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April 14, 1994
LD-94-024

Docket No. 52-002

Attn: Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

,

Subject: System 80+" Information for Issue Closure

Reference: NRC Letter, R. W. Borchardt to C. B. Brinkman (ABB-CE),;

dated March 8, 1994

Dear Sirs:

The attachments to this letter provide revisions to CESSAR-DC and comments
on the System 80+ FSER. Attachment 1 provides additional structural design
' detail and revisions to CESSAR-DC discussed with Mr. T. Cheng and Mr. S.
Ali. Attachemnt 2 provides our comments on the FSER, .per the referenced
letter. Attachment 3 prevides a clean copy of technical revisions to the
Technical Specifications which were agreed:upon at the April 5-6,.1994,
meeting with NRC staff. These should be given to Mr. M. Reinhart. These ,

revisions and the agreed-upon format changes will be formally printed in
Amendment W (May 31, 1994).

If you have any questions, please call me or Mr. Stan Ritterbusch at (203)
285-5206.

Very truly yours,

COMBUSTION ENGINEERING, INC.

% sW .. e

C. B. Brinkm=n !
Acting Director
Nuclear Systems Licensing

.

P

CBB/ser O
cc: J. Trotter (EPRI) 0pT. Wambach (NRC) 6

'P. Lang (DGE) h
ABB Combustion Engineering Nuclear Power
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CESSAR Tecma

10.5.7.2 Design Loads (Reference Section 3.8.4.3)

A 225 ton overhead bridge crane must be provided over the shipping bay.

Refer to Table 3.8A-1 for additional design loads applicable to the CVCS Area.

11.0 SUPPLEMENTAL DESIGN CRITERI A FOR NON-NUCLEAR ISLAND. SEISMIC
CATEGORY I AND II STRUCTURES

11.1 DIESEL FUEL STTORAGE STRUCTURE

11.1.1 BUILDING CLASSIFICATION

Quality Class 1*

Safety Class 3*

Seismic Category I*

11.1.2 DESCRIPTION

There are two Diesel Fuel Storage Structures; one on each side of_the Nuclear Island.
/2 '-6''.)

The main reinforced concrete structure is approximately 25 ft high,63 ft long and 44 ft wide founded,

on E - NDthick reinforced concrete mat located below the grade elevation of 90'-9" The
~'

walls ana the root aht ' * thick. Here is a two foot thick center reinforced concrete wall that I

divides the structure into two separate bays. Each bay encloses a diesel fuel oil tank, a tank vent,
g a sump with a sump pump, and necessary piping. The bays are separated from each other and from

the equipment room b@ hour rated fire barriert(i.e., 2 ft thick walls). A steel platform at j
elevatioM surrounds each of the fuel tanks. The outside doors are protected against tornado r

gg'g" rmssiles by a concrete missile barrier., ,

There is also an attached outside Seismic Category 11 equipment room that is approximately@ft high, y
12 ft long and 28 ft wide founded on a reinforced concrete mat. The equipment room is a steel
framed structure with insulated metal siding and a metal deck roof.

The Diesel Fuel Storage Structure shall be located a minimum of 50 feet from any hydrogen storage
area to preclude loading to the structure from a potential hydrogen burn. |

11.1.3 ELEVATIONS

79'.3 " & |

El. 7W-3" Bottom )f base mat for the main structure |*

Elf 'of base mat for the equipment room structureg/,p # *

El. 4-4' Top of steel platform Y*
,

El. 4G39" Top of roof*

/o3'- 3"
11.1.4 CODES AND STANDARDS j

The codes and standards applicable to Seismic Category I buildings shall be met for the Diesel Fuel
Storage Structure including the equipment room. |

Amendment U

3.8 A-41 December 31,1993
|

|
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11.1.5 LOADS

In addition to the minimum design loads requirements of Section 5.1 of this appendix, the following
additional specific load requirements shall be met. Should conflicting values occur between this
section and Section 5.1 of this appendix, the values specified in this section apply.

11.1.5.1 Dead Load (D)

The foundation slab shall be designed to include the reactions imparted by the steel fuel tank support
frames. The weight of each tank and oil is approximately 402 kips. (The site specific SAR shall
verify the tank volume is adequate for the diesel generators purchased, such that they meet their
design criteria.) The tank support frame is not covered by this criteria and shall be designed in
accordance with the rules of Reference ASME Section 111, Division I, Subsection NF.

11.1.5.2 Live Load (L)

The Diesel Fuel Storage Structure shall be designed for the following floor live load,

llem Live Load
* Basemat Floor 250 psf

Steel Platform 150 psf*

* Roof 100 psf

11.1.5.3 Temperature leads (T )

The normal concrete surface operating temperature within the building ranges from 60'F to 90*F.
The ambient temperature range outside of the building shall be -10*F to 100*F (See Section 5.1.1.5
of this appendix). Site specific provisions may be taken to minimize the effects of the structural
temperature gradient produced by these conditions.

11.1.5.4 Seismic leads (E')

The seismic accelerations shall be as specified in Table 3.8A-2.

11.1.5.5 Oil Leakage
,

All building walls shall be designed to contain the contents of the 45,000 gallon oil tanks in the event
one tank fails.

11.1.5.6 Other Loads

All abnormal loads (i.e., P,, T., R., Y , Y, and Y,) are zero.
3

11.1.6 LOADING COMBINATIONS AND ACCEPTANCE CRITERIA |

|

11.1.6.1 Concrete

The requirements of Section 5.2.2 of this appendix shall be met. )

Amendment U

3.8 A-42 December 31,1993
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11.1.6.2 Stability

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

11.1.7 OTIIER REQUIREMENTS

The building is to be founded on competent structural backfill as defined in Section 10.1 of this
appendix. The bearing pressure shall not exceed the allowable value given in Table 2.0-1.

11.2 . COMPONENT COOLING WATER IIEAT EXCIIANGER STRUCTURE

11.2.1 BUILDING CLASSIFICATION

Quality Class 1*

Safety Class 3*

Seismic Category 1*

11.2.2 DESCRIPTION

There are two Component Cooling Water (CCW) Heat Exchanger Structures, each structure houses
two heat exchangers. The CCW system is a redundant system with only two heat exchangers
required for plant operation. The Orst floor houses the heat _ exchanger, while the basemat levels
contains piping and equipment. g g gg
Each structure is a two story reinforced oncrete structure approximately 34 ft high, from the top of
th . at, !!0 ft long, and 44 ftiwide founded,on a four foot thick reinforced concrete mat located

below grade. The walls and the roofife two foot thick. The first floor of the structure is Y/7 4,5 j

three floor thick and is supported by three rows columns approximately twenty two feet on center
with the two outer rows located directly under the two heat exchangers. The center row of these
columns is continued through the first floor to provide additional support for the roof.

The roof supports two fan rooms on one end of the building and two air inlet rooms on the opposite
end of the building. Both of these rooms extend the width of the building and are approximately 23 )
feet wide with a partially open face covered with a bird screen. A concrete overhang is provided and
serves as a missile barrier for the open face.

The outside doors are protected aganst tornado missiles by concrete missile barriers.

CCW heat exchanger maintenance sumps are locateJ in the basemat at one end of the structure. The
sump has a capacity equal to the fluid contents of the shell inside of one heat exchanger. There are )
floor drain sumps located at the opposite end of the structure. '

The CCW Heat Exchanger Structures shall be located a minimum of 50 feet away from any hydrogen
storage area to preclude loading to the structure from a potential hydrogen burn.

An underground tunnel is connected to each CCW Heat Exchanger Structure from the Nuclear Annex
for the CCW piping. The top of the tunnels basemat is at the same elevation as the top of the CCW
!! eat ExcMger Structure basemat.

Amendment T

3.8 A-43 November 15, 1993
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11.2.3- ELEVATIONS
/2/Q" |g El. W4M* Top of roof of fan / air filter room

|
*

* El. ' ' Top of Roof
/ .

* El Top of the first floor 4cedet (/A gg f. g ) -)gf t.pd.
,

* El W Bottom of basemat
W-$"

11J.4 CODES AND STANDARDS

The codes and standards applicable to Seismic Category I buildings shall be met.

11.2.5 LOADS

In addition to the minimum design loads requirements of Section 5.1 of this appendix, the following
additional specific load requirements shall be met. Should conflicting values occur between this
section and Section 5.1 of this appendix, the values specified in this section apply.

11.2.5.1 Dead Load (D)
;

The weight of each heat exchanger when full of water is approximately 250 Kips excluding the heat
exchanger saddle and leg supports. The heat exchanger support is not covered by this criteria and
shall be designed in accordance with the rules of ASME Boiler and Pressure Vessel Code, Section
Ill, Division I, Subsection NF.

