood level, specify the
type of seal to be used, and specify the location of the penetration seals (e.g., state which of
those pipes are located in tunnels which may interconnect separate buildings)? Will the
maximum expected leakage rate upon seal failure be less than the sump pump capacity in the
flooded location?

Response:

The System 80+ Nuclear Annex design incorporates a divisionai wall such that flooding
(internal and external) in one division can not impact the other division. Below grade
penetrations to safety-relatec structures will either be directly penetrating piping, conduits or
tunnels/enclosures. In all cases, the sealing material will be provided to preclude the entrance
of water from either internal or external sources. Additionally, in the event of a seal failure,
the credible leakage rate will be limited to the capacity of the sump pumps or the affects of
the flooding will be shown to be acceptable.

CESSAR-DC Section 3.4.4.1 is being revised to state that the water seals are designed for the

static pressure of water at the flood elevation. Hydrostatic loads are also addressed in

CESSAR-DC Section 3.8A-5.1.1.4.

The connections to the Annex are discussed below:

. Buried Cable Tunnels and Conduit Banks
Appendix 3.8A Section 11.8 provides the criteria for buried tunnels and conduit banks.
Section 3.8A-11.8 .6 is being revised to identify the design requirements for hydrostatic
loads. Hydrostatic loads are also addressed in CESSAR-DC Sectica 3.8A-5.1.1 4.

2. Component Cooling Water Piping Tunnel

This tunnel is addressed in: Section 3.8.4.1.5 and Appendix 3.8A-11.7. Section 3.8A-
11.7.7 is being revised to identify the design requirements for hydrostatic loads.



Response (continued):

Diesel Fuel Piping
Diesel fuel piping is addressed in response to Question 940308-3.
Radwaste Building Piping to Annex

This pipe chase is shown on Figures 1.2-5A and 1.2-5B. The sealing requirements of
Section 3.4.4.1 apply to this tunnel.

Station Service Water Piping

The CCW heat exchanger structure and related piping are discussed in CESSAR-DC
Section 9.2.2.1.4. The service water piping only enters the CCW heat exchanger
structure and does not penetrate the walls of the Nuclear Annex. As annotated in the
marked up text and inserts to CESSAR-DC Section 3.8A-11.7.7-1 the flooding issues
related to the service water pipe will be limited to the CCW heat exchanger structure and
not impact the Nuclear Annex.

The requirements for flood protection are identified in CESSAR-DC Section 3.4.4.1.
Other
The connections to the Nuclear Annex are the piping connections to yard tanks (Holdup,

Reactor Makeup, Boric Acid Storage, Condensate Storage). The requirements in Section
3.4.4.1 will be met for all penetrations into Seismic Category | structures.
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Seismic Category I structures identified in Table 3.32~1 are
designed for flood protection.

These Seismic c;t.ozory I structures are designed to protect
safety-ralated equipmant from floods by incorporating the
following safeguards into their construction:

A. No extarior access openings will be lower than 1 foot above
plant grade (yard grade) elevation.

B. The finished grade adjacent to the safety-related
structures will be naintained at lsast 1 foot below the
ground floor elevation, sxcept where ramps or steps ars
provided for accesas.

c. Waterstops are used in all horizontal and vertical
cgnltr:ction joints in all exterior walls up to flood level
alevation.

D. Water seals ave provided for all p ation : ior

walls up to f1 level elevation. m
For other Seismic Category I structures where flood protection
Boasures are required (e.g. pump systems, stoplogs, watertight
doors, dikes, retaining walls and inage systems) the design of
means for providing such protection vill be described in Section
2.4 of the site-specific SAR. Panetrations located beslow the
external flood level in the external walls of the Nuclear Annex
ars currently projectad to include Component Cooling Water,
Radwaste and Diesel Fuel 0il System g}pinq and cable
rn-ttntiom. Additional penetrations may identified once
azeutn are finalized for systems enmineralized
water, station air, and security. INSERYT 3.4~

The COL applicant will pcrtton an n\:'clue.tion t
s 4

are properly seale. to protect safety related
SqUipREnty Frem ALooping
External flooding as & resilt of secondary flooding sources
located in thow‘mrbi.no Buildin are addressed 1': Section
10.4.1.3. Entrances to the Nuclear Annex from the Turbine
lu.utungi are elevated above plant grade to prevent flood

stio

propag

Internal flood protection in the System 80+™ dasign minimizes
Yg::i.bh flood sources. The station sarvice water systes is

tad outside the Nuclear Annex to eliminate & significant
source of water. The coo vatar and emergency
feadwvatar syatems are ly separa by division, thus
elininating the possibility of a single flood sourcs within these
systems impacting both divisions.

uhiummmumpxmuunm
2

ninimized ipment location. ipment Reactor
Building (;{ lmphcro is located in c:a':dranu to minimize the

s

*aandeant Q
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lusert J.4.4.3-1

The water seals are designed for the static pressure of water at
the flood elevation. Water seals at the interface with safety
related structures are designed to maintain integrity in the
event of a Safe Shutdown Earthquake. In the event of seal
failure, any credible leakage is limited to the capacity of the
sump pumps or associated flood effects are shown to be
acceptable.

insert 3.4.1-2

All penetrations are sealed on the inside of the penetration to
eliminate the potential of flooding through the penetration.

insert 3.8A11.8.6-1

Cable tunnels and conduit banks shall be sealed against the
introduction of exterior water sources into the tunnel or bank
and shall be sealed at the interface with safety related
structures to prevent flooding effects. The water seals are
designed for the static pressure of water at the flood elevation.
Water seals at the interface with safety related structures are
designed to maintain integrity in the event of a Safe Shutdown
Earthquake. In the event of seal failure, any credible leakage
is limited to the capacity of the sump pumps in the safety
related structure or the associated flooding effects are shown to
be acceptable.

insert 2J.8A11.7.7-1

The Component Cooling Water Heat Exchanger Piping tunnel shall be
sealed against the introduction of exterior water sources into
the tunnel and shall be sealed at the interface with safety
related structures to prevent flooding effects. The water seals
are designed for the static pressure of water at the flood
elevation. Water seals to preclude flooding of the Nuclear Annex
caused by Service Water piping failure in the Component Cooling
Water Heat Exchanger Structure and those at the interface to the
Nuclear Island Structure are designed to maintain integrity in
the event of a Safe Shutdown Earthquake. In the event of seal
failure, any credible leakage is limited to the capacity of the
sump purps in the safety related structure.
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movement shall bs coosidersd. Friction between the tunpel and the surrounding soil shall be
considered using conservative estimates of the associsted frictional forces.

11.7.54 Other Loads

All sbnormal loads (Le., P,, T,, R,, Y;, Y,, and Y,) are zaro.

1176  LOADING COMBINATIONS AND ACCEPTANCE CRITERIA
1L7.6.1 Comerote

The wanel shall be designed wing Selsmic Category | criteris. The requirements of Sections 5.2.2
sad £.0 of this appendix shall be met.

11.7.6.2 Stabllity
The requirements of Section 5.2.4 of this appendix shail be mat.

1L.7.7 OTHER REQUIREMENTS

The building is to be founded on competsnt structural backfill a8 defined in Section 10.1 of this
appendix. The besring pressure shall not excesd the valus given in Table 2.0-1.

Buried cable tunnels and comdait banks are reinforced comcrete box type structures, geosrally
rectanguiar in cross-section tha houss conduit for electrical distributics.

1183 CODES AND STANDARDS

The codes and riandards spplicable to Seismic Category | buildings shall be met.

11.8.4 LOADSE

In addition w the minimum design loads requirements of Secziom 5.1 of this appendiz, the following

specific additions) Joad requirements shall be met. Should comfliciing values ocour batwesn this
Section snd Section 3.1 of this sppendix, the vaiues specified in this Section apply.

Apsendmnen T
3.8A-55 November 15, 1993
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11.8.4.1 Dend Losd (D)
The weight of the contents of the cable tunnel and/or conduit bank.

11542 Live Load (L)

The structure shall be designed for soil overburden pressure, AASHO H20-44 truck loading and
construction equipment loading as applicable to the specific site.

L8443 Selsmic Loads (E")

The reinforced concrete buried cable tunnels and/or conduit banks shall be seismically designed
sustain soil movement during sarthquake ground motions. The structursl Lotegrity of the cable tunnel
and/or conduit bank is evalusted by accounting for the two primery effects of earthquake motion,
namely,;

1. Swuzins and associmted stresses induced in the tunnel by the free-fieid vibeation resuiting from
moticns of the survounding soil mans (seismic wave passage), and

2.  Seismically induced differential movements of the ends of the wnnel (i.e., the Nuclear Island
and the CCW Heat Exchanger Structure).

Equivalemt ststic soalysis shall be performed considering the conduit tannel & 2 boam on sn elastic
foundation. Axial stress caused by seismic waves, soil friction, thermal expansion and differentisl
movement shall be considered. Friction betweas the tunnel and the surrounding soil shall be
considered using conservative estimates of the sssocisted frictional forces.

11.8.4.4 Other Losds

All abnormal loads (i.e., P, T, R,, Y,, Y, and Y,) are zero.

1188 LOADING COMBINATIONS AND ACCEFTANCE CRITERIA
11.8.5.1 Counerete

The cable tumnels and conduit banks shall be designed using Seismic Category | criteria.
118832 Sumbility

The requirements of Section 5.2.4 of this sppendix shall be met.

1156  OTHER REQUIREMENTS

The cable tunnels and conduit banks are 1o be founded on competsmt strocmral backfill as defined i
Section 10.1 of this sppendix. The bearing pressure shail not excesd the value givea in Table 2.0-1.

Ameadoent T
’ 3.8A-56 November 15, 1993
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Cable tunnels and conduit banks ghall be sealed against the
introduction of exterior water sources into the tunnel or bank
and shall be sealed at the interface with safety related
structures to prevent flooding effects. The water seals are
designed for the static pressure of water at the flood elevation.
Water seals at the interface with safety related structures are
designed to maintain integrity in the event of a Safe Shutdown
Earthquake. In the event of seal failure, the leakage is limited

to the capacity of the sump pumps in the safety related
structure.

Ingexrt 3 .8A.11.7.7-1

The Camponent Cooling Water Heat Exchanger Piping tunnel shall be
sealed against the introduction of exterior water sources into
the tunnel and shall be sealed at the interface with safety
related structures to prevent flooding effects. The water seals
are designed for the static pressure of water at the flood
elevation. Water seals at the interface with the Nuclear Island
and Component Cocling Water Heat Exchanger structure are designed
to maintain integrity in the event of a Safe Shutdown Earthquake.
In the event of seal failure, the leakage is limited to the
capacity of the sump pumps in the safety related structure.



Question 940308-2;

The CE-SSAR does not appear to specify equipment (other than structural walls), such as
doors, penetration seals, and ventilation dampers, which must be designed to withstand design
tornado wind loading. What assurance is there that such equipment will be designed to meet
this loading”?

Response:

Exterior accesses to safety related structures are designed for the tornado pressures.
CESSAR-DC Section 3.3 is being revised to clarify that accesses exposed to wind on Seismic
Category 1 structures are designed for wind and tornado loadings. Dampers to protect against
tornados are indicated on HVAC figures in Section 9.4.
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3.3 YIMD AXD TORNADO LOMDINGE /. . ... ,,,,,,.D

All Seismic Category I structures /) those not exposed to
vind, are designed for wind and to loadings.
3.3.3 VIED LORDINGE

The dasign for wind loading is in eccordance with ANSI/ASCE 7,
*Minizum Design lLoads for Buildings and Other Structurss"

(Reference 1). Structural geometriss not addressed in ANSI/ASCE
7 shall ba evaluated using ASCE Papar 3269, "Wind Forces on
Structures” (Rafersncse 2), and ASCE Papar 4933, "Wind lLoads on

Dome-~Cylindsr and Dome-~Cone Shapes® (Referunce 3).