11.2.5.2 Live Load (L)

The CCW Heat Exchanger Structure shall be designed for the following live loads.

him Live Load
Fan and Air Inlet Room 150 psfa

Roof 100 psfa

First floor 150 psfa

* Basemat 250 psf

11.2.5.3 Temperature Loads (T,)

The normal concrete surface operating temperature within the building ranges from 60'F to 90'F.
The ambient temperature range outside of the building shall be assumed to range from -10*F to
100*F (See Section 5.1.1.5 of this appendix). Site specific provisions may be taken to minimize th:
effects of the structural temperature gradient produced by these conditions.

11.2.5.4 Seismic Loads (E')
!

,
The seismic accelerations shall be as specified in the Table 3.8A-3.

'

I

|

i

Amendment U jy

!. 3.8A 44 December 31,1993
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The maximum differential settlements that can be tolerated by the basemat are calculated based on
the moment capacity. Any settlements less than those shown are acceptable from the standpoint of
stress in the basemat. A settlement monitoring program ensures that proper consideration is given
to actual settlements during and after construction.

6.0 TYPICAL ACI 318 CIIAPTER 21 DUCTILITY CONNECTION DETAILS

The System 80+ design incorporates ACI-318 Chapter 21 ductility requirements as identified in
Appendix 3.8A, Section 6.2.1.1.

Figure 3.8B-2 is provided as a supplement to illustrate the ductility steel requirements in
Appendix 3.8A. Typical details are shown with a description and a reference to the ACI-318 Code
section associated with the detail. The actual spacing, dimensions, reinforcing bar sizes, bend angles,
etc., are obtained from the ACI 318 Code sections. The details provided are for illustration purposes
only.

7.0 NON-NUCLEAR ISLAND STRUCTURES

7.1 DIESEL FUEL STORAGE STRUCTURE

7.1.1 DESCRIPTION OF STRUCTURE

The Diesel Fuel Storage Structure is a two bay, partially embedded, single-story reinforced concrete
building; symmetrical about its north-south axis. Each bay houses a single diesel fuel oil tank.

The specified concrete compression strength is 4,000 psi and the specified minimum yield strength
of the reinforcing steel is 60,000 psi.

7.1.2 ANALYSIS METIIODS

The Diesel Fuel Storage Structure is analyzed for the design loads described in Appendix 3.8A to
determine the global and localized member forces for which the structure must be designed.

The structure is analyzed using a linear elastic three-dimensional finite element flat plate type model
supported on elastic soil springs. Thermal and equivalent static loads corresponding to the various
individual loading conditions identified in Sections 3.8A.S.1 and 3.8A.ll.l.5 are applied to the
structure model and the resulting member forces and moments computed. The resulting member
forces are combined in accordance with the load combinations, specified in Section 5.2.2 of
Appendix 3.8A, to determine the design loads for the critical sections.

7.1.3 L' '.DS AND LOAD COMBINATIONS

The Diesel Fuel Storage Structure is evaluated for the loads and load combinations specified in
Sections 3.8A.5.1 and 3.8A.S.2, respectively, for Seismic Category I concrete structures.

1

I

3.8B-33 Amendment U - 12/31/93
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The major loadings affecting the design of the stmeture are dead loads (i.e., self weight and |

equipment weight from the diesel fuel storage tanks), temperature, static and dynamic lateral soil and
ground water pressures, wind loads, earthquake loads, and tornado loads. ,

1

The critical load combinations are equations 5.2.2.l(a), 5.2.2.l(d), and 5.2.2.2(a) of
Section 3.8A.5.2, i.e.,

U = 1.4D + 1.7L

U = 0.75 (1.4D + 1,7F + 1.7L + 1.7H + 1.7T + 1.7Ro)o

U = D + F + L + H + T + Ro + E'o

7.1.4 ANALYSES AND RESULTS

The reinforced concrete members of Seismic Category I structures are designed to the criteria
specified in ACI 349 and NRC Regulatory Guide 1.142, except as modified by Appendix 3.8A (see
3.8 A.6.2) . In general, symmetrical reinforcing steel (i.e., the same area and configuration on
opposite faces of members), is provided except in local areas. Concrete joints shall be detailed in
accordance with P criteria specified in ACI 318, Chapter 21 (see Section 3.8A.6.2.1.1.1 and
Section 6.0 of .his appendix).

# #
Foundation Mat: _ f -5

The primary flexural reinforcing for the - , thick foundation mat consists of a rectangular grid
Y

of #11 at nches each way/each face, [i.e., irf/ft].

No transverse shear reinforcing is required.

#
East and West Walls: 2 '-3

The primary flexural reinforcing for these e . thick walls consists of a rectangular grid of #11 '/'

at 8 inches each way/each face, li.e.,2.34 iri/ft].

No transverse shear reinforcing is required.

North and South Walls: A

The primary flexural reinforcing for these - thick walls consists of a rectangular grid of #11 Y.

'

at 6 inches each way/each face, [i.e., 3.12 irf/ft].

Transverse shear reinforcing consisting of #6 at 12 inches is required in both directions for the entire

wall rea. Q g gjg,,,3f,gj gg.beno|.f 9 ff t/own. ksy 7tke |sp of y
t h roo f.

;

3.8B-34 Amendment U - 12/31/93



. . - . .

CESSARHEbmu
.

4

Center Wall:

The primary flexural reinforcing for this two-foot thick wall consists of a rectangular grid of #11 at

6 inches eachyayleach iacej, i.e.,3.12 in' lit}. Csyres sjo>t, dies y g r4guj,aol f*or y

f})e 7o} hs./f of 7ae tJall. T Y

No transvene shear reinforcing is required.

2Wy

The primary flexural reinforcing for these 6wa.4aaDthick walls consists of a rectangular grid of #11 Ig
2at 6 inches each way/each face [i.e., 3.12 in /ft).

No transverse shear reinforcing is required.

7.1.5 CONCLUSION

The concrete and reinforcing steel section strengths of the Diesel Fuel Storage Structure are sufficient
to resist the design basis load and load combination criteria specified in Sections 3.8A.ll.1 and

')g"~ j)ct/ rein fore;pA gg.,-fg)),, ye .egjouw in, fgag j, gg.4'* j3.8A.5 .
o fB-fo .Jilh

7.2 COMPONENT COOLING WATER HEAT EXCHANGER STRUCTURE

7.2.1 DESCRIPTION OF STRUCTURE

The Component Cooling Water Heat Exchanger Structure is a single bay, partially embedded,
two-story reinforced concrete building. The top floor houses two heat exchangers supported on
saddles which spread the loadings to the supporting floor and column system.

The specified concrete compression strength is 4,000 psi and the specified minimum yield strength
of the reinforcing steel is 60,000 psi.

7.2.2 ANALYSIS METHODS

The Component Cooling Water Heat Exchanger Structure is analyzed for the design loads described
in Appendix 3.8A to determine the global and localized member forces for which the structure must
be designed. <

The structure is analyzed using manual computations which consider the structure to be comprised
of linear elastic one-way wall and slab panels. Thermal and eq'uivalent static loads corresponding to
the various individualloading conditions identified in Sections 3.8A.S.1 and 3.8A.11.2.5 are applied
to the one-way panel models and resulting member forces and moments computed.' The resulting
member forces are combined in accordance with the load combinations, specified in Section 5.2.2
of Appendix 3.8A, to determine the design loads for the critical sections. '

3.8B-35 Amendtr.ent U - 12/31/93
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7.2.3 LOADS AND LOAD COMBINATIONS

The Component Cooling Water Heat Exchanger Structure is evaluated for the loads and load
combinations specified in Sections 3.8A.5.1 and 3.8A.5.2, respectively, for Seismic Category I
concrete structures.

The major loadings affecting the design of the structure are dead loads (i.e., self weight and
equipment weight from the CCW heat exchangers), temperature, static and dynamic lateral soil and
ground water pressures, wind loads, earthquake loads, and tornado loads.

The critical load combinations are equations 5.2.2.l(a), 5.2.2.l(d), and 5.2.2.2(a) of
Section 3.8A.S.2, i.e.,

U = 1.4D + 1.7L

U = 0.75 (1.4D + 1.7F + 1.7L + 1.7H + 1.7T + 1.7R )o o

U = D + F + L + H + T + R + E'o o

7.2.4 ANALYSES AND RESULTS

The reinforced concrete members of Seismic Category I structures are designed to the criteria
specified in ACI 349 and NRC Regulatory Guide 1.142, except as modified by Appendix 3.8A (see
3.8 A.6.2). In general, symmetrical reinforcing steel 0.e., the same area and configuration on
opposite faces of members), is provided except in local areas. Concrete joints shall be detailed in
accordance with the criteria specified in ACI 318, Chapter 21 (see Section 3.8A.6.2.1.1.1 and
Section 6.0 of this appendix).