3.3.3.1 Resign ¥ind Velooity

A design wvind velocity of 110 mph, at a height of 33 feet above
nominal ground slevaticn is used as the maxiousm wind speed for a

S0 year recurrsnce period.

Valocity profiles and associated effective pressures for winds
vith a 100 year rescurrence period are calculated in accordance

vith Section 6 of Reference 1 utilizing an Importance Facter, I,
of 1.11 and Exposurs C.

Gust responss factors are depandent on haight above grade levsl
and are in accordance with Table 8 of Reference 1 for Exposure C.

3.3.1.2 Datarmination of Apnliad rorces

Based on structurs geometry and physical configuration, the
effective pressure distribution is transformed Iintc applied
equivalent static building forces utilizing appropriate shape
coafficients given in Rafarance J.

Wind pressure distribution curves for the containment shield
building are shown in Figure 3.3«~1. The maximum height of the
shisld building above grade is spproximately 173 feet 3 inches.

All Seismic Category I structures, that parform a safe shutdown
or acidert nitigation function except thosae structures not
axposed to vind, are designed for tornade loadings.

5.3.2.1 ApRiicaRle Design PAIEBRALEIA

Tornade affects are in accordance with Interis Regulatory Cuide
1.76 (Referance 4). The following parameters ars applicable to
the design basis tornado.

Amandasnt T
J3.3=1 Novembax 15, 1993



Question 940308-3:

Please clarify the location of the gravity feed fuel oil piping running to the emergency diesel
generators (1.e., buried or in a pipe chase or tunnel).

Response:

The design of the diesel fuel oil system and structure are described in CESSAR-DC Sections
1.2.16.7, 3.8.4.1.4, and 9.54. The building arrangement is shown on Figure 1.2-24. The
piping will exit the fuel storage structure underground. The safety related piping will be
routed to the Nuclear Annex/Diesel Generator Area within a safety related enclosure/pipe
chase which is designed to Seismic Category I criteria and is protected from tornado-
generated missiles.

The chase/enclosure will be designed to preclude the entrance of ground/flood water. The
chase/enclosure will also protect the piping OD from the effects of soil corrosion, provide for
a "conduit" to coilect and direct any oil leakage to a suitable and observable location, and
where required due to specific site conditions, provide the necessary external missile
protection,



Question 940308-4:

What are the CE-SSAR requirements for the seismic qualification for underground pipe chases
or tunnels which may contain non-seismic piping? How will the CE-SSAR address the
potential for relative building motion during a seismic event, which may cause damage to
piping which penetrates two adjacent buildings or its surrounding tunnel/chase?

Response:

All piping that has the potential to affect Seismic Category I components is designed as either
Seismic Category I or II piping. CESSAR-DC Appendix 3.9A, Section 1.1 states that Seismic
Category I piping is analyzed to ensure that the SSE does not adversely impact safety related
equipment or components. This includes piping in tunnels/enclosures.

Potential relative building motion is considered as seismic anchor motion for piping analysis
and design. CESSAR-DC Appendix 3.9A, Section 1.2.4 requires that the seismic anchor
movements be considered.

The pipe tuniels/chases are also designed for the relative movement of the structures.
CESSAR-DC Appendix 3.8A, Sections 1;.7.5.3 and 11.8.4.3 identify the seismic effects for
which the tunnels/chases must be designed, including the differential movements of the end of
the tunnels.



Question 940308-5:

Please explain the apparent opening to the EDG room opening on CE-SSAR Figure 1.2-5A
that does not show a door.

Response:

The opening shown on CESSAR-DC Figure 1.2-5A for the Emergency Diesel Generator
room is for equipment removal and maintenance. A roll-up door is installed in this opening
and is shown as two lines on the Diesel Generator room side of the opening. This roll-up
door has a 3-hour fire rating as indicated on CESSAR-DC Figure 9.5.1-3.



Question 940308-6:

Regarding the divisionalized safe.y-related sumps which are pumped to a common header in
the rad waste building: How many backflow prevention devices (e.g., check valves) would
have to fail in order to create a flow path between divisionalized sumps?

Response:

Each of the divisionalized pipe headers from the safety-related sump pumps are provided with
a Seismic Category | check valve at the penetration from the Nuclear Annex to the Radwaste
Building pipe tunnel. The Radwaste Building pipe tunnel is at elevation 70+0. Since this
penetration is through an exterior wall flood barrier of a Seismic Category | structure, a
portion of the non-safety piping from the flood barrier through an interior valve for flood
protection shall be designed to Seismic Category I criteria. Since the flow through these lines
is out of the building a check valve shall be used for flood protection.

In addition, a reverse flow check valve is located at each of the sump pump discharges.
Thus, there are two check vaives in series which prevent back flow from the common header
located in the Radwaste Building.

The check valves on the Radwaste Building Subsphere floor drain sump pumps are Safety
Class 3. These valves are reverse flow tested quarterly as specified in the IST plan presented
in CESSAR-DC Table 3.9-15. The check valves on the discharge of the Nuclear Annex
radioactive floor drain sumps and CVCS area floor drain sumps are non-safety related. These
check valves along with the Seismic Category | check valves at the flood barrier wall will be
reverse flow tested quarterly as specified in interface requirements to the O-RAP.

If these check valves should fail the redundant sump pumps associated with the sump will
automatically start on high level in the sump and prevent the sump fror: over flowing and
thus flooding the adjacent areas.

To ensure that all non-safety related lines which penetrate a Seismic Category | exterior flood
barrier are identified after they are routed and are designed to Seismic Category | criteria to
an interior isolation valve the following is being added to Section 3.4:

Non-safety related piping that penetrates an exterior wall flood barrier of a Seismic
Category | structure is designed to Seismic Category | criteria from the wall through an
interior isolation valve. For piping in which flow is exiting the structure the interior
valve is a reverse flow check valve. For piping in which flow is entering the structure
the valve is an isolation vaive which can be manually isolated to terminate a break in the
non-seismic portion of the interior piping to prevent flooding.
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Question 940308-7:

Please explain your rationale for specifying Class II seismic piping for emergency diesel
generator fire suppression piping, instead of Class I.

Response:
The preaction sprinkler system piping and sprinkie: Seads inside the diesel generator rooms

will be designed to Seismic Category I requirements. The following is being added to
CESSAR-DC Section 9.5.1.7.3.C, item I(also see attached CLSSAR-DC page mark-up);

"The preaction sprinkler system piping and sprinkler heads inside the diesel generator
rooms are designed to Seismic Category | requirements.”
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Systsms Interaction

1. Sprinkler system piping is seismically restrained to
aveid interaction with stems, equipment, and
components which must function following the design

basis selamic event. — add Tusor 4

2. Sprinkler head locations are selected and analyzed to
assure that water spray does not expose redundant
egquipnent required to achieve cold shutdown or high
voltage electrical equipment which may result in a
personnel hazard.

3. Sprinkler systems are analyzed to assure that pipe
break/water spray does not potentially «xpose redundant
equipment required for cold shutdown.

4. Sprinkler system drains and test connections are routed
to unit drains to control water discharge.

sS. In areas where equipment. is subject to damage by water
accumulation, floor drains are provided or eguipment is
installed on elevated platforms to avoid damage.

6. Sprinkler heads are located as reguired by NFPA 13.
Othar plant equipment and components are located so
that they do not obstruct the desi sprinkler water
discharge pattern. If obstruction is unavoidable,
additional eprinkler heads are installed to assure
proper water distribution.

7. Where installed, automatic sprinkler gystems are
considered primary protection. Portable extinguisher
and fire hose stations are provided for back-up
protection.

CESSAR-DC Ssction 3.4.4.1 contains a discussion of internal
flood protection methods. These flood protection methods
will protect safe shutdown equipment from internal flooding
includ flooding due to water released during fire
suppression activities.

Sprinkler wsystem ocomponents including manual isclation
valves, preaction control valves, pipe, fittings, hangers,
sprinkler heads, and detectors ars Undervriter’s
Laboratories Listed or Pactory Mutual Approved for use in
fire protection systems. An exception to Listed or Approven
equipment is containment isolation valves which are not

available as Listed or Approved.

Anendment O
9.5~-28 May 1, 1983

-



Insexrt A

The preaction sprinkler system piping and sprinkler heads inside
the diesel generator rooms are qualified to Seismic Category I
requirements.



Question 940308-8:
On CE-SSAR page 3.6-3 your definition of a high energy system includes the requirement

that it is pressurized above atmospheric during normal plant operation. This appears to make
the system energy classification dependent upon the plant operating mode. Is this correct?

Response:

Appendix A to Branch Technical Position SPLB 3-1, Rev. 2 - October 1990 has the following
definition for High-Energy Fluid Systems:

Fluid systems that, during normal plant conditions, are either in operation or maintained
pressurized under conditions where both of the following are met:

a. maximum operating temperature exceeds 200°F, or

b. maximum operating pressure is 275 psig or less

Section 3.6.1.1.1 of CESSAR-DC is being revised to remove the words "above atmospheric
pressure” and the words "normal plant operations” is being revised to "normal plant
conditions”.
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High~ and moderate-energy pipe failure locations are postulated
as described in 5ection 3.6.2. Bach postulated rupture location
is evaluated for its effect on safe shutdown systems and

components required following the specific pipe failure event.

3.6.3.3.2 Eigh~Energy Piping Systems

A high-energy pipe failure is postulatad in branches or piping
runs larger than one inch nominal diameter and which operate
during normal plant conditions with high energy fluid.

Included in this category are fluid systems or portions of fluid
systens which are pressurized ebeve-—otmsspherdo-pressere during
nurmal plant operation and which, in addition, operate during
normal plant conditions and vhere either or both of the following

are met:
A. Maximus operating temperature exceeds 200°F, or
B. Maximum operating pressure exceeds 275 psig.

Fluid piping systams that Qualify as high=-en for only short
portions of their operational period ars considered moderate-
energy systems if the portion of thelr oparational period within
the pressure and/or temperature specified above for high energy
filuid eystems is less than two percent of the time period |
required to accomplish its system design function.

In analyzing the effects of & high-enargy pipe failure, the
cons ances of pipe whip, water spray, Jet ingement,
flooding, compartment pressurization, and environmental
conditions are considered.

gee Appeandix 3.9A, Section 1.1.8.1.1 for a further discussion. |
3.6.1.1.2 Koderate~Bnergy Piping Systems

A noderate-energy pipe failure is postulated in branches or
piping runs larger than one inch nominal diameter and which
operate during normal plant conditions with moderate-enargy

fluid.

Included in this category are fluid systems or portions of fluid
systems which are pressurized above atmospheric pressure during
normal plant operation and which, in addition, operate during
normal plant conditions and where both of ths following are met:

A. Maximum operating temperature is 200°F or less, and
B. Maximum operating pressure is 275 pesig or less.

Amendment P
3.6-3 June 15, 1983
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Question 940308-9:

Please provide the topical report, referenced in Chapter 6, which analyzes the HELB
pressurization of the main steam valve house to 10 psi. What requirements will be specified
in the CE-SSAR for the qualification of doors and seals?

Response:

A copy of the Topical Report CENPD-141, Revision 2, "A Description of the DDIFF-|
Digital Computer Code for Reactor Plant Subcompartment Analysis”, is attached. This report
is Reference 19 in CESSAR-DC Section 3.6.