Foundation Mat:

The primary reinforcing for the four-foot thick foundation mat consists of a rectangular grid of #9
at 10 inches d ytach face, [i.e.,1.20 irf/ft in fle /pg a/ rec //en. 2),4 #// 4.//

4 inede.s och hce, G.c., 3./2 in //t] in Me .sfs,.f direcfjog , V2

No transverse shear reinforcing is required. i

East and West Wallsx f$borf .DieseNon) : bY
The primary reinforcing for these cc. f- thick walls consists of a rectangular grid of #11 at

6 inches MWach face, [i.e.,3.12 irf/ft]g vert /u//y and *// af /g inef es y
neh hee, [s:e., /. 87 in */ft] As,y,,,f.a//y, j

No transverse shear reinforcir.; is required

North and South WallsL[leM9 Olfd 8Y/#N +*
>-

:

The primary reinforcing for these m ek walls consists of a rectangular grid of #11 at
6 inches vertically each face and #11 at 10 inches horizontally, {t.e., 3.12 itf/ft and 1.87 in /ft,2

respectively).

3.8B-36 Amendment U - 12/31/93
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No transverse shear reinforcing is required.

b.3 dFloor Slab at Elevation 90'-9"-

The prunary reinforcing for theQfloor slab consists of a rectangular grid of #10 at 10 inches
.eenk-unn%:ach face, (i.e. 1.52 in*lft}g jn f4e /sgy dirge}|m 2n,) **''// g} fp ip}g.s (each fue, Eu. / trin%1 is ti,< d>>ct dirafian .
No transverse shear re, forcing is required.

_
m

"

Roof Stab at Elevation 110'-9': -

thick roof consists of a rectangular grid of #11 at y~

The prunary reinforcing for thqM
__ 2 l10 inches each way/cach face, (i.e.,1.87 in /ft).

No transverse shear reinforcing is required.

7.2.5 CONCLUSION

The concrete and reinforcing steel section strengths of the Component Cooling Water Heat Exchanger
Structure are sufficient to resist the design basis load and load combination enteria specified in

dds//r zee ,s/ ,pn /mSections 3.8A.11.2 and 3.8A.5.0. Wp/t.4/ et/nOrc/H y
Qare.s .3.8B- 7 tdr J. B.B ~ 9 .

7.3 COMPONENT COOLING WATER TUNNEL

7.3.1 DESCRIPTION OF STRUCTURE

The Component Cooling Water Tunnel is a single compartment, fully embedded, one-story reinforced
concrete structure. The tunnel houses and protects the Component Cooling Water piping which is
routed from the corresponding Nuclear Island pipe chase to the basement of the Component Cooling
Water Heat Exchanger Strucmre. The tunnel is anached at one end to the Nuclear Island Pipe Chase
and the Component Cooling Water Heat Exchanger Strucmre at the oder end via flexible
connections. The flexible connections allow differennal movement between the three suuetures
wnhout transferrmg intriingt.

The specified concrete compression strength is 4,000 psi and the specified mini mm yield strength
of the reinforcing steel is 60,000 psi.

7.3.2 ANALYSIS METHODS

The Component Cooling Water Tunnel is analyzed for the design loads described in Appendix 3.8A
to determine the global and locahzed member forces for which the suuemre must be designed.

The structure is analyzed using tmmul computations which consider the structure to be comprised
of linear elastic one-way wall and slab panels. The lateral loads on the mnnel were evaluated using
a linear elastic frame model with a unit width. Thermal and equivalent static loads corresponding
to the vanous individualloadmg conditions idennfied in Sections 3.8A.5.1 and 3.8A.1 5 are applied /
to the equivalent frame model and resulting member forces and moments computed. The resulting

.7

3.8B-37 Ar--Mm= U - 12/31/93
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member forces are combined in accordance with the load combinations, specified in Section 5.2.2
of Appendix 3.8A, to determine the design loads for the critical sections.

7.3.3 LOADS AND LOAD COMBINATIONS
,

The Component Cooling Water Tunnel is evaluated for the loads and load combinations specified in
Sections 3.8A.5.1 and 3.8A.S.2, respectively, for Seismic Category I concrete structures.

The major loadings affecting the design of the structure are dead loads (i.e., self weight and
equipment weight from the piping systems), AASHO H20-44 truck overburden pressure, temperature,
static and dynamic lateral soil and ground water pressures, tornado loads, and earthquake loads
(including seismic inertia and wave passage). Seismically induced forces due to differential
movements are eliminated by providing flexible connections, at each end of the tunnel, which are
capable of accommodating the movements without transferring loads.

The critical load combinations are equations 5.2.2.l(a), 5.2.2.1(d), and 5.2.2.2(a) of Section
3.8 A.5.2, i.e. ,

U = 1.4D + 1.7L

U = 0.75 (1.4D + 1.7F + 1.7L + 1.7H + 1.7T + 1.7R )o o

U = D + F + L + H + T, + N + E'

7.3,4 ANALYSES AND RESULTS

The reinforced concrete members of Seismic Category I structures are designed to the criteria
specified in ACI 349 and NRC Regulatory Guide 1.142, except as modified by Appendix 3.8A (see
3.8 A.6.2). In general, symmetrical reinforcing steel (i.e., the same area and configuration on
opposite faces of members), is provided except in local areas. Concrete joints shall be detailed in
accordance with :M criteria specified in ACI 318, Chapter 21 (see Section 3.8A.6.2.1.1.1 and
Section 6.0 of this appandix).

Foundation Mat:

The rimary reinforcing for the three. foot thick foundation mat consists of a rectangular grid of #
2

at inches each way/each face, [i.e,1-81 in /ft].
/A /, A0 4

No transverse shear reinforcing is required.

Am :"im Walls:

The primary reinforcing for these two-foot thick walls consists of a rectangular grid of # at

/2

)a6 inches each way/each face, (i.e..147 in ffi),
l /,so

No transverse shear reinforcing is required.

|
|

3.8B-3g Amendment U - 12/31/93
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N

n.., ,.. - j - : r - ' ; fr: ^ :; n ;. fx. 2?i . :; xx.:e :f ; ;;.. ..;; ;;; d :f "': :.. :^r
: ^- - ' ry!-- ' '- :, ;;.;. , : .S7 .c. '/f ).

JS 21 .;;;in;..L.fm a m. ,u is
l

Basf: .

' The primary reinforcing for these two-foot thick roof slabs consist of a rectangular grid of #11 at
10 inches each way/each face, [i.e.,1.87 irf/ft).

No transverse shear reinforcing is required.

7.3.5 CONCLUSION

The concrete and reinforcing steel section strengths of the Component Cooling Water Tunnel are
sufficient to resist the design basis load and load combination criteria specified in Sections 3.8A.11.7
and 3.8A.S.O. /c2/ m d y a' d%'h g fg* *

,g

Kjar<.s J.8 8- /o bd 4.98-|l,
'

.

i
1

~

3.8B-39 Amendment U - 12/31/93
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. 1 INTRODUCTION AND GENERAL DISCUSSION |
. \

.

1.1 Introduction -

|
;

On March 30, 1989, Combustion Engineering, Inc. tendered its application for
certification of the System 80+ standard design with the U.S. Nuclear Regula-

j

tory Comission (hereinafter referred to as the NRC, the Comission, or the i

staff). The submittal was made in accordance with Appendix 0, " Standard-
ization of Design: Staff Review of Standard Designs," to Part 50 of Title 10

of the Code of Federal Reaulations (10 CFR Part 50). Combustion Engineering,

Inc., subsequently stated in a letter dated August 21, 1989, that its applica-
tion may be considered as an application for design approval and subsequent
design certification pursuant to 10 CFR 52.45. The application was. docketed
on May 1, 1991, and assigned Docket No. 52-002. Correspondence relating to 9
the application prior to this date were also addressed to Docket No. 50 0

and Project No. 675. This correspondence is listed in Appendix B to this
report. In a letter dated May 26, 1992, Combustion Engineering, Inc. notified
the NRC that they are a wholly owned subsidiary of Asea Brown Boveri, Inc.,
and the appropriate acronym for their company is'ABB-CE. Therefore, the staff !

refers to Combustion Engineering, Inc. as ABB-CE throughout this report.

1

The NRC's licensing project managers assigned to the System C0+ standard 1

design review are Mr. Thomas Wambach, Mr._ Michael Franovich, and
Mr. Stewart Hagruder. They may be reached by calling (301) 492-7000 or by
writing to the Office of Nuclear Reactor Regulation, Mail stop 11-H-3,
U.S. Nuclear Regulatory Comission, Washington, D.C. 20555.