In Seismic Category I (safety-related) structures doors are designed for subcompartment
pressures. CESSAR-DC Section 3.8.4.3.1 identifies subcompartment pressures and
temperatures as loading conditions. A statement is being added to Section 3.8.4.3.1 to clarify
that doors are designed for the subcompartment pressures.
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CESSAR 25 canon

I. Pressure and Temparature Loads

The Beismic Category I structures are designed for glcbal
affects of pressure, if any, and temperature gradients, in
addition to accident temperature gradients as a result of
postulated pipe ruptures described in Section 3.6.1.
Extarior walls and roofs above plant finished yard grade are
designed for the 1 percent exceedance ambient temperature
values in Table 2.0-1.

The pctential for global tamperature and pressure loads in
the Nuclesar Annex is minimized b{nthouocedmtinqot
high pressure lines as described Section 3.6.1.1.

Fuclear Annex subcompartments susceptible to potential
global pressure and ature and the design basis for

these effects are as follows:

a. The Main Steam Valve House (MSVH) is designed for a 10
pei differential pressure acrose the walls as a result
of a Main Steam line bresk. The MEVH temperature is
300°F. The short duration of this temperaturs results
in a negligible thermal load across the MSVE wall.

b. The pipe chase containing the Chemical and Volume

Control System (CVCS) 2 inch letdown line is designed

| for compartuentsl pressure and aturs resulting
from a postulsted rupture of this 1 .

The Shield Building annulus global temperature and pressure
loads from postulated events are described in Section
6.2.1.8. The values identified are 9.3 inches of vater and
212°F which are applied for an extended period of time. The
Shield Building annulus wall praessure design is governed by
& tornade event which results in a differential pressure
across the Shield Building wall of approximately 0 psi. m

Loading combinations used for the design of Seismic Category I
structures are shown in Table 3.8-5 and Appendix 3.8A.

3.8.4.4 Pegign snd Analyeis Proceduras

Seismic Category T and II concrete and steel structures, with
exception of the steel containment vessel, ars designed in
accordance with the criteria in Appendix 3.8A.

| The Seismic Category 1 structures are designed to prevent
possible overturn , sliding and flotation. The forces and
soments acting on the building which could cause these events are
deternined for the different loads and load combinations and are
then compared to the corresponding forces and mcaents which
resist overturning, sliding or flotation. Safety factors for the

Amendment U
3.8-32 December 31, 1993
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Insexs 3.8.4.3.0-0

Acvcess doore are designed for the subcompartment pressures when
there is a potential to effect safety related equipment if the
door fails teo retain the pressure boundary.



CENPD-141
Revision 2

DDIFF-1 CODE

A Description of the DDIFF-}
Digital Computer Code for
Reactor Plant Subcompartment Analysis

Plant Engineering

March, 1978

Combustion Engineering, Inc.
Nuclear Power Systems
Windsor, Connecticut 06095



Question 940308-10:

Please swnmarize the hand calculation for compartment pressurization due to rupture of the
EFW stzam line. '

Response:

A hand calculation was performed assuming steam flow into the EFW pump room from the 6
inch line to the EFW pump turbine. The flow from the broken line was assumed to be the
critical flow value based on a constant source pressure of 1100 psia conservatively neglecting
the line loss from the main steam line to the EFW pump room.

The pressure for the EFW pump room was obtained in the following way. A hand calculation
was performed to determine the steady state pressure which the room would achieve. The
flow resistances through the pipe chase between the EFW pump room and the main steam
valve house (MSVH) and the resistances between the MSVH and the environment were
calculated. Using the Darcy equation, the pressure in the EFW pump room required to match
the steam flow from the broken line was determined. This calculation resulted in a EFW
pump room pressure of about 2 psi. The design pressure of the EFW pump room was
conservatively chosen to be 10 psi.

A confirmatory DDIFF-1 (Reference 1, copy attached to response to previous question)
analysis of this event was also performed. The result was a peak pressure of 3.5 psi. The
difference in pressures between the hand calculation and DDIFF-1 is the result of effects of
terms such as inertia. The 3.5 psi pressure is well below the design pressure of 10 psi.

Reference:

1. CENPD-141 Revision 2, "A Description of the DDIFF-1 Digital Computer Code for
Reactor Plant Subcompartment Analysis", March, 1978.



Question 940308-11:

Where is the COL action item specified for performing plant walkdowns to vevify the
assumptions of the high energy line break analyses?

Response:

CESSAR-DC Section 3.6.2 requires that an inspection of the as-built high energy pipe break
features be performed and that final designs and results of high and moderate energy piping
analyses be documented in a pipe break analysis report. Table 3.1-1, Item 4 in the Certified
Design Material further documents the requirement for this report.



Question 940308-12:

Please describe the basis for your position that there is a low probability of a control room
fire. Include any specification of the amount and type of electrical wiring to be used.

Response:

The Nuplex 80+ control room includes features to reduce the probability that a fire will sta-t.
The major concern is the control panel materials and control panel wiring. CESSAR-DC
Section 7.7.1.3.1 requires use of fire retardant material throughout the control panel
enclosures(e.g., meeting UL-94 rating). Non-metallic materials used in control panels will
neither ignite nor explode and will not independently support combustion. Fire resistant
insulation material for control panel wiring must meet the applicable requirements of IEEE
Standard 383 per CESSAR-DC Section 7.7.1.3.1.

Energy sources entering the control panels are limited to 125V. Approximately 95% of the
power distribution cable and wiring within the panels is low voltage (5Vdc-24Vdc),
practically eliminating potential ignition sources. Within the control panels, power wiring is
run separately from the low voltage wiring. A reduced number of panel devices and the low
voltage interfaces and lamp LEDs also contribute to reducing fire probability. Each panel
section is provided with high temperature switches to provide indication of abnormal
operating temperatures and smoke detectors to indicate internal fires. Power can be removed
from a control room panel section affected by fire by channelized power disconnect switches
located in the main control room. This limits the effects of local fires by preventing
propagation of erroneous commands to system electronics.

Fire protection design bases and requirements are documented in CESSAR-DC. Section 9.5.1
provides general fire protection requirements and Section 7.7.1.3.1 provides requirements
specific to control panels. They will be implemented through procurement specifications as
part of the process for procuring a owner/operators’ plant. Independent review will verify
that design requirements are implemented correctly in the specifications. Further assurance of
compliance is provided by the design commitment in the Fire Protection System ITAAC
requiring a fire hazards analysis, which considers the potential for fire hazards.
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The Nuplex 80+ main control panels are designed to ensure an '
adequate nman-machine interface while meeting requirements for
independence of redundant circuits. This is accomplished through

& defense in depth approach that takes advantage of the intrinsic
reliability of low energy circuits and the independence of the
Main Control Panels and Remote Shutdown Panels. To minimize the
potential for multiple channel damage within the Main Control
Panels or Reamote Shutdown Panels the following design features
are employed:

A. Low enargy circuits (less than %0 volts) are used to the
maximum extent practical. This includes, for example.
svitch sense, lamps, indicators and alarm tiles.

(‘.'" ...“fm‘ Ut-QVr'afuoq)

B. Fire re t materials ares used throughout the panel
enclosures{ and thof anclon\lxr;s u'-"b .qul ipped i#t.lh ke
M ‘ - ' - 'y @ -rfiPin
dategtoge” e jaritenl uzlstien ooteral G codnlparl iy |,

c. Electrical indepandence of channelized circuits is
maintained throughout the panal enclosuraes. {

Although the design features above minimize the potential for o
multiple redundan® channel damage, the following design features
accommodate such a catastrophic event:

A. All main control room circuits are fault isolated from the
electranics to which they interface. Similarly, all remote
shutdown panel circuits are fault isclated from the
electronics. Therafore, the main control room and remote
shutdown panel circuits are inherently isoclated from each
othar and share no common failure modes.

B. All Main Control Panel and Remote Shutdown Panel circuits
are passive. Momantary contacts are used for all svitchas
with the memory of control panel commands retained only in
electronics located in the IiC equipment rooms. This
passive design is used for discrete state component controls
as well as setpoint change commands and position change
commands from process controllers for analog components.
This passive design ensures that transfer of control from
the main control room to the remote shutdown panael (or vice
versa) is bumpless (i.e., no setpoints or component states
will be affected). This design also ensures that all open
circuit failures have no impuct on control setpoints, modes
or componant states.

-~ The main control room, remote shutdown panel and the I&C
equipment rooms are each located in separate fire zones.
Therefore, the plant can be safely shut down with a

Amendment N
7.7=323 April 1, 1993



Question 940308-13:

The single remote shutdown room (RSR) controls both Division 1 and Il equipment. Is there
a single fire location which could simuitaneously impact the control cables (both Divisions)
which link the control room with the RSR, thereby preventing the control of safe shutdown
equipment from either the remote shutdown room or main control room? Please describe the
plant arrangements and/or design requirements which provide confidence that there is not such
a single fire location.

Response:

Following a fire, cold shutdown can be accomplished by using one of the two safety-related
divisions from either the control room or the remote shutdown room. There is not a single
fire location which can disable both divisions. This is accomplished by the following
arrangement and design features:

Outside of containment, a 3-hour fire rated barrier is provided to separate the two
divisions. Additional 3-hour fire rated barriers are also provided between quadrants
within a division to meet regulations and to provide additional defense-in-depth.

The control room and remote shutdown room are physically and electrically isolated from
each other. The control room is separated from the remote shutdown room with 3-hour
fire rated barriers. There are four cable chases (one for each electrical channel) that enter
the control room. Three-hour fire rated barriers separate each chase from the other.

Each safety-related electrical channel enters the control room through its associated cable
chase. The four safety-related electrical channels are also separated by 3-hour fire rated
barriers before entering the remote shutdown room. The remote shutdown room is
located on the Division | side of the divisional wall adjacent the Channel A and C cable
chase on elevation 70+0. The A and C control channeis enter the remote shutdown room
from these chases through separate conduits located in the wall. The Division II,
Channels B and D are routed from the Division Il side to the remote shutdown room
through separate conduits embed! he floor. Eleetrical isolation from the control
room is maintained by the remot - uldown room transfer switches so that a fire in the
remote shutdown room cannot impact the control room.

Inside containment and annulus, cables required for safe shutdown are mineral insulated
and 3-hour fire rated. The redundant shutdown paths are separated by either reinforced
concrete walls, a component such as a steam generator or pressurizer, or by at least 20
feet with no intervening combustibles. A fire hazards analysis will confirm the likelihood
that one of the two divisions are available following a fire inside containment.



Question 940308-14:

The Certified Design Material section on site envelope identifies a maximum precipitation for
roof design. Is there a reason that it is limited to roof design? Are there other plant locations
that are designed for less or more maximum precipitation rates?