ABB-CE's application, the Combustion Engineering Standard Safety Analysis
Report Design Certification (CESSAR-DC), describing the design of the facil-
ity, was originally submitted on March 30, 1989. Subsequently, ABB-CE

supplemented the information in CESSAR-DC through an amendment process. The
most recent amendment, Amendment U, was submitted to the Comission on

February 8, 1994. ABB-CE also submitted the System 80+ certified design,

ABB-CE System 80+ FSER 1-1 February 1994 |
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The staff is also performing a review of CESSAR-DC, final technical specifica-
tions (TS), CDM and this report to ensure that this information is internally
consistent. Any inconsistencies or discrepancies will be resolved before
issuance of the FSER. This is FSER Confirmatory Item 1.1-2.

.

Several references to ABB-CE reports are made in this report. Some of these !

reports contain information that has been authorized by the Comission to be
exempt from public disclosure, as provided by 10 CFR 2.790. For each such

report containing proprietary information, a nonpropriet wy version, similar
in content except for the omission of the proprietary information, is provided
to the NRC by ABB-CE and is also available at the NRC Public Document Room.
Several references to ABB-CE reports throughout this advance FSER are made to

the proprietary version only. The staff based its findings on the proprietary
versions of these documents.

b1 b* Y8d '*# "- M s h f d ( f-
In its a pplication, ABB-CE e-iLLW Le m' eith the criteria included in-

,

the Eleckric Power Research Institute's (EPRI) Advanced Light Water Reactor
i

Programpfor the design of System 80+.
The Comission had requested that the

staff evaluate any differences that the vendor design's have with the EPRI
Utility Requirements Document (URD) in a staff requirements memorandum (SRM)
dated December 15, 1989. On December 21, 1990, ABB-CE sent the staff a

sumary 'of the differences between its design and the EPRI URD. In the DSER,

the staff identified an open item (DSER Open Item 1.1-1) for ABB-CE to address.

any System 80+ deviations from the EPRI URD. Subsequently, ABB-CE indicated
that they were a principal participant in the development of the EPRI spon-
sored URD and continue to be involved with EPRI on changes to that document.

Therefore, the design in CESSAR-DC remains consistent with the EPRI URD. The
Comission designated this response to be acceptable in COMSECY-93-040, dated

August 10, 1993. In a letter of January 7,1994, ABB-CE stated that the
System 80+ design was consistent with the EPRI URD. T,he staff finds.this
acceptable. On this basis, DSER Open Item 1.1-1 is resolved. |

Plant-specific applicants who reference the System 80+ standard design in the |
|future will retain architect-engineers, constructors, and consultants, as

needed. As part of its review of an application for a combined license (COL),
the staff will evaluate, for each plant-specific application that references '|

ABB-CE System 80+ FSER 1-3 ' February 1994
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Steam Generator Desian

1. An increased tube plugging margin

. 2. An increased boil dry time by increasing the secondary inventory

3. Corrosion resistant tubes
4. Higher steam quality

-

5. Increased manway size

Enaineered Safety Systems Improvements

1. Increased SIS redundancy - four trains separated into quadrants

2. Increased ESF capacity relative to power

3. An in-containment refueling water storage tank, which eliminates automatic-
suction realignment anf et/loun b hbr- hocdrycccui

4. Safety depressurization system )
'

5. Eliminated automatic injection by the residual heat removal (RHR) pumps

6. Eliminated chemical volume and control system (CVCS) safety functions

7. Higher pressure rating of RHR )
8. Separate emergency and startup feedwater

9. Eliminate automatic isolation of EFWS 1

l
Containment Imnrovements

,

1. Larger margin to ultimate strength
2. Larger operating floor space
3. Larger free volume

f a a. b le $ Nu;f),.Dual containment (presswee Nn l4.

5. Equipment hatch sized for SGgeplacement
(c,- decak- 6a Ji desryrted far Sedtre Weic$e&jf, ,. ,

Instrumentation and Control System Imorovements
,

.

1. Advanced control, alarm, and display systems

2. New control room design

3. Added APS

ABB-CE System 80+ FSER 1-9 February 1994.
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1. An increased tube plugging margin
2. An increased boil dry time by increasing the secondary inventory
3. Corrosion resistant tubes
4. Higher steam quality

; 5. Increased manway size

Engineered safety Systems Imorovements

1. Increased SIS redundancy - four trains separated into quadrants
2. Increased ESF capacity relative to power
3. An in-containment refueling water storage tank, which eliminates automatic -

suction realignment
4. Safety depressurization system
S. Eliminated automatic injection by the residual heat removal (RHR) pumps
6. Eliminated chemical volume and control system (CVCS) safety functions
7. Higher pressure rating of RHR
8. Separate emergency and startup feedwater
9. Eliminate automatic isolation of EFWS

Containment Imorovements-

1. Larger margin to ultimate strength
2. Larger operating floor space
3. Larger free volume
4. Dual containment
5. Equipment hatch sized for SG replacement

Jnstrumentation and Control S_ystem imnrovements
,

.

1. Advanced control, alunn, and display systems
2. h ontrol room design base d on m.J<en 4 6.'6r

fnot 44 c cIlecl s y i r2-r .3. Added APS '7 A P.5 .s.
c Y 5 N'%f y,}cm go h~d Vkc S * *" -c

*

ysa J , (f.-< e .f n a m e . De ' '14
da e .s .I e ffer .

.

ABB-CE System 80+ FSER 1-9 February 1994

I



-
.

by Section 52.47(a)(1)(iii) is provided in Chapter 2, and they are also
discussed in Section 14.3. The staff's evaluation of the design-specific
probabilistic risk assessment (Section 52.47(a)(1)(v)) is provided in Chap-

.
ter 19. The evaluation of the inspections, tests, analyses, and acceptance
criteria (ITAAC) required by Section 52.4T(a)(1)(vi) is described in Sec-
tion 14.3 of this report.

-

Interface requirements and representative conceptual designs (52.47(a)(1)(vii)
through (ix)) are evaluated throughout Chapters 8 and 9 of this report, and
are also discussed in Section 14.3. Th_e staff also implemented the
Commission's Severe Accident Policy Statement, dated August 8,1985, and the
Commission's SRM on SECY-93-087, dated July 21, 1993, in its resolution of

severe accident issues. The staff's evaluation of severe accident issues is
provided in Section 19.2 of this report.

Section 52.47(a)(2) describes the level of design information needed to
certify a standard design. The acceptable level of design detail necessary
for the staff to make its safety findings was one of the most challenging
aspects of the staff's review. The SRM for SECY-90-377, " Requirements for
Design Certification Under 10 CFR Part 52," set forth the Commission's
position on what level of design information was required for a certification
application, and the staff has followed that guidance in preparing this
document. ha suf# deteornied that Auu-ut. did nuWrev4de-afficie9 datail

s of theys pc styessTnaly-ollow opn -GESSAR=Dpf
g sis, radi t" ion shielding 4nd airborne conceptfations, instrumc6tati

;contr I&C), and 4 Introl room design nstead,thejt'affbased s safe
det[rminations for these areas of thn deMgn-on-the-tisu uf de:>ign &cceptange

critet4: (OAC)r -The OAC ne-part-ci i.he Lun propa: ud Tui the System-BO W
-design. The staff's evaluation of the proposed CDM, including the DAC, is
provided in Section 14.3 of this report.

.

.

As part of its technical review, the staff made numerous RAI to provide
sufficient bases for its safety findings, thereby meeting the requirement in
Section 52.47(a)(3) to advise ABB-CE on the staff's requirements for addi-
tional technical information. An index of ABB-CE's responses to these RAls is
provided in Appendix B of this report. The staff's evaluation of the scope of

ABS-CE System 80+ FSER 1-11 February 1994
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To allow for technology improvemenbts and as-procured equipment
characteristics, ABB-CE has proposed methods of analysis and

corresponding acceptance criteria rather than design details. ABB .-

CE has proposed such methods and criteria for two design areas
which span many systems and, therefore, has documented them in

- CESSAR-DC and in their Certified Design Material document as
" process" ITAAC. The NRC staff prefers the terminology " Design
Acceptance Criteria (DAC).
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the design to be certified (Section 52.47(b)(1)) is provided in Section 1.2 of
this report. The requirements set forth in Sections S?.47(b)(2) and (3) do
not apply to the System 80+ standard design, because the System 80+ is an
evolutionary reactor design A alsa h nataMular-des 49n,.[gl cch cloea gi

' u cL b n .s m s- s o + r.c cleceqxwa--g O e. hchw
|<. H O wovU k glue.Y m& kh, n'h-aeu siIff used the\ no Afelt, safety stas set forth in Section 52. 'for its0 '

.s
The st
technical review of the System 80+ standard design. In addition to these
safety standards, the staff also followed Comission guidance provided in the
SRMs for all applicable Comission papers, including those identified in
Table 1.5. As a result of this guidance, the staff proposed design-specific
regulations and justified exemptions from existing regulations in order to
complete the framework of safety standards. An index to these safety stan-
dards is provided in Section 1.8 of this report.

Subsequent to the completion of the staff's review of the CESSAR-DC and CDM,
ABB-CE will prepare a design control document (DCD). The DCD will consist of
the CDM and Tier 2 information as described in Section 14.3 of this report.
Applications that reference the certified System 80+ design will be required j

to conform with the DCD. The DCD will be available for public inspection at
the NRC's Public Document Room when the proposed rule for design certification

is published in the Federal Reaister, j

|
'

1.6 Summary of Onen Items
I
|

The staff has identified no open items in its review of the System 80+ design
in this report. In the DSER, the staff identified a number of unresolved or

1open issues as a result of its review up to the DSER cutoff date of May 8,
1992. All of the DSER open items, and all of the unresolved items identified
in the staff's review subsequent to May 8,1992, up to and including |

Amendment U, have been resolved as described throughoyt this report..
.

I1.7 Sumary of Confirmatory items

.

In the DSER, the staff identified a number of confinnatory items as a result |

of its review up to the DSER cutoff date of May 8,1992. All of the DSER
confirmatory items were resolved as described throughout this report.

ABB-CE System 80+ FSER 1-12 February 1994
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,! 17.3 Applicable regulatun for reliability assurance program.
i
!

19.1.2.2 Applicable regulation for core debris cooling.
~

N]SectIon Description of Acolicable Reaulation
.

19.1.3.2.1 Applicable regulation for containment performance.

19.1.4.1 Applicable regulation for seismic margins.

19.2 Applicable regulation for high-pressure core melt ejection.

19.2 Applicable regulation for equipment survivability.

19.3 Applicable regulation for shutdown risk.

1.9 Interface Recuirements

Section 52.47(1)(1)(vii) requires interface requirements that must be met by l

the site-specific elements of the non-certified portion of the plant design,
such as the ultimate heat sink. The scope of the System 80+ design is

discussed in CESSAR-DC Section 1.2 and is illustrated in CESSAR-DC

Table 1.2-1. A discussion of the certified and non-certified portions of the
System 80+ design is provided in Section 1.2 of this report. CESSAR-DC |

Table 1.9 provides an index of the interface requirements for the System 80+
design. .

1.10 combined license Action items

COL applicants and licensees who reference the certifi.ed System 80+ standard
design in the future will be required to satisfy the requirements and commit- ;

'

ments in tne DCD. Also, certain requirements and commitments are identified
in the CESSAR-DC as " COL License Information," and in this report as " COL
Action Items." These COL action items relate to programs, procedures, and

ABB-CE System 80+ FSER 1-16 February 1994
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issues that are outside of the scope of the certified design review. An
applicant for a COL will be required to address each of these items in its
application.

.

ABB-CE included the list of COL action items in Chapter 1 of the CESSAR-DC and

provided an explanation of the items in the applicable sections of the -

CESSAR-DC. In the DSER, the staff had identified a number of COL action items
from its review. ABB-CE incorporated the COL action items that had been
identified by the staff in the DSER and referred to these items in
Table 1.10-1 of the CESSAR-DC as " COL license information." The following
issues have been identified by the staff as COL action items that should be
added to CESSAR-DC Table 1.10-1, and updated in the appropriate sections of
CESSAR-DC. This is FSER Confirmatory Item 1.10-1.

b\%
Item Number Description ,

2.3.1-1 Regional climatology. 5, i

2.3.3-1 Onsite metrological measurements' progrdm.

(b
6.2.4-1 Containment isolation valve location and pipe size defined

in accordance with General Design Criteria 64.

9.2.5-1 Protected area perimeter should not abut or cross ultimate
heat sink body of water.

9.5.1.2.1.2-1 Procedures and training for using transfer. scritches.

11.2.1-1 Provide setpoints for radiation monitors in plant-specific
offsite dose calculation manual.

,

11.5.1-1 Provide operation and maintenance manual for monitoring and
sampli.ng liquid and gaseous process and effluent streams.

i
'

[13.2-1 THI I.A.4.2, "Long-Term Training Simulator Upgrade."
l
I

ABB-CE System 80+ FSER, 1-17 February 1994
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N MSL leakage etion along with the itsent in the TSs is. accept-

|U able. . The leakage rate of 38 L/mi ( gps) is based on ABB-CE's-
calculation of the maximum leak er e from a crack opening under NOP |,

loadings. A88-CE calculated t s inum leakage rate to be approxi-

mately(00-800L/ min-(175-200 There is sufficient margin by.

comparing the calculated 9 0-800 L/m'in (175-200 M with the'TS limit i

of'40 L/ min (10 gps). Therefore the staff concludes that the MSL- !

leakage' detection for application of.LB8 to the MSLs in the System'80+--
,

design is acceptable.

(5) The acceptance criteria in the PEDS were developed in part by applyir.g a
margin of 12 on loads utilized in the leakage-size flaw stability-*

analyses. This margin of (2 on loads is consistent with NUREG-1061, .

Volume 3 criteria for the method of combining the load components and
hence acceptable.

,

(6) Similar to (5), the acceptance criteria in the PEDS were also developed
on the basis of stability analyses of flaws 2 times the leakage-size q

U flaws- for the loads considered. This margin of 2 on leakage-size flaw is- |
consistent with NUREG-1061, Volume 3 criteria and hance acceptable. i

,

Relative to 'the development of the PEDS in.(i) and. (6) preceding, the :
. '

staff would note that the boundaries of the regions of allowable
loading in these diagrams were developed on the assumption that the.

,

ABB-CE verified that this assumption was essentially valid and also
~|boundaries were piecewise linear. Additional calculations performed by

'

'

conservative. - Moreover, torsional moments were not considered in the .
'Iflaw stability evaluations since their. effects were small. relative to

those due to bending moments. Furthenmore,-two evaluation diagrams are
needed for the SL since thennal stratification effects;are recognized
as significant for the SL. Similar effects in 'the DVI line were small',

relative to the other loads and were neglected.

.

S

ABB-CE System 80+ FSER 3-76 February 1994
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operating limits. This system, which consists of software executed on the
plant computer, utilizes the output of the incore detector system to synthe-
size the core average axial power distribution. Rod positions taken from the
control rod position indication systen, together with precalculated radial
peaking factors, are used to const' uct axially dependent, radial power
distributions. By using this information, together with measured primary-
coolant flow, pressure, and temperature, the COLSS establishes the margin to
the operating limits on maximum linear heat generation rate and minimum DNBR.
The system also monitors azimuthal flux tilt and total power level and gene-
rates an alarm if any of these limits are exceeded. The margins to all of
these limits except azimuthal tilt are continuously displayed to the opera- ;

tors; the tilt can be displayed at the request of the operator. The operator
monitors these margins and takes corrective action if the limits are a

approached. These actions include improving the power distribution by moving
full-strength or part-strength rods, reducing power, or changing thermal- j
hydraulic conditions, that is, coolant inlet temperature and primary system 4

'
,,

" ?d r C (v'). P - Q h v ol P 4 M* N' '
'O'| U *f ~

v

A description of the COLSS algorithms and an uncertainty analysis of the
calculations performed by the COLSS is presented in CE Topical Report.

7 CE"PO-1CO P, "COLCC M:::::r.t ;f the ^.ccur :3 ;f P. esaurized wet-er-Saactor
{PW) ^ par ti .; Li=it; es Dete. ineu py ihe Co. e Operitiig Limi. Sup frv1 Tory
Sy:t a;." The staff reviewed this report and found the methods emcloyed in
COLSS to determine power distributions are acceptable. The COLSS is currently
used at ANO (Unit 2), San Onofre (Units 2 and 3), Waterford (Unit 3), and
Palo Verde (Units 1, 2, and 3).

Reactivity Coefficients

The reactivity coefficients are expressions of the effect on core reactivity
of c,hanges in such core conditions as power, fuel and' moderator temperature,
moderator density, and boron concentration. These coefficients vary with fuel
burnup and power level. ABB-CE presents calculated values of the coefficients
in the CESSAR-DC and ha's also evaluated the accuracy of these calculations.

The staff reviewed the calculated values of reactivity coefficients and
concludes that they adequately represent the full range of expected values.