Response:

The maximum precipitation is a site parameter and, therefore, structures and all site design are
based on the same precipitation intensities given in the Certified Design Material Table 5.0-1
and CESSAR-DC Table 2.0-1. Certified Design Material Table 5.0-1 and CESSAR-DC Table
2.0-1 are being revised to remove "(for Roof Design)" and to clarify that the snow load is a
design load.
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TAME 2.0-1
(Sheet 1 of 3)
ENYELOPE OF PLANT SITE ODESIGN PARANETERS

Ground Water

Maximum Level: 2 fest balow grade
Flood (or Tsunami) Level‘”

Naxioum Level: 1 foot balow grade

19.4 in/hr. and 6.2 in/5 min,®

ximum snow |oad: 50 1b/sq. ft.
Resign Temperatures
Ambient
1% Exceedance Values ,
Max{mum: 100°F dry bulb/77°F coincident
wet bulb
80°F wet bulb (non-coincident)
Minfmum: ~10°F
0% Exceedance Values (Historical Limit excluding pesks < 2 hours)
Max | mum: 115°F dry bulb/80°F coincident
wet bulb
81°F wet bulb (non-coincident)
Hinfmum: -40°F
Station Service Water Inlet: 95°F(3)
Condenser Circulating Water Inlet: S100°F |
’ Amendment N

April 1, 1993
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Probahle Maximoum Preci- 19.4 inches per hour with a ratio of
patation (PMP) Estimate 0.32 for S minute to 1 hour PMP
(Maxizmm Average Value estimate. (6.2 inches per § mimutes)
Over One Mile Area
for one hour
= PESN
(M@w > 50 pounds per squsre foot
Design Ambient Temperatures
0% Exceodsnce Values
Limit Excluding
< 2 hours)
Meximum 115°F dry bulb
80°F coincident wet bulb tampersture
81°F wet bulb (non-coincideut)
tempersture
Mizsiaom 40°F
Extrese Wind
Basic Wind Speed 110 miles per hour (S0 year
recarrence)
122 miles per hour (100 year
recuITence )
Toruado
Maxirmum Torpado Wind 330 miles per hour
Speed
) Maxiromn Pressure Differ- 2.4 pounds per square inch



Question 940308-15:
In the staff's FSER section regarding the design tormado windspeed, a reference is made to

ABB-CE meeting the interim staff position in Reg. Guide 1.76, but it is not clear that is Reg.
Guide 1.76 as modified by the letter of March 25, 1988. Is this made clear in the CE-SSAR?

FOR THE STAFF: Is there any ambiguity in the above FSER statement regarding the
design tornado windspeed?

Response:

CESSAR-DC Table 2.0-1 Note 6, CESSAR-DC Section 3.3.2.1 ard Reference 4 10
"References for Section 3.3" are definitive on this issue.

The related CESSAR-DC sections are attached for information.
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TABLE 2.0-1 (Cont’d)

(Sheet 2 of 3)

ENVELOPE OF PLANT SITE DESIGN PARAMETERS

Extreme Wind

Basic Wind Speed:
Importance Factors:

Tornado®

Maximum tornado wind speed:
Rotational Speed:
Translational velocity:
Radius:

Maximum pressure differeitial:
Rate of pressure drop:
Missile spectra:

2011 Properties

Minimum Bearing Capacity (demand):

Best Estimate of Minimum Shear Wave
Velocity:

Best Estimate of Liquefaction Potential:

seismology

SSE Peak Ground Acceleration (PGA):
SSE Response Spectra:
SSE Time History:

Aircraft Hazards

Plant to airport distance

' Piant to edge of military
training routes

Plant to edge of Federal airway,
holding pattern, or airport

NEARIE

330 mph

260 mph

70 mph

150 ft

2.4 psi

1.7 psi/sec

per SRP 3.5.1.4 Spectrum I

12 ksf (stbtic)"’
700 ft/sec'”’

None (at site-specific SSE
level)

0.30 g ®
Section 3.7.1
Section 3.7.1

S5mi.< D <1Omi. with annua
operation less than 50000° or
D>10mi. with ano’nnual operation
less than 10000

(D = distance in miles)

D>5mi. with an annual operation
less than 1000 flights
(D = distance in miles)

D>2mi .
(D = distance in miles)

Amendment S
September 30, 1993
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TABLE 2.0-1 (Cont’d)
(Sheet 3 of 3)
ENYELOPE OF PLANT SITS DESIGM PARAMETERS

Meteorology
Short-term dilution factor X/Q l.OxlO"; EAB = 500 meters
Long-term dilution factor X/Q 2.2x10°%; LPZ = 3000 meters
NOTES:

—
-

Probable maximum flood level (PMF), as defined in ANSI/ANS-2.8,
*Determining Design Basis Flooding at Power Reactor Sites."”

~

Maximum value for 1 hour 1 sq. mile PMP with ratio of 5 minutes to 1 hour
PMP of .32, as found in Naiional Weather Service Publication HMR No. 52.

w
.

Maximum normal power and normal shutdown temperature of the Station
Service Water System Intake based on one percent exceedance meteorclogic
conditions. see item C of Section 9.2.5.1.3 for Ultimate Heat Sink
temperature interface requirement for a design basis accident concurrent
with a loss-of-offsite power.

E-3

§0-year recurrence interval; value to be utilized for design of non-
safety-related structures only.

5. 100-year recurrence interval; value to be utilized for design of safety-
related structures only.

o

10,000,000-year tornado recurrence interval, with associated parameters
based on the NRC's interim position on Regulatory Guide 1.76. Pressure
effects associated with potential offsite explosions are assumed to be
non-controlling for the design.

~3

Site profiles are given in Section 2.5. Profiles include consideration of
variability of soil properties. The lower bound of best estimate of soil
shear wave velocity defines the lower bound of dynamic Soi1-Structure
Interaction analysis of the superstructure.

The control motions are defined in Section 2.5.

(re]

Bearing capacity is defined at the foundation level of the Nuclear Island
structure.

Amendment S
September 30, 1993
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3.3 ¥IND AND TORNADO LOADINGS

All Seismic Category I structures, except those not exposed to
wind, are designed for wind and tornado loadings.

3.3.1 WIND LOADINGS

The design for wind loading is in accordance with ANSI/ASCE 7,
"Minimum Design Loads for Buildings and Other Structures"
(Reference 1). Structural geometries not addressed in ANSI/ASCE
7 shall be evaluated using ASCE Paper 3269, "Wind Forces on
Structures"” (Reference 2), and ASCE Paper 4933, "Wind Loads on
Dome~Cylinder and Dome-Cone Shapes" (Reference 3).

D:dd:1 Rerign Wind Velocity

A design wind velocity of 110 mph, at a height of 33 feet above
nominal ground elevation is used as the maximum wind speed for a
50 year recurrence period.

Velocity profiles and associated effective pressures for winds
with a 100 year recurrence period are calculated in accordance
with Section 6 of Reference 1 utilizing an Importance Factor, I,
of 1.11 and Exposure C.

Gust response factors are dependent on height above grade level
and are in accordance with Table 8 of Reference 1 for Exposure C.

3.3.1.2 Retermination of Applied Forces

Based on structure geometry and physical configuration, the
effective pressure distribution is transformed into applied
equivalent static building forces utilizing appropriate shape
coefficients given in Reference 3.

Wind pressure distribution curves for the containment shield
building are shown in Figure 3.3-1. The maximum height of the
shield building above grade is approximately 173 feet 3 inches.

3.3.2 TORNADO LOADINGS

All Seismic Category I structures that perform a safe shutdown or
accident mitigation function, except those structures not exposed
to wind, are designed for tornado loadings.

3.3.2.1 Applicable Design Parameters

Tornado effects are in accordance with Interim Regulatory Guide
1.76 (Reference 4). The following parameters are applicable to
the design basis tornado.

Amendment T
3.3-1 November 15, 1993



CESSAR E&iFicarion :

Maximum wind speed: 330 mph
Rotational speed: 260 mph
Translational velocity: 70 mph

Radius: 150 feet
Maximum pressure differential: 2.4 psid

Rate of pressure drop: 1.7 psi/second
Missile Spectra: See Table 3.5-2

3.3.2.2 Retermination of Forces on Btructurss

The forces on Seismic Category I structures due to tornado wind
loadings are obtained using methods outlined in Section 3.3.1.2,
with a wind velocity of 330 mph (vector sum of all component
velocities - assumed constant with height). Velocity profiles
are determined as outlined in Section 3.3.1.1. Effective
pressure distribution loads are transformed into egquivalent
static buildding forces as outlined in Section 3.3.1.2. In
determining tornade wind loadings, both the importance factor and
gust factors are taken as unity.

Tornado loadings include tornado wind pressure, internal pressure
due to tornado created atmospheric pressure drop, and forces
generated due to the impact of credible tornado missiles. These
loadings are combined with other loads as described in Section
3.8.

3.3.2.3 Effect of Failure of Structures or Components Not
Resigned for Torpade Loads

Adjacent structures will not be permitted to affect or degrade
the capability of Seismic Category I structures to perform their
intended safety functions as a result of tornado loadings. This
is accomplished by one of the following methods:

A. Designing the adjacent structure to Seismic Category I
tornado loadings.

B. Investigating the effect of adjacent structural failure on
Seismic Category I structures to determine that no
impairment of function results.

c. Designing a structural barrier to protect Seismic Category
I structures from adjacent structural failure.

Amendment I
3.3-2 December 21, 19%0
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REFERENCES FOR SECTION 3.3

Minimum Design Loads for Buildings and Other Structures,"
ANSI/ASCE 7.

»Wind Forces on Structures,” ASCE Paper No. 3269,
Transactions, ASCE, Vol. 126, Part II, 1961, p. 1124.

»Wind Loads on Dome-Cylinder and Dome-Cone Shapes," ASCE
pPaper No. 4933, Journal of the Structural Division -
Proceedings of the American Society of Civil Engineers,
°ol. 92, No. ST5, October 1966.

Evaluation the Office of Nuclear Reactor

ornado 8 asis or e ALWR, attache
March 25, 1988 NRC Tetter to the ALWR Utility Steering
Committee.

Amendment N

3.3-3 April 1, 1993



Question 940308-16:

You have stated that the sources of missiles will be minirnized by equipment design features.
Where are these specific design features specified and to what extent do they include the
design of non-seismic structures such as turbine building siding which could be blown off in a
tornado?

Response:

The design features which reduce the potential of missiles are identified in CESSAR-DC
Section 3.5. Exterior safety related equipment is protected by structures or is hardened to
withstand the externally generated tornado missile spectra identified in Section 3.5. The
spectra are from NUREG-0800, NRC Standard Review Plan. The spectra do not specifically
identify siding blown off the turbine building. The tornado missile spectra identified envelope
credible tornado missiles. CESSAR-DC Section 3.5 is being revised from "Minimizing the
sources of missiles..." to "Reducing the potential for sources of missiles...".

A marked CESSAR-DC revision for Amendment V 1s attached.



CESSAR 2ificarion

3.5 MISSILE PROTECTION

The missile protection design for Seismic Category I structures,
systems and components is described in this section.

Missile protection or redundancy is provided for Seismic Category
I equipment and components such that internal and external
pmissiles will not cause the release of significant amounts of
radiocactivity or prevent the safe and orderly shutdown of the
reactor.

The protection of essential structures, systems and components
will be accomplished by one or more of the following:
Fclac/nj the potentia/ Ffor
‘A Whnbbabng-the sources of missiles by equipment design
features that prevent missile generation.

Orientation or physical separation of potential missile
sources away from safety-related equipment and components.

Containment of potential missiles through the use of
protective shields and barriers near the source.

D. -!hc,zgrdcninq of safety-related equipment and components to
wvithstand nmissile impact, where such impacts cannot be
reasonably avoided by the methods above.

3.5.1 MISSILE SELECTION AND DESCRIPTION

Potential missiles are identified and charact . .zed by type and
source and their probability of occurrence, retention and impact.
For equipment with energy sources capable of creating a missile,
the selection is based on the application of a single-failure
criterion to the retention features of the component. Where
gsufficient retention redundancy is provided in the event of a
failure, no missile is postulated.

Internally generated missiles can be generated potentially from
two types of equipment: rotating components and pressurized
components. Rotating components include turbins wheels, fans,
auxiliary pumps and their associated motors. Pressurized
components include valves, heat exchangers, vessels and their
associated components.