.

ABB-CE System 80+ FSER 4-10 February 1994



As an alternative, ABB-CE could discuss the applicability of tha previously
submitted and approved documents for the System 80 CPC/CEAC dasign to the

System 80+ design. This was identified as DSER Open Item 4.4.4-1.

In response, ABB-CE revised CESSAR-GC 7.2.1.1.2.5 (Amendment R) to in,dicate
oaJ *Hr% 41that the software design of the CPC/CEAC system is described in Referenc.2 *4(P 7es

-through-46, and has been reviewed and approved by the NRC in References.,18"7
throughk. The COL application and ABB-CE will follow the procedures

described in References 22 and 23 for all changes to the algorithms, data base
constants and data block constants for the CPCs and CEACs. The staff finds
that the procedures documented in References 22 and 23 were previously
approved by the NRC. The overall CPC/CEAC software implementation, which is
to translate the system functional requirements into modules of machine
executable code and to integrate these modules into a real time software
system, is verified through the Phase I and Phase II software verification
test. The scope of testing will include generation of plant-specific data
base document, generation of appropriate test cases and acceptable criteria,
and test reports. Phase I testing is to be performed on the DNBR/LPD calcula-
tion systems to verify that CPC/CEAC system software modifications have been
properly implement. Phase II testing is performed on the CPC/CEAC system to
verify that CPC and CEAC software modifications have been properly integrated

,

'

with the CPC and CEAC software and system hardware, and to provide confirma-

tion that the static and dynamic operation and the integrated system as
modified is consistent with that predicted by design analyses. I

l

Testing of the CPC/CEAC software for each license applicant referencing the
System 80+ design certification will be considered complete with the formal
issuance of (1) CPC/CEAC data base document, (2) the Phase I test report, and
(3) the Phase II test report. These documents are plant specific and will be ;

reviewed individually for each license application referencing the System 80+
j

design certification. DSER Open Item 4.4.4-1 is, ther'efore, reclasslfied to j

COL Action Item 4.4.4-1.

.
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thermal-hydraulic analyses using ar.alytical methods, DNBR correlations, and
the safety limit DNBR that the staff previously approved. Therefore, the
staff concludes that the thermal-hydraulic design of the System 80+ design
core provides appropriate thermal margin to assure that SAFDLs are not
exceeded during any conditions of normal operation and A00s, and thus,
conforms to the requirements of GDC 10 and is acceptable. The staff's
evaluation of the calculated DNBRs during A00s is included in Sections 15.1
through 15.3 of this report.

Each COL applicant referencing the System 80+ design certification has overall
responsibility for the startup test program. However, the CESSAR-DC defines
ABB-CE's participation and provides guidelines to the reference plants for
pre-operational and initial startup test program in accordance with RG 1.68 to
measure and confirm thermal-hydraulic design aspects. The evaluation of
startup testing program is included in Section 14 of this report.

References for Section 4.4

1. " TORC Code: A Computer Code for Determining the Thermal Hargin of a
Reactor Core," CENPD-161-A, April 1986.

2. " TORC Code - Verification and Simplified Modeling Methods," CENPD-206-P-A,

June 1981.

3. "CETOP-D Code Structure and Modelling Methods for Arkansas Nuclear One

Unit 2," CEN-214-A-P, July 1982.

pJ r,,) (,gy-3f((v.)-P-Q j'e v. 01 ~ 1'~Q f * 7
4. " Statistical Combination of Uncertainties," CEM 139 ^ D, _Nnvomhor 10RO.

5. " Critical Heat Flux Correlations for CE Fuel Assemblies with Standard
Spacer Grids, Part 1, Uniform Axial Power Distribu' ion," CENPD-162-A-P,t

September 1976.

6. " Critical Heat Flux Correlation for CE Fuel Assemblies with Standard
Spacer Grids, Part 2, Non-Uniform Power Distribution," CEN-207-A-P,
June 1976.

h
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The overpressure protection design for the System 80+ plant at power operating
conditions complies with the guidelines of SRP Section 5.2.2 and the require-
ments of GDC 15 and, therefore, is acceptable for design certification.

5.2.2.2 Overpressure Protection During low Temperature Operation

Guidelines in SRP Section 5.2.2 state that the system for overpressure

protection during low temperature phases of plant operation should be designed
;

in accordance with the requirements of Branch Technical Position (BTP) I

RSB 5-2, "0verpressurization Protection of Pressurized Water Reactors While
Operating at low Temperatures."

The low temperature overpressure protection (LTOP) system for the System 80+
design is provided by the spring-loaded liquid relief valves in the SCS. One

SCS liquid relief valve is provided in each of the two SCS pump suction lines.
These two valves are set at a pressure low enough to prevent violation of the
10 CFR Part 50, Appendix G heatup and cooldown curves should a pressure

transient occur during low temperature operations. For LTOP considerations,i

two types of events are considered as the design basis events. These events
(1) the mass addition transient caused by charging and safety injectionare:

flows following an inadvertent safety injection actuation, and (2) the heat
addition transient caused by the restart of a reactor coolant pump. ABS-CE' l

,

determined the pressure set point and flow capacity for the SCS relief valves
j

based on the mass addition transient, which has been demonstrated as the

limiting case, and which results in the highest pressure increase. The mass

addition transient analysis was performed assuming simultaneous operation of
four safety injection pumps and one charging pump with the letdown system
isolated. All pressurizer heaters were assumed to be operating from a water
solid condition _to maximize the pressure increase. The result shows that the igeo w

kPa (h}b psia) for a relief valve with the pressure setpeak pressur s

huwmT|
pain,t of 3760 kPa (545 psia) and flow capacity of 1900'0 L/ min (5000 gpm) of U
water. ABB-CE specified 19000 L/ min (5000 gpm) for each of two valves as a

rated relief capacity. This rated relief capacity will meet the required
1

relief flow for the worst transient.,

I
.t
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LTOP enable temperatures for initiation of the LTOP system can be determined
by following BTP RSB 5-2 guidance for LTOP. According to the BTP 5-2 guid- (.
ance, the enable temperature is the water temperature corresponding to metal
temperature of at least reference nil-ductility transition temperature
(RT,)+ 50 *C (90 *F) at vessel beltline location (either 1/4t or 3/4t) that
is controlling in the Appendix G (to section III of the ASME Code) limit
calculations. Conforming with BTP 5-2 guidance, ABB-CE determined that the
disable temperature 101 *C (214 'F) for heatup with the heatu

22 *C/hr (40 *F/hr)gand the enable temperature is 86 *C (187 *F)
Idowng ' O' O

n
4t' the coeldewr.-ratc; ! css than SC *C/hr (10 ''fbr$7 However, ABB-CE

proposed LTOP disable and enable temperatures det sned by intersections of the @'f /h.
10 CFR Part 50, Appendix G heatup and cooldown curves and the pressurizer
safety valve set point of 17200 kPa (2500 psia). Consistent with Technical
Specifications 3.4.3 and 3.4.11, the heatup rate must be less than 22 *C/hr
(40 *F/hr), cad the cccidce ratt mu ;t bc las than 55 *C/hr (100 'T/W-)S. The
disable and enable temperatures are thus determined to be 143 *C (290 *F) for
heatup and 126 *C (259 *F) for cooldown, respectively. The proposed disable
and enable temperatures exceed the required temperatures in accordance with

BTP RSB 5-2 for LTOP with sufficient margin in overpressure protection, and,
therefore, are acceptable.

For temperatures above the LTOP enable temperature, overpressure protection
is provided by the pressurizer safety valves. Before entering the low
temperature region for which LTOP is necessary, administrative controls

require operators to decrease the RCS pressure below the maximum pressure
allowable for SCS operation. The SCS will be aligned whenever the RCS is at

low temperatures and the reactor vessel head is secured, or until an adequate
vent has been established.

System design criteria required by the staff include: the mitigating system
must meet single-active failure criteria; the system m~ust be capable'of being
tested; and the system must be capable of functioning following loss-of-
offsite power. ABB-CE has met all the design criteria for LTOP. This
provides assurance that'the temperature-pressure limit presented in Appendix G
of 10 CFR Part 50 will not be exceeded during any transients.
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DSER Open Itemh 2 regarding the use of cobalt containing alloys, such
as Ste11ite, is resolved as follows:

Stellite is a cobalt-based alloy. Activation of cobalt is a concern relating
to the radioactivity in current nuclear plants. Therefore, ABB-CE should
avoid the use of cobalt for ALARA considerations. In CESSAR-DC Sec- .

tion 5.2.3.2.2, " Materials of Construction Compatibility With Reactor Cool-
ant," ABB-CE states that cobalt-based alloys will be avoided except in cases
where no proven alternative exists. Cobalt-free alloys with the wear and
corrosion properties of the Stellite (cobalt base) type alloys, although under
development, have not been fully demonstrated to have the usability of the
Stellites at this time. The NRC staff encourages the COL applicant to monitor
the continuing development of cobalt-free hardfacing alloys in nuclear power
plant systems to reduce future radiation exposure of personnel. On this
basis,OpenItemf. resolved.

s a.. u - 1

The COL applicant should determine the LTOP' enable temperature based on plant-
specific material properties and pressure-temperature limit curves. This is
COL Action Item 5.2.2.2-1.

5.2.2.3 Pressurized Thermal Shock

i

Pressurized thermal shock (PTS) events are system transients in a pressurized
water reactor that can cause severe overcooling followed by immediate repres-
surization to a high level. The thermal stresses, caused when the inside
surface of the reactor vessel cools rapidly, combine with the pressure
stresses to increase the potential for fracture if an initiating flaw is
present in low toughness material. This material may exist in the raactor

j

vessel beltline, adjacent to the core, where neutron radiation gradually '

embrittles the material over time. The chemical composition of the steel
is an important determining factor regarding the degre'e of embrittlement.
10 CFR 50.61, " Fracture Toughness Requirements for Protection Against Pressur-
ized Thermal Shock Events," (56 FR 22300; May 15, 1991) establishes a PTS

^

screening criterion (RTns) below which no additional action is required for
protection from PTS events.

o
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5.4.3 Shutdown Cooling System

(
ABB-CE described the shutdown cooling system (SCS) in CESSAR-DC Section 5.4.7.
The SCS is designed to remove heat from the reactor coolant system (RCS) dur-
ing a reactor shutdown after the RCS temperature and pressure have been

reduced to approximately 177 *C (350 *F) and 3150 kPa (450 psia). The SCS is
capable of reducing the RCS temperature to the refueling conditions and main-
taining this temperature until the plant is started again.

The SCS also performs the following functions:

transfers RCS fluid to the chemical and volume control system (CVCS) for
a

purification of RCS fluid during SCS operation

transfers refueling pool water back to the ina

ontainment refuelingg water storage tank (IRWST) following refueling operations

, , - -

provides a backup to the containment spray system for IRWST heat remova
a

du ing accident condit
um I

Au.t:od Awr I .provides RCS low temperature overpressure protection d4 m M
*

h%&c.eX ''
The staff reviewed the SCS for the System 80+ design in accordance with SRP
Section 5.4.7. The design acceptance criteria are stated in BTP RSB 5-1,
" Design Requirements of the Residual Heat Removal System." ABB-CE's approach !to meeting these requirements is discussed below.

5.4.3.1 Functional Requirements

In SRP Section 5.4.7, the staff requires the SCS design to meet GDC 1
through 5.

Compliance with GDC 1 through 4 is addressbd in Chapter 3 of this
report.

ABB-CE has satisfied GDC 5, since components of the SCS will not be
shared between units.,

4

When the SCS is in operation, the system takes its suction from each hot leg
via a system of parallel lines and valves forming redundant trains. From the
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discharge of the two SCS pumps, a portion of the reactor coolant is circulated

/\ through two SCS heat exchangers, which are cooled by component cooling water.
,

M The reactor coolant then returns to the RCS through safety injection system
0

(SIS) direct vessel injection (DVI) nozzles. During normal shutdown, whens

non-safety-related equipment and offsite power are available, decay heat is
removed from the core by the main feedwater system, the steam bypass system,

,

k j[
and reactor coolant pump (RCP) circulation system. During emergency shutdown,
when non-safety-related equipment and offsite power are not available, decay

* i heat is removed by RCS natural circulation with the steam generators (SGs) as

N(k
the heat sink. The steam produced in the SG shell side can be removed through
the safety-related SG safety valves and atmospheric steam dump valves to vent

,

g vaporized secondary coolant. Secondary coolant makeup is the emergency feed-
,b water pumped from two safety-grade emergency feedwater storage tanks.

j p ns) w E aptu; warn (Id ACAS At** "O '

? RCS depressurization can be achieved by one of three systems: (1) auxiliary
'o

,q s ;.

p ; pressurizer spray, (2) rapid depressurization system (RDS), and (3) reactor
L coolant gas vent system (RCGVS)6 The auxiliary pressurizer spray is not

designed to satisfy single-failure criteria and is not credited in the BTP
RSt1 5-1 analysis. Both RDS and RCGVS are safety-grade systems. The RCGVS is

; designed for RCS depressurization for design basis events, and the RDS is used
"

to mitigate consequences of a beyond design basis event. The staff evaluated
the design of the RCGVS and RDS in Section 6.7 of this report.4

Pffg g,/nC# f " W,2 -rh:*

ABB-CE-asserted-that-the RCGVS is sufficient to Asubst-itute-for the auxiliary
pressurizer spray to accomplish depressurization during natural circulation

{ conditions.

Two separate trains for each unit provide redundancy in the SCS. Each train3

is powered by an emergency diesel generator. No single active failure to the
SCS can prevent at least one complete train of the SCS from being brought on
line from the control room during normal plant cooldown, a transient, or an
accident.

Before SCS initiation, t'he safety injection tanks must be secured or vented

(from the control room) to prevent overpressurization of the SCS, During the
' cooldown, adding borated water (boration) to the RCS controls core reactivity.

System 80+ Advance FSER 5-67 February 1994
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For cold shutdown, boron is added to the RCS using the SIS. The source of

borated water is the fluid in the IRWST. As opposed to the System 80 design, (
the System 80+ design ooes not rely on the CVCS as a means for baron injection
to meet BTP RSB 5-1 requirements.

g a w l. m d 1 ifd4 W M 4'd
fltem G of BTP RSB 5-1 requires that a seismic Category I emergency feedwater

[supplybe'providedwithsufficientinventorytopermitoperationathotshut-
|

down conditions for at least 4 hours, followed by a cooldown to the conditions

permitting operation of the SCS. The emergency feedwater needed for the cool-'

xdown is tiased on the longest cooldown time needed with either onsite or off-
"%.-

site power availableiwith an: assumed single failure. ABB-CE included two
safety-grade emergency feedwater trains in the System 80+ design. Each train

.

includes one turbine-driven pump and motor-driven pump. The emergency feed-

water system contains two safety-grade emergency feedwater storage tanks.

i Each tank has a b sate volume of 1.3 x 10 L (350,000 gal) available for6
a

k safe plant cooldown. 3 c e ,*

'4 i

During the course of the review, the staff asked ABB-CE to submit the results
of an analysis to demonstrate that the System 80+ plant can achieve cold shut-"

{ down during natural circulation conditions per the assumptions specified in
BTP RSB 5-1. In the response to RAI Q440.51, ABB-CE referenced the CE

g} System 80 report of August 12, 1983 (letter LD-83-074; Docket No.: g jg
44 STN 50-470F), as applicable to the System 80+ design. The CE report of Au- 4

gust 12, 1983, contains an analysis of full natural circulation cooldown (NCC) g
.

from hot standby conditions to temperatures and pressures that permit the'
.

N initiation of the SCS. The analysis was performed using only safety-gag
Nequipment concurrent with a loss-of-offsite power andMssumed single act-i.ve

\ 'failureh)The results of this analysis indicate that the total time required
'

to take the System 80 plants from hot standby conditions to the SCS initiation
condition is approximately 10.5 hours. This time includes maintaining the

plant in hot standby for 4 hours before commencing a cooldown.

In the report of August 12, 1983, for the System 80 analysis, the design used'

the safety-related auxiliary spray and charging systems for RCS depressuri-
zation and RCS inventory control. The safety-related RCGVS was not credited

in the analysis. During this simulated cooldown process, approximately
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832,/800 L (220,000 gal) of condensate wate// r are required, which is less than
theAl.1 x 10' L (300,000 gal) design condensate water capacity. ABB-CE com-

pared the operational status of systeJn's and equipment assumed in the analysis

and indicated that the availability!of the system and components for Sys-
tem 80+ is equivalent to System 80, and the cap;. cities of those components for
plant cooldown are equivalent to o'r better than that for System 80. In the
System 80+ design, the auxiliary spray and charging systems are not designed
to-be single failure proof and are not creditable for the BTP RSB 5-1 analy-A

sis. ilowever, under the assumption of loss-of-offsite power, two trains of |

the high pressure safety injection system (HPSI) are available for System 80+
as opposed to one train of the liPSI system for System 80. ABB-GEnlaimed-ttrat

tN flow capacity of the additional HPSI train for System 80+ exceeds that of

the charging pumps credited ighg5ge3 80 analysis for the RCS coolant
In the System 80 cocidown analysis, the auxiliary spray was used tomakeup. 3 acs.

rapidly depressurize the pressur4zernonce the-steam-bubble-was-removed-for-N
ITus /Esdepressurizationcan,T:e conducted for System 80+ via thehe 3

System-80.