Amendnant I
Decenber 21, 1990




Question 940308-17:

Please describe the analysis which showed a maximuu, 2 psi vacuum in containment
following inadvertent containment spray actuation. Include initial conditions and assumptions.
If initial temperature is 110 F, should there be a Tech Spec lirnit for minimum containment

temperature”?
Response:

The reduction in containment pressure following an inadvertent containment spray actuation
was calculated in the following way. The containment spray was assumed to cool the
containment atmosphere from its initial temperature to the minimum temperature of the spray
water entering the containment. The decrease in containment pressure results from the
changes in the air and steam partial pressures. The relative humidity at the beginning and
final condition was assumed to be 100%.

It is conservative to assume maximum containment temperature and minimum spray water
temperature. It is also conservative to assume the minimum initial containment pressure. The
relationship between the minimum allowable IRWST water temperature and the containment
temperature is given in Technical Specification Figure 3.5.4-1. The maximum containment
atmosphere temperature is limited to 110° in the Technical Specification. The minimum
containment atmosphere pressure is limited to 14.3 psia in the Technical Specifications.

With a containment atmosphere temperature of 110°F and a spray water temperature of 81°F,
the resulting pressure differential across the containment steel shell is 1.82 psig if the initial
containment atmosphere pressure is greater than 14.3 psia.



Question 940308-18:

Does the CE-SSAR require that all v_ivec be designed with a shoulder or backseat larger than
the bonnet opening such tha' stem ejection is prevented, consistent with the staff’'s FSER
statement on page 3-39” Could valve bonnets or bonnet bolts be considered potential
missiles? If so, is this considered in the CE-SSAR?

Response:

CESSAR-DC does not state that there are no missiles from valve stems. CESSAR-DC,
Section 3.5 states that "there are uo missiles postulated from valves..." for reasons given
therein. Justification provided addresses valve stems, bonnets, operators and diaphragms.

Except for action relating to the - )ine maintenance and inspection program, CESSAR-DC
does not currently include a COL action item requiring confirmation of missile protection
assumptions. A COL action item is being incorporated into CESSAR-DC Section 3.5.4 in
Amendment V.

Related CESSAR-DC sections including a marked revision for Amendment V are attached for
information.
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The types o! mnissiles considered and/or not considered in the

design of Seismic Category I structures, systenms, and components
are discussed in the following sections:

A. Internally Generated Missiles (Outside Containment) ,
described in Section 3.5.1.1.

B. containment Internal Missiles, defined in Table 3.5-1 and
Section 3.5.1.2.

Turbine Missiles, described in Section 3.5.1.3.

Natural Phenomena (Tornado) Missiles, described in Section
3.501.‘.

Site Proximity Missiles (Except Aircraft), described in
Section 3.5.1.5.

F. Aircraft Hazards, described in Section 3.5.1.6.

3.9.1.1 Internally Generated Missiles (Outside Containment)

Internally generated missiles (outside containment) from rotating

and pressurized components are not considered credible for the
reasons discussed below.

The redundant safety systems outside of containment are

physically separated such that no single gravitational or other
type missile can impact both systems.

3.5.1.1.1 Auxiliary Pumps and Motors
There are nc postulated missiles originating from saxiliary pumps

and associated motors outside containment for the following
reasons:

A. The pump motors are induction type which have relatively
slov running speeds and are not prone to overspeed. The
motors are all pretested at full running speed by the motor
vendor prior to installation.

In addition to the low likelihood of missiles due to motor
overspeed as discussed in A. above, the motor stator would

tend to serve as a natural container of rotor missiles if
there wvere to be any.

All pumps normally have relatively low suction pressures
and, therefore, would not tend to be driven to overspeed due
to a pipe break in the discharge line. In addition, the
induction motor would tend to act as a brake to prevent pump
overspeed.

Amendnent I
December 21, 1950
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D. industry pump designs are such that ( and service history
shows) no occurrences of impeller pieces penetrating pump
casings.

3.5.1.1.2 Eme.-gency Feedwater Pump Turbines

There are no postulaied missiles from the Emergency Feedwater
(EFW) pump turbines for the following reasons:

A. Turbine overspeed protection; electrical trip at 115% of
rated speed, and mechanical trip at 125% of rated speed.

B. Assurance of turbine disk integrity Dby design and
inspection.

. Enclosure cf the EFW pumps and turbine drivers in a
reinforced concrete room.

3.5.1.1.3 Valves

There are no missiles postulated from valves for the following
reasons:

A. All valve stems are provided with a backseat or shoulder
larger than the valve bonnet opening.

B. Motor operated and manual valve stems are restrained by stem

threads.
ﬁJ c. Operators on motor, hydraulic and pneumatic operated valves
prevent stem ejection.

D. Pneumatic operated dilbhraqnl and safety valve stems are
restrained by spring force.

E. All valve bonnets are either pressure sealed, threaded or
bolted such that there is redundant retention for prevention
o of nissile generation.

3.5.1.1.4 Pressure Vessels

All pressurized vessels outside containment are moderate energy
(275 psig) or less and are designed and constructed to the
standards of the ASME Code. In addition to the ASME Code
examination and testing requirements, all vessels will receive
periodic in-service inspections. Where appropriate, these
components are provided with pressure relief devices to ensure
that no pressure buildup will exceed material design limits.

on this basis, moderate energy pressure vessels are not
considered credible missile rources.

Amendment K
3.5-3 Octeober 30, 1992
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3.5.1.2 Internally Generated Missiles (Inside Containment)

Table 3.5~1 lists postulated missiles from equipment inside
containment, and summarizes their characteristics. Included are
major pretensioned studs and nuts, instruments, and the CEDM
missile. Other items which were considered and specifically
excluded because of redundant retention features are valve stems,
valve bonnets and pressurized cover plates.

3.5.1.3 Turbine Missiles

The probability of turbine missile generation and adverse impact
effects on Seismic Category I systems and components is assured
to be less than 1.0E~4 events per turbine~year by a combination
of the following measures:

A. Reliable turbine overspeed protection provisions (see
Section 10.2.2 for details).

B. Adequate assurance of turbine disc integrity by design and
inspection (see Sections 10.2.2 and 10.2.4 for details).

Cs Placement and orientation of the turbine generator
(described below).

D. The protection provided by plant structures, not explicitly
designed as barriers, that may reduce missile energy to less
than that required to penetrate Seismic Category I
atructures.

E. Adequate turbine maintenance and inspection program (see
Section 10.2.4 for details).

The turbine generator placement and orientation for the System
80+ Standard Design, and the corresponding low-trajectory missile
strike zones, are illustrated in Figure 1.2-1. The placement and
orientation of the turbine generator provides adequate protection
against low trajectory turbine missiles by excluding
safety-related structures, systems, and components from the low
trajectory turbine missile strike zones in accordance with the
guidelines of Regulatory Guide 1.115.

Critical structures (i.e., those housing safety-related
equipment) and exterior equipment are located in line with, or
within close proximity to, the longitudinai axis of the turbines.
This makes the potential for turbine-generated missiles to strike
these targets negligibly small.

Anendment N
3.5-4 April 1, 1993
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3.5.4 GENERAL DESIGN BASES

Protection for all Seismic Category I structures,

systens
components are provided by the following:

A. For systems and parts of systems located inside

containment (RCS and connected systems, Ingineered Safety])
Feature systems), appropriate missile barrier desig
procedures are used to ensure that the impact of (aep
potentia) missile$ will not lead to 2a loss-of-coola
accider or preclude the systems from carrying out their

specif | safety functions.

B. For cems and eguipment outside containment, appropriate
desic: procedures (e.g., proper turbine orientation, natural

separati n, or missile barriers) are uscd to ensure that

impact of potential missilesdoes not prevent the system | |y
or equipm out its specified safety
function.

c. For all systems and equipment, \appro
are used to ensure that the impac

does not prevent the conduct of a sa plant shutdown,

riate design procedures
potential missil \/

nndlx

the

the

or

prevent the plant from remaining in a rafe shutdown

condition.
D. Safety-rel-ted instrumentation and control equipment
protected from potential missile sources. The 1E

are
and }I

associated cabling and sensing lines are also protected from

potential missile sources.

Jhe (04 .-57-»//'4:»1‘ wil! enwsure * Hat 25-built

tonditions ff-nvz'alc Sa/smie 67‘7 - .n“-a-d‘m:/ V
Sjsﬁ’"t and  Compornentis pre #chne Frowm Cradible

P Yent' &/ missles.

Anendment K
3.5=7 October 30,

1992



Question 940308-19:

Please clarify the depth of the CTG building foundation and the height of this building above
ground, and the elevation and seismic qualification of the CTG fuel \anks.

Response:

The Combustion Turbine Generator (CTG) Alternate AC source is described in CESSAR-DC
Sections 1.2.16.2 and 8.3.1.1.1.5. The CTG is founded on a concrete reinforced pad at plant
finished grade. The CTG is provided as a packaged unit and is housed in its own metal
enclosure/si.pport structure. The CTG fuel storage tanks are steel tanks constructed on
reinforced concrete foundations. The CTG and its foundation will be designed such that the
maximum possible flood elevation will be a minimum of one foot below the lowest CTG
operating coraponent.



Question 940308-20:

FC™ THE STAFF:  On page 3-41 the staff states that the orientation of the turbine generator
system is such that any potential turbine missiles will not strike the reactor building. It
appears that this staff position declares that NO possible turbine missile will strike the reactor
building. If so, how is this justified?



Question 940308-21:

FOR THE STAFF: Please clarify what is meant by "continuously manned” on FSER page
19-220. Where and by whom?



Question 940308-22:

Please compare the elements of your shutdown risk PRA (i.e. loss od DHR, LOCA, LOOP,
and fire) with those from the NSAC 84 and Seabrook studies.

Response:

The following table compares the Core Damage Frequency (CDF) for the ABB-CE, NSAC-84
and Seabrook studies. All three studies concluded that human actions are important in
shutdown modes. The NSAC-84 and Seabrook studies concluded that the uncertainties were
greater than for power operation and the ABB-CE analysis did not address uncertainty.

COMPARISON OF SHUTDOWN PRAs
Event Type ABB-CE NSAC-84 Seabrook
Total CDF 8.4x107 1.8x10° 4.5x10°
Contribution for
reduced inventory 31% 61% 71%
Contribution by
initiating event
Loss of DHR 23% 74.6% 61%
LOCA 16% 14.7% 18%
LOOP 25% 0.7% 6%
Fire 36% Not Analyzed 4%
Seismic or Loss
of Support Systems Not Analyzed Not Analyzed 11%
Sequences not
specified 0 10% 0

This information supplements the information presented in CESSAR-DC Table 19.8.1-3.




Question 940308-23:

Please provide the code manual which deals with the models, correlations, and basis for the
ATHOS code.

FOR THE STAFF: How did you address the issue of fluid elastic instabilities in the steam
generator secondary side (generating cross-flow conditions across the tubes) which may lead
to long term tube vibration and resuitant cracking and tube rupture?

Response:

For the purpose of expediency, the requested ATHOS code manual (EPRI Report NP-2698-
CCM, dated October 1982) has been sent directly to Dr. Catton (copy of manual cover page

attached).

Further, in response to a steam generator question asked at the February 9, 1994
Subcommittee meeting (Question No. 940209-2), ABB-CE indicated that a white paper was
being prepared regarding System 80+ steam generator design issues and that a copy of the
paper would be provided to the ACRS, if desired. Internal review of this paper is expected to
require another 4-6 weeks. In lieu of the paper, a presentation will be mad: at the April 5-6,
1994 ACRS Subcommittee meeting which addresses the significant issucs discussed in the
paper and which also provides the pertinent design, analysis, and operational data contained in
the white paper.

Some of the information to be presented (3 pages) is proprietary in nature. ABB-CE has
already sent a letter to NRC staff (LD-94-020, dated March 25 , 1994) to document the
proprietary classification for this information so that it can be presented at the Subcommittee
meeting.



ATHOS—A Computer Program for
Thermal-Hydraulic Analysis of Steam Generators

Volume 1. Mathematical and Physical Models and
Method of Solution

NP-2698-CCM, Volume 1
Research Project 1066-1

Computer Code Manual, October 1982

Prepared by
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ATHOS—A Computer Program for
Thermal-Hydraulic Analysis of Steam Generators
Volume 2. Programmer's Manual

NP-2698-CCM, Volume 2
Research Project 1066-1

Computer Code Manual, October 1682

Prepared by

CHAM OF NORTH AMERICA INCORPORATED

3400 Blue Spring Road
Huntsvilie, Alabama 35810

Principal Investigators
A. K. Singhal
L. W. Keeton
A J. Przekwas
J. 5. Weems

Prepared for

Electric Power Research Institute
3412 Hiliview Avenue
Palo Alto, California 84304

EPRI Project Nianager
G. S. Srikantiah

Analysis and Testing Program
Nuclear Power Division



ATHOS--A Computer Program for
Therrmal-Hydraulic Analysic >f Steam Generators
Volume 3: User's Manual

NP-2698-CCM, Volume 3
Research Project 1066-1

Computer Code Manual, October 1982

Prepared by

CHAM OF NORTH AMERICA INCORPORATED
3400 Blue Spring Road
Huntsville, Alabama 35810

Principal Invastigators
A. K. Singha!
L. W. Keeton
A. J. Przekwas
J. §. Weems

Prepared for

Electric Power Research institute
3412 Hillview Avenue
Palo Alto, California 94304

EPRI Project Manager
G. S Srikantiah

Analysis and Testing Program
Nuclear Power Division




On CE-SSAR pages 19.7-31 and 19.7-32, piease provide the basis for why the fire barrier
failure probability (1.2E-3) is so low?

Response:

The fire barrier failure rate of 1.2x10” per demand that was used in the System 80+
quantitative fire scoping analysis (CESSAR-DC page 19.7-31) was selected from a set of
values presented in Section 4.6 of NUREG/CR-4840, "Procedures for the External Event Core
Damage Frequency Analysis for NUREG-1150", dated November, 1990. This failure rate was
primarily used to represent the failure of the reinforced concrete wall between the diesel
generator rooms and the adjacent areas in tne subsphere at elevation 50+0. It should be noted
that at least one additional fire barrier would have to fail for the fire to propagate to another
fire area containing safety-related equipment.
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Revised Responses to ACRS ABB-CE Standard Plant
Designs Subcommittee Questions from Previous Meetings

Question 931208-10:
What is the basis for the test requirement specified in ITAAC test #9.b) on Table 2.6.1-1?

Revised Response:

It was determined that the basis for ITAAC test #9.b) is the Electrical Power Distribution
System'’s capability to operate the Class 1E leads at the loads’ analyzed minimum voltage.
ITAAC #9.b) Inspections, Tests, Analysis, and Acceptance Criteria will be modified as
follows to reflect this basis. The modified item #9.b) will also be relocated to Item #22
(appearing as Item #22.b)), since Item 22 deals specifically with voltage analysis.

l : I - ! Criterd

22.b) Tests of the as built Class 1E 22.b) Connected Class 1E loads
EPDS will be performed by operate at the analyzed
operating connected Class 1E minimum voitage as
loads at the analyzed minimum determined by the voltage

volt .ge. drop analysis.




Question 931208-11:

For those plant components identified in the SSAR or Design Description which are not
expected to be replaced during a 60 year design life, how will it be assured that such
components will be designed to last 60 years? Will ABB-CE provide any design guidance for
when to replace components that are not expected to last 60 years?

For NRC STAFF: What is the staff’s position o1 the degree to which ABB-CE needs to
specify design guidance in both of the above cases?

Revised Response:

The 60-year plant design life for System 80+ is accomplished through a combination of
design, material selection, design analysis, procurement requirements, pre-/inservice
inspection, maintenance, and replacement activities for individual components and systems.
These issues are addressed in CESSAR-DC. Major NSSS component design life (e.g., the
reactor vessel) is confirmed through anialysis and monitored throughout the station life. For
example, CESSAR-DC Section 3.9.1. describes the approach to fatigue analysis of the NSSS
based on the transients expected througl. a 60-year plant life. For the reactor vessel,
improved material specifications are stated in Section 5.2.3.2 and the neutron irradiation
analysis for 60 years is documented in Section 5.3.2.1. Major Nuclear Steam Supply System
(NSSS) and turbine generator (T-G) components are not expected to be replaced during the
60-year design life of the System 80+ plant. The design and inspection requirements for the
turbime are reviewed in CESSAR-DC Sections 10.2.3 and 10.2.5.

For components that may be replaced during the 60-year design life, the design life is
determined during the actual design and procurement procesis where the objective is to obtain
the longest design life obtainable for a given component, consistent with life-cycle cost
considerations. For those components where 60-year life is not obtained, replacement criteria
will be included in the plant’s equipment manuals and, as part of maintenance and
surveillance programs as described in Section 3.11.2.1 and summarized in Section 3.9.6 and
6.6.

Further, the ALWR Utility Requirements Document (URD), Volume II, Chapter 1, Section
11.3.4.1, requires that the design life plan and preventive maintenance program include
monitoring of all structures, systems, and components (SSCs) for which monitoring is cost
effective with respect to safety, reliability, and maintenance.

Compliance with the URD is a "living" process in that compliance with major URD
requirements is established early in the design process, and compliance with other more-
detailed URD requirements is documented as the design is completed and corresponding
design detail becomes available. For example, the Nuplex 80+ Advanced Control Complex
design includes monitoring and recording capability for all significant components and
parameters, which would support any practical design life or maintenance plan. Detailed
design life planning and maintenance programs are deveioped during the final stages of plant
design when detailed design information is availabie, including specific equipment to be




Revised Response (continued):

procured. Proposals to prospective customers include programs to address periodic
monitoring, continuous monitoring, data management systems, monitoring techniques and
frequencies, and training.

Moreover, the System 80+ Design Reliability Assurance Program (D-RAP) provides input to
the plant’s Operations Reliability Assurance Program (O-RAP), as described in Section 17.3
of CESSAR-DC. To ensure that the owner/operator reviews the guidance in the URD at the
time the O-RAP is developed, a statement referencing the URD is being added to Section
17.3.9 of CESSAR-DC, as shown on the attached mark-up.
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availability targets and the associated maintenance practices for
achieving them.

17.3.8 DEFINING FAILURE MODES

The determination of dominant failure modes of risk-significant
S8Cr will include historical information, analytical models and
existing requirements. Many PWR systems and components have
compiled a significant historical record, so an evaluation of that
record comprises Assessment Path A in Figure 17.3-3. Details of
Path A are shown in Figure 17.3-4.

For those SSCs for which there is not an adequate historical basis
to identify critical failure modes, an analytical approach is
necessary, shown as Assessment Path B in Figure 17.3-3, The
details of Path B are given in Figure 17.3-5. The failure modes
identified in Paths A and B are then reviewed, including the
existing maintenance activities in the industry and the maintenance
requirements (Assessment Pa'h C in Figure 17.3-3). Detailed steps
in Path C are outlined in Figure 17.3-6.

17.3.9 OPERATIONS RELIABILITY ASSURANCE ACTIVITIES

Once the dominant failure modes are determined for risk-significant
S5Cs, an assessment should be used to determine suggested O~RAP |
activities that will assure acceptable performance during plant
life. Such activities may consist of periodic surveillance
inspections or tests, monitoring of S§SC performance, and/or
periodic preventive maintenance (Reference 17.3-1). An example of
a decision tree that would be applicable to these activities is
shown in Figure 17.3-7. As indicated, some SSCs may require a
combination of activities to assure that their performance is

consistent with the PRA. In addifim The W,V?/ f‘"i{"" o sy Y g TN
The ALWR “f}}:/‘; %uiwﬁ Docimﬂg C » :MC- c‘\.;*lr‘
Periodic testing of SSCs may include startup of ltandﬁy systems,
surveillance testing of instrument circuits to assure that they

will respond to appropriate signals, and inspection of passive SSCs |
(such as tanks and pipes) to show that they are available to
perform as designed. Performance monitoring, including condition
monitoring, can consist of measurement of output (such as pump flow

rate or heat exchanger temperatures), measurement of magnitude of

an important variable (such as vibration or temperature), and
testing for abnormal conditions (such as oil degradation or local

hot spots).

Periodic preventive maintenance is an activity performed at regular
intervals to preclude problems that could occur before the next
preventative maintenance (PM) interval. This could be regular oil
changes, replacement of seals and gaskets, or refurbishment of
equipment subject to wear or age-related degradation. The designer
could provide the COL applicant with recommended reliability
activities such as providing limitations for assuring reliability,
and methods to determine service life, if known.

Amendment R
17.3=-5 July 30, 1993
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NRC Staff Responses to ACRS Questions on the
System 80+ Standard Plant Design
(March 8 and 9, 1994 Questions)



21
940308-)8 Carroll FOR THE STAFF: Please clarify what is meant by
“continuously maaned” on FSER page 19-220. Where and by
whom?

The complete sentence reads as follows: "ABB-CE stated that the flood door open/close
status will be continuously monitored and manned 24 hours a day.” The intent of this
sentence is to state that the open/close status of the door in question will be continuously
monitored and the monitoring station will be continuously manned. The monitoring station is
located in the security Central Alarm Station (CAS). The CAS is continuously manned and
monitored by security personnzi. ABB-CE indicated to the staff that if an alarm indicates
that a door is mispositioned, a security officer is sent out to investigate. Security procedures
are the responsibility of the COL applicant as per Chapter 13 of the CESSAR-DC. Also,
communications are provided between the main control room and the security CAS. Fire
alarm information is also retrievable in the main control room.

In the Design Description of ITAAC 2.1.1 it is stated that * Flood doors, shown on Figures
2.1.1-1 through 2.1.1-12, have sensors with open and closed status displays provided at &
central fire alarm station.® This issue was also address by ABB-CE as an Action Item on
Shutdown Risk in an NRC meeting July 7-8, 1993. The statement in the FSER is based on
the ITAAC information and the written response provided to the staff by ABB-CE as a result *
of the meeting.

The staff is reverifying this information with ABB-CE. The staff will chnfy the FSER to
reflect the above information.



940308-15  Lindblad In the staff"s FSER section regarding the design tornado
windspeed, a reference is made to ABB-CE meeting the interim
staff position in Reg. Guide 1.76, but it is not clear that is Reg.
(uide 1.76 as modified by the ietter of March 25, 1988. Is this
mace <lear in the CE-SSAR?

FOR THE STAFF: Is there any ambiguity in the above FSER
stateme.t regarding the design torado windspeed?
Response:

In FSER Sectiun 3.3.2, the staff states that the staff"s interim position on RG 1.76 was
issued in a March 25, 1988 letter. It later states that all seismic Category I structures,
amwmmmmmmwmnfemumammzmmw
resist tornado effects in accordance with the interim staff position in RG 1.76. The FSER
does not appear to be ambiguous on this point.

Howevu,wmuaducwrymmmmswbemidudinginumitmmmmcumnt
mﬁpodﬁmwimmwduign-buismadoshmninedinmdocumuwﬁmin
1974 (WASH-1300 and RG 1.76). This sentence will be changed to state, *The staff
position withrqudtoduign-buiswmadmwupuviowybandontwodocuwnwﬁm
in 1994..."



940308-20 Carroll FORMWAFP;Oanl,MMWM&e
oﬂenuﬁonofdnmrbinegenmwrsymmissuchthnmy
potmnllmbmemmlumllnotmkememctorbundm; It
mmmmwmmmmm&m&n
missile will strike the reactor building. If so0, how is this
justified?



940308-23 Catton Plasepmvidethecodemmml\vhiehdellswmmemodeu,
correlations, and basis for the ATHOS code.

FOR THE STAFF: How did you address the issue of fluid
Mcinmbﬂiduinﬂnnamgmwrmrydde
(generating m-ﬂwemdntiommumemba)whichmay
ladtolm;wrmmbevibuﬁmmdmulnntcuckingmdmbe
rupture?

Response:

Sumgmmmbeinwgﬂg'wunpomddfmmninmtbyp‘nﬁomam
generator tube rupture are currently discussed in FSER Sections 5.4.2 and 15.3.9
respectively. msinumidmﬁﬁedumopwimindnbsnundebﬁkq;enlm
15.3.8-1. The staff adopted a defense-in-depth approach to this SECY-93-087 issue in the
context of accident prevention and mitigation. The first aspect involved the preventive
mumdmABB—CEuadwndueed\eﬁkeﬁhoodofanamgmwrmbempmm
(SGTR). mmtdnpectinvolvedthemitipﬁvenmummmeSym 80+ design
contains that reduce the likelihood of a containment bypass sequence given an SGTR event.
mpdncipnlcomunfotmisiminvolmmepomﬁalfonminuumnfetyvﬂve
(MSSV) sticking open during an SGTR resulting in an unisolable release path from the
reactor coolant system to the environment. C .

Thmughoutmeeoumofthemﬂ'ueviewofﬁnSyncmﬂo+decign.thenffhu
emphuindtheimpomneeofbothprevmﬁonmdnﬁﬁu&mmmmindeﬂingwimm
generator tube ruptures in ALWRs. Discussions were held between the staff and ABB-CE
to go over preventive improvements offered in the System 80+ SG design. These
improvements were based on years of design evolution of ABB-CE designed steam
generators. mamchedmmnmnmumﬁomamovmm(nm 1)
MwmmrimmeduignevoluﬁonofABB—CEstamgumduim. The staff has
followed these improvements through work with the industry and has reviewed this
experience for applicability to the System 80+ steam generators.

WithmspaabtheACRS'sconmofﬂuidehsﬁcinmbﬂity.dleva\dmhuund operating
experience as-well-as new analytical tools o aid in the improvement of SG performance.
mmwmmmmsmdixwmmmmm;hm
the review process. Asnondinthennchedtepm.ﬂowinducadmhubwnexpedmced
in ABB-CE designed $Gs. Two particular areas of concern exist (1) batwing (BW) wear,
lma)ﬂowbyplumultin;inM;hvdodtyﬂuiduidn;aboveﬂumimm;ysmnw
design) causing corner tube wear.

Faibm(l)lbove(butwingm).ﬂ\eSymwdedgninwducdlnmnﬂow
mmmmmwnwmummmmnwm. The upward fluid
vebdtymuucmuﬂavityinmwiminauﬁnghd;htmmmbem
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Alpmoftheuialﬂoweconomimdesizn.!henomﬂlyopenmbehnemdcenmﬂvity
mﬁnedwitht!nwonomizudividerpmemdmpponcyunder. Therefore the fluid in the
cemnlcavitydounotbeginiuupwardwcclmﬁmumembesbeelbutmheraboveun
economizer. The resulting velocities at the batwing level are reduced as compared with
non-economizer units that have the batwing feature. As a result of these design changes,
BWwarisexpacwdmbehnm(ormﬁauynm-eximmnSymwmdSymm
80+ steam generators. Some tubes have been observed to have wear at the BW locations in
the Palo Verde (System 80) steam generators. It should be noted that the BW feature was
diuﬁmmdbqinningwithABB-CE'sKmnmitswdounouppeuontheSymmSO-'b
steam generators.

For item (2) above (economizer comer region bypass flow induced wear), System 80+
contains a re-designed downcomer (cold side) recirculation window to eliminate the corner
tube wear problem.

FSER Section 5.4.2 also contains 2 discussion of System 80+ SG design improvements with
respect to hydraulic stability. The following discussion is from FSER Section 5.4.2:

ABB-CE stated that the steam generator internal components are designed to maintain
localized fluid velocities below the critical velocities which will cause excessive tube
vibration. The horizontal egg crate tube supports are designed and located to
maintain the natural frequency of the tubes higher than the exciting frequency induced
by cross-flow in the tube bundle entrance region. In comparison to the System 80
steam generators, several design improvements, described below, have been made to
the System 80+ steam generators to prevent the type of vibration induced wear seen
at other plants:

. The economizer divider plate and center stay [support] cylinder have been
extended up to the top of the cold side recirculating fluid entrance window, to
reduce fluid cross flow velocities.

. The downcomer partition between hot side and cold side has been extended
down to the top of the economizer divider plate to prevent circumferential
flow,

. The economizer flow shroud has been extended up 41 cm (16 in.) to meet the
downcomer flow shroud, for a circumferential distance of 18 cm
Oin.)machideofmecoldddemimulaﬁn; fluid entrance window, to
linmtheaouﬂowvelocitiuinmeopmmbehnedongmemnﬁm
divider plate.

. Oneadditiomlmmtubesupponhuhemaddedtothecoldlqwono—

mizer region to stiffen the tubes. The combination of stiffer tubes and lower
local fluid velocities results in a reduction in flow induced tube vibration for

5



the System 80+ steam generators.

Aﬂowinducedvibuﬁonwhubmpedomedonawmodelforthem
generator economizer and lower tube bundle region. This test model incorporated the
design improvements described above for the System 80+ steam generators. ABB-
CE states that the results of the economizer test should provide comparable results for
the System 80+ units and, therefore, excessive tube vibration due to flow induced
vibrations should not occur.

It should be noted that the Palo Verde SGTR was not the result o}w“x:i;ubiuty. The root
cause has been attributed to outer diameter stress corrosion cracking (ODSCC). ODSCC for
the Pale Verde Unit2SGshnbamam'ibutedtoﬁdgedepodu&mfomedinthefncspan
(upper bundle) region due to water chemistry problems exacerbated by a resin release and
SG thermal-hydraulic attributes that create the potential for dryout in the free span region.

ABB-CE also used the ATHOS-II code to aid in predicting potential thermal-hydraulic related
problems for the System 80+ SGs. The results of the analysis showed thermal profiles in
the free span region that have a lower steam Quality and subsequently a rec ced potential for
dryout when compared to Palo Verde. This was due to the lower Thet (reduced from 621°F
to 615°F) as-well-as an increased recirculation ratio from 3.00 (Palo Verde) to 4.05 (System °
80+) for 100 percent power operation.

The staff discussed with ABB-CE their use of the ATHOS code as a design tool in System

80+ SG development; however, the staff did not rely on the ATHOS code for its safety
conclusions nor was the code submitted for NRC review. ABB-CE also used the CEPAC
code (described in Section 4 of CESSAR-DC Appendix SF) to model plant response to an
SGTR. The CEPAC code was not submitted for staff review; however, the code was
benchmarked against other approved codes such as CENTS for the SGTR event.

Additionally, the staff focused the SGTR review on red'«cing the likelihood of a containment
bypass sequence given the SGTR event. Consequently, the staff did not rely on preventive
measures alone for a safety finding on risk associated with SGTRs/containment bypass. The
staff pursued this review approach due to the history of steam generator problems
experienced in the industry, the varying phenomena experienced in tube degradation
mechanisms (e.g. vibration related failures, primary water SCC, ODSCC, dryout/steam
blanketing), and the potential for an unidentified degradation phenomena to occur in a new

SG design.

In response to the staff"s approach, ABB-CE was charged with providing a detailad
examination of the System 80+ plant behavior auring an SGTR event. Also, ANB-CE was
tasked with evaluating potential design a!‘ernatives that could reduce or eliminate the
potential for MSSV lift. This detailed analysis is provided in CESSAR-DC Appendix SF and
contains both single and multiple (five) tube rupture analysis.




ABB-CE’s design analysis and the staff"s review resulted in several design modifications that
would enhance the plant’s and operator’s response to a tube leak and/or a tube rupture event.
The staff determined that with the (1) modification of the component coolant water system to
ensure continued operation of the turbine bypass system throughout an SGTR event,

(2) addition of two nitrogen-16 (N-16) monitors (one per SG) in the steamlines to provide
early indication of tube leakage and to help SGTR diagnostics, (3) addition of associated
ITAAC and TSs to ensure inclusion and availability of N-16 monitors, and (4) modification
of emergency operations guidelines to ensure proper guidance of SGTR recovery actions, the
System 80+ design provides adequate diagnostics and operator response time to mitigate the
consequences of SGTR events (see FSER section 15.3.9 for additional information).

Reference 1: Palo Verde Unit 2 Steam Generator Tube Rupture Report, July 18, 1993;
Docket No. STN 50-529.



Atta c hmert

L W W W N

XIV. APPENDICES

A.

Design Evolution of Combustion Engineering Steam Generators

The Design Evolution of the System 80 Steam Generator Support Structure was reviewed
for structural adequacy. The Steam Generators (SG 's) at PVNGS are of the System 80
design and were manufactured by Combustion Engineering (CE) at the Chattanoogs, TN
facility during the late 1970's. The design of the System 80 SG internal tube bundle
suppon structure evolved from the earlier SG's that CE designed, manufactured and sold
to the various electric power utilities during the 1960's and 1970's. Tube suppons are
required at periodic intervals along the U-tube to prevent flow induced vibration which
can result in fretting-wear and/or fatigue failure. The changes to the design from the
earlier Units were basically a result of trying to balance two opposing design parameters.

* The desire to maintain s large number of supports and their associsted rigidity to
provide the large margin (i.e. the “over-design” margin) for operating loads
(mechanical stresses and fiow induced vibration) and accident losds (i.e. LOCA,
MSLB), verses

* The empirical evidence from the operating Units showed that the higher the number of
supports, the more crevices are created in which corrosion products will accumulate,
resulting in more plugged tubes. * .

The area in which there was the most “change” in th: design of supports, in the history of
the CE SG's, was in the upper bundle region; na. ely the partial eggcrates, the barwings
(BW's) and the vertical support grids(VS's). The following outline ( ctails this design
evolution.

1. “Early Units”

The “Early Units” consisted of Palisades, Mihama- | (Westinghouse), and Fort
thoun.‘l'hemnnded;nofmsc'smtoovuiedtobegmpedwomy
Jpecific category. However, they did have one common feature, the eggcrate design of
their vertical suppon (VS) region was such that they used scallop bars to lock in the
horizontal span of the tubes. (The VS region is besically an eggerate suppor that lays
on its side, with respect to the full and panial eggcrate suppons below. However, 1o
manufacture the san.e diamond pattern of the full and partial eggcrates in the VS

* " Tegion is unreasonable. Thus, the VS region uses a square eggcrate design with rubes

in every other square. This increases tube spacing from 1™ in the diamond parnem of
the lower eggerates to |.257 in the \'S region «f the Early Units, which aided
manufacturing [and aided Engineening by allowing the Huid 10 exit the bundle with
less resistance]. However. the tubes wn the V'S region were still close enough that a
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unighlocthubucmndnotbeundtolockthembcimoitnqumeucmeduﬁn'
assembly. A scalloped shaped locking bar was used).

Note: When comparing fossil boilers 1o nuclear SG's, the nuclear SG's were “unique”
dncmhebomn;nkapuceonthemuwuoppoudwﬂnmbeda.uanam.
ninimnlﬂowhmeodvibmiondmwunvaﬂnbluodnduimofdnCESG's.To
mhﬁmdﬂw%dv%,hmuwmhdnuﬂy
units were intentionally over-designed from a vibration standpoint. The opposing
effect of this “over-designing” was that the supports were partially shielding the tubes,
and potentially creating in flow starved regions were deposits could concentrate.

“Series 6™

mﬁmmpofplmmuhﬁacommmduimmcmdﬂn“S«mGrmme
~2800 MWt Units. This category consists of Maine Yankee, Calvert Cliffs-1&2, St.
Lucie-1, and Millstone-2. (See Figure XIV -a)

The Series 67 upper bundle design (see Figure XIV-b) consisted of 4 panial supponts
mdaunibodyduipoﬁbel\v'smdVS':.MWbodydcﬂmnmmuhVS‘s
and BW'’s were welded together as one piece before being instalied in the SG. The VS’
lndB\anerilloﬂhennibodywncubonued.mmm’uchlwmVSwu
4”. The BW's laid across the tubes directly over the bend radius and came together to
form & “V" design. The bottom of this “V™ was tied directly to the topmost full
eggcrate support. The VS's were not ventilated (i.e. did not have the elliptical flow
holes punched through them). '

The four partial support's consisted of 2 diamond pariemned eggcrates below, and 2
drilled pletes above. The top 2 partial suppons were designed as drilled plates to
provide a large amount of rigidity in the upper bundle (i.e. a very conservative design
which had large margin of allowable stress).

The major change from dnEarlyUnkuotheSericsﬂUniuquwhgofﬂu
tubes in the VS region increased from 1.25" 10 §.75" (which is the spacing still used in
the newer generation of SG's). The spacing increase eliminated the use of the
u:nllopedlhtpefonhelocun;blnonngS's(withnncxcmionofMdemkee
which has the scalloped bar design). The basis for the change was the observation in
lheﬁcld.thuﬂnmllopeﬂshnpelocklngbmmm'mgucmdm.Theﬁu
locking bar had less crevice ares than the half-mocn shoe of the scallop bar. The
significance of this change was the scknowledgment that crevices are undesirable
(from either a corrosion or denting standpoimt).
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3. “3410 Series”

The next group of plants that had a common design were called the “3410 Series” or
the 3410 MWt Units. Included in this category: ANO-2, Jersey Central (cancelled),
SONGS-2&3, Waterford-2, and St. Lucie-2.

The 3410 Series upper bundle design (see Figure XIV -.) consisted of the 3 partia.
eggcrates (PE’s) and a segmented design of the BW's and VS's. This segmented
design meant that the V5's and BW's were not joined together us one piece. The BW's
were still one long piece, but the VS's were now each & single strip of carbon steel,
leaving a gap between the BW and VS when viewed from the side. The width of each
BW and VS wes reduced to 2”. The BW's were moved lower so that they were no
longer laid across bend radius of the tubes. As a result, the bottom of the BW's no
longer could come together to form a “V™ design, since the point of the “V™ would be
t00 low in the bundle. Therefore, the BW's had & horizontal strip at the bottom called
the “dogleg”. The VS's were ventilated (i.e. had the elliptical flow holes punched
through them for flow). The three PE's were all of the diamond pattem eggcrates
design (i.e. no drilled plates). [Note that ANO-2 was & hybrid of the Series 67 and the
3410 Series designs. The unibody design was maintained, but the BW/VS unibody .
wuniaedhighenomoveul\‘lubovﬂhebu\dndiusofﬂnmbu(neﬂgunm
<b.). The width of the BW's and VS's was reduced to 2" but the VS's were not
ventilated. There were 4 PE's of the same design as the Series 67- Also, note the MW
rating: ANO-2 was <3410 MWt and of St. Lucie-2 was ~ 2800 MWit).

The basis for the design change was to minimize crevices/corrosion sites that had
become evident in the Series 67 Units (and was an important issue for the industry in
general at the time, as it is today). Thus:

'S lthnotedthahthebendndiusohmbe,thembcwuovdfmmlhemdepee
bend. This ovality puts the tube closer to the BW, causing & tight crevice. So, the
BW's were moved lower, out of the bend radius, to increase the width of this
crevice. This changed the “V™ design and introduced the dogleg.

b. It was noted that the VS's in a unibody design must lay across s bend radius for
some of the tubes. So, the VS's were disconnected from the BW's, creating the
segmented desigr. As a result, no VS would lay scross a bend radius of any tube.

¢. The width of the VS's was reduced from 4 1o 2", and eliminated $0% of the
crevice length in the VS region.

d. The VS§'s were ventilated to allow some cross flow 10 “wash™ the crevice sites anvi
reduce the area of crevice sites in the VS region,
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e ‘l'lnPE'swennducodhmbufmmlws.ﬂﬁsdkninmduiofd\ecmia
dmhlhePEte;ion.‘nndesimomndrmedplmwuelhninaed\v!ﬁchhmm
eliminated the tight crevice sites in the PE region caused by the tolerances between
the plate and the tubes.

Nm:mchmmwdnmummmadmwmmdemmhduwu
increased availability of tube support vibration data. Dynamic coefficients made it
possible to predict accurate flow forces. Test data was also yielding realistic damping
values for use in tube stability analysis. The availability of high speed computers with
sophisticated structural and thermal hyaraulic flow codes made it easier 10 not over-
design the suppon structure and therefore reduce the number of areas with potential
for flow starvation. However, the long lead time in SG materials and fabrication
affected which Units could benefit from the new design changes.

'nnnamofmasipcmmmmwos«mwummwm:m
more flexibility. Some of the design margin was used, when comparing the 3410
Series to the Series 67 design; however analytically the 3410 Series remained stable
and conservative. Test data supported the analytical conclusions that the margins were
acceptable against instability resulting from flow induced vibration. .

While the tubes of the upper bundle were analytically stable, it became evident at
SONGS ths: the new dogleg support portion of the BW was subject to flow induced
siatic deflection. Investigation at SONGS lead 1o the discovery of high flow velocities
in the central cavity. The central cavity of the CE U-tube SG's is basically empry due
10 the stay cylinder design. During power operation, that region is subject to higher
fiows. The flat strip of the BW dogleg was subjected to high cross flows, which
resulted in the static deformation (i.e. static out-of-plane bending which in some cases
resulted in plastic deformation). As a sail tacks against a high wind, the horizontal
dogleg was statically forced into the adjacent tubes nexi to the central cavity, resulting
hww.msca:ditionnquhdthumw;emonmbesnoundmm“vitybe
plugged on all of the 3410 Series Units (up to 150 tubes in some cases). This became
known in the induwyud\el\\'weuproblanlphenanm. It should be noted that to
date, this is the only inherent design problem associated with the 3410 Series upper

bundle suppor design.
. “System 80"

The next group of plants that have s common design were called the “System 80" or
the 3810 MWt Units. This category consists of Palo Verde 1.2,&3, Yellow
Creek(TVA)-1&2, WPPSS-3&S5. Dute Power. | through 6. Boston Edison Pilgrim-2,
and the Palisades replacement SG'« (See Figure 111 .a). Of these Units, only Palo
Verde (PYNGS) and Palisades is in operation; the athers were cancelled (Note that the
Palisades replacement SG's were just placed in operation 1992).
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The principle reason for the design change from the 3410 Units was corrosion and
manufacturing techniques (See Figure III -f):

a. The number of PE's was reduced from 3 to 2. This eliminated 33% of the corrosion
sites in the PE region.

b. The BW and VS material was changed from carbon steel to 409-series stainless
steel. All of the eggcrate material (full and PE's) was changed from carbon stee! to
409-series stainless steel. This reduced the amount of surface oxidation 8o as to
reduce the width of crevice sites throughout the entire bundle.

€. VS-2,4&6 were shortened and allowed to be “free flosting”. This was changed to
assist manufacturing and also reduced the number of crevice sites in the VS region.

d. The number of I-beam overhead supports was reduce from three to two. This was
an ease in fabrication and was considered 1o have no bearing on normal operating

The result of these design changes was that the System 80 upper bundle wou!d have .
slightly more flexibility when compared to the 3410 Series. The design however, was
considered stable and conservative, from an analytical point of view.

Note 1:(The BW wear problem became known afier the System 80 SG's were
manufactured). It would therefore be assumed that the Batwing wear problem should
have made itself evident during PVNGS power operation as the design of the System
80 BW is the same as the 3410 Series. However, other design changes (not related 1o
the tube bundle suppons) introduced an economizer section in the System 80 SG's.

- This design change introduced s flow distributiop plste in place of the 01 suppon and &

“ lower economizer feedwater nozxle These design modifications changed the flow

mmwmawmn-m«mmmum;mamnw

was no longer subject 10 flow induced wear,

Note 2: However, the economizer design of the System 80 was found to be subject to
flow anomalies, not related to the design of the tube bundle suppor: structure. The
hotter downcomer recirculation flow was designed s0 a2 not to mix with the colder
economizer flow entering the SG through the lower economizer nozzle. To keep the
flow separated, 8 window was introduced in the tube shroud/wrapper plate above the
economizer nozzle. The fiow through this window was normal except near the divider
plate; where the tube lane between the innermost row of tubes and the divider piate
was of lower flow resistance than the rest of the hundle. The lowe: resistance meant
high flow velocity caused flow induced vibration tor those comer tubes that were
closest to the divider plate and the wrapper plate. This resulied in the plugging of some
of those tubes.
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5. “System 80 4"

1'helu¢lmpo!Unmdmp\ed'?yCEmthmforﬁnKmUniudmm
currently under construction (i.e. . angwong). The upper bundle support design from
dnSymlOwudmpdnntohcmmanumw&thyam
80 and the 3410 Units:

[ mbﬂegmionofﬂnBquel‘minmdmthchchmndbochothc
aighd"V"duim.'ﬂ:iswutoelim'umcdnconcunofdnl\vmptoblem
that stanied st SONGS. As stated above, PVNGS does not exhibit this
because of the economizer design. However, to be conservative, the Korean Units
were changed to be sure that the BW wear problem would be eliminated.

b. Mnndnleummdupwudtofmmtln"V".hmcloumghtoduVS'u
to be joined back to & unibody design. This mean: thas the concems stated above
were present again; namely the BW's and VS's would be locsted over the bend
radius of the tubes. To compensate for the BW areas, the BW's were ventilated.
Fo:thenmﬁnderofVS’l.hwudemedMMMdnmhcwchlmnn
the VS's were also ventilated.

¢. When the BW was moved upward to reform the unibody design, & third PE was

d. Note that the design of the downcomer recirculation window was also changed to
eliminate the comer tube wear problem. '

e. The hot leg flow distribution plate was eliminated as it was deemed not to impact
blowdown or flow suability.

This design is more rigid than the PVNGS design. However, the original compromise
between rigidity and corrosion sites should mean that this design would be slightly
more subject to corrosion. Only when the on-line performance data is obtained can &
be determined if this statement has any merit.

B. Description of Tube Examination Techniques

A detailed description and purpose of each rube examination method is described below.

1. Becsipt Inspections

Radioactive tube sections are received by the ahorsony and documented by the
Health Physics technician. Tube sections we measured tor length. checked for
orientation and section markings.
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