RCGVS, which has greater capability for depressurization than the System 80
auxiliary spray system. In addition, the condensate storage capability has
more than doubled from the System 80 to System 80+ design. Thus, ABB-CE

asserteri-that-the August 12,1983g analysis for System 80 bounds the
System 80+ design. ;

1

T Th c. l
ABB-GE2s-dustif-icat-ion-was-reasonable qualitatively.- However, the staff was I

concerned about the thermal-hydraulic response during depressurization by -j

using the RCGVS. Also, since the makeup water is demanded at relatively high I

RCS pressures during the plant cooldown, the safety injection pumps may not be
as effective as the charging pumps for the RCS inventory NNp'.' The staff
determined that ABB-CE had not adequately demonstrated the apolicability of
the August 12, 1983, analysis to the System 80+ design. Therefore, ABB-CE was- l

NduNed to submit the results of analysis demonstrating that System 80+ is
capable of achieving cold shutdown in accordance with'the assumption's speci-
fied in BTP RSB 5-1.

4fg pr Wc

/In. response to the/ staff's request, ABB-CE performed a NCC analysis by using
only safety-grade' equipment with an assumption of the concurrent loss of off-
sitepowerandhsinglefailure. event. TheresultsNesentedinAmendmentN
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to Appendix 50 of the CESSAR-DC. The previously NRC approved LTC code was (The NCC sequence relied on the guid-
topgrformtheagysis.

used by ABB-C)#skemer,gency hacedures guidelines (EPGrCENE152) as follows:ance in ABB-CE

Following the reactor trip, the operator manually controls the atmos-1.

pheric dump valves (ADV) and emergency feedwater Ir[sio restore the

plant at hot' standby conditions.

The operator throttles two of the four safety injection system pumps2.
(only two trains are available because of the assumed single failure of
one diesel generator) for RCS boration and inventory control.

After the four hour hot standby period, the operator uses the ADVs to3.
initiate a cooldown with a rated mited by the TSs.

y ifa., %Aad 4End
Theoperatorusesthesafety-gradeequipmentforRCSpressureandinvgng g

4.
tory control: the pressurizer vent system for depressurization; the/RCS:

pesso ve
vent system foresteam removal from the reactor upper head; and SI pump

throttling for boron and RCS inventory control.

The operator controls the cooldown to maintain the pressurizer level and5.
RCS subcooling within the ranges consistent with the'EPG guidance.

ECG
,tL

The analytical results indicate that the SCS entry conditions can be achieved
The staff

withind[00 hours (includingfourhoursathotstandbyconditions).
has reviewed ABB-CE's NCC analysis, The staff finds that the previously

approved LTC code was used for analysis and only the safety-grade equipment

was credited for natural circulation cooldown. The analyttel results show

that the SCS entry conditions have been achieved with the totai emergency
!

feedwater usage of less than 35 percent of the minimum availabla capacity. |

'BTP 5 *. requires ABd-CE
The , staff concludes that the analysis is acceptable.
to demonstrate the NCC capability by analysis and test. The staff believes |

|

that the use of RCGVS and SIS may result in a more complicated evolution than |

that demonstrated by use of auxiliary spray and CVCS. The staff's conclusion |
|is based upon the SI pump curve which shows a rapidly increasing flow rate as

pressure decreases, and the use of two vent valves for pressure control as !
i

!
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Figure 6.3.2.lc correctly reflects the valve position and indications for each !

isolation valve. On this basis, Open Item 5.4.3.2-1 is resolved. -(

The design of. interlocks will not automatically close the isolation valves in
the event of an RCS pressurization during shutdown cooling. This design of
interlocks is to prevent a loss of decay heat removal capability due to .

inadvertent closure of the isolation valves during SCS operation. To respond
to DSER Open Item 5.4.3.2-2, ABB-CE indicated that the System 80+ design has
the following features for prevention of SCS overpressurization:

1. An alarm will be provided for each of the SCS suction isolation valves
located inside containment. This alarm is to warn control room operators
when rising RCS pressure approaches the SCS operating pressure limit.and

1

isolation valves are not closed.
'

,

2. Valve position indication will be provided in the control room for all4

SCS suction isolation valves located iriside containment. The power for-

the indicators is supplied from a separate source such that the position
indication is not effected by power interruption to the operator. (

SA.% 24
3. The response guidelines as described in CESSAR bC Sectior

,

will be provided to direct operator actions during shutdown cooling for we sou
overpressurization protection of the SCS. SLd(04.

5 A t.),.(o m wo u. n :g
4. The design press're of the SCS will be increased to 6205 kPa (900 psi).u

This design pressure meets the. required ultimate rupture strength equal A
to full RCS pressure as specified in SECY-90-016, " Evolutionary LWR "vFr? -

Certification Issues and-Their Relationship to Current Regulatory-
Requirements," to reduce risk of intersystem LOCA events (see Section,20,
of this report. Issue 105, for the evaluation of intersystems LOCA
events). '

s

.

. ..
Based on the staff's review, the staff finds that the design features dis-
cussed above provide. reasonable assurance ci overpressure protection for the
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Item E of BTP RSB 5-1 states that "the isolation valve operability and inter- |

lock circuits must be designed as to permit on line test when operating in the (
RHR modes." ABB-CE has retracted this deviation and comitted to the confor-
mance of the System 80+ design to these testing requirements. Testing of the
SCS suction isolation valve circuitry is provided in CESSAR-DC
Sections nd 14.2.12.1.21. .

1. t. 2. 1
The SCS design meets the isolation requirements of BTP RSB 5-1 and is accept-
able. On this basis, Open item 5.4.3.2-3 is resolved. p% t

,L m.u.d " wk s W,#

Intersystems LOCA k Ctate bl4w d 6vs(m64 : b IN"
? "_ 1,0o. ,,4 3.u M-

SECY-90-016 specifies the staff's position on protection against the possibil-
ity of a loss-of-coolant accident (LOCA) occurring outside the containment for
those systems linked to the RCS. The staff position is that future advanced
light water reactor (ALWR) designs should reduce the possibility of a LOCA
outside the containment by designing, to the extent practicable, all systems
and subsystems connected to the RCS to an ultimate rupture strength (URS) at J

least equal to full RCS pressure. The " extent practicable" phrase is a real-
1

ization that all systems must eventually interface w,ith atmospheric pressure,
and that, for certain large tanks and heat exchangers, it would be difficult
or prohibitively expensive to design such systems to the URS equal to full RCS
pressure. Note that the degree of isolation or number of barriers (e.g.,
three isolation valves) is not sufficient justification for using low pressure
components that can be practically designed to the URS criteria. For example,
piping runs should always be designed to meet the URS criteria, as should all
associated flanges, connectors, and packing, including valve stem seals, pump
seals, heat exchanger tubes, valve bonnets, and RCS drains and vent lines.

The designer should attempt to reduce the level of pressure challenge to all
systems and subsystems connected to the RCS.

For all interfacing systems and components that do not meet the full RCS URS
criteria, ABB-CE(g@ justify why it is not practical to reduce the pressure
challenge any further. ' This justification Q be based on an engineering
feasibility analysis and not solely risk-benefit tradeoffs.

\
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piping from overpressurization due to inadvertently starting the charging
pumps, RCS pumps, SI pumps, and pressurizer heaters. The evaluation of the (
design for the SCS relief valves is discussed in Section 5.2.2 of this report.

The SCS piping and valves from the RCS up to and including SI-653 and SI-654,
are designed to ASME Section III, Class 1. The remainder of the SCS piping,
components and valves, including relief valves, 51-179 and SI-189, are
designed to ASHE Section III, Class 2. The relief valves, SI-179 and SI-189,
are located inside the containment. The reactor coolant discharged through
the relief valves is collected in the holdup volume tank (HVT), which is a low
collection point in the containment. The spillage from the liVT is collected
in the IRWST, which provides the borated water for the SIS. This relief flow
path provides the System 80+ design with the capability to preserve the RCS

inventory and the SIS water source in the containment, and to avoid flooding
of any safety-related equipment should relief valves be stuck open.

The SCS design meets the pressure relief rbquirements of BTP RSB 5-1 and is
acceptable.

i. ,

5.4.3.4 SCS Pump Protection !

1, , .

Each of the SCS pumps, as described in CESSAR-UC Section 5.4.7.2.2.E and in !
ABB-CE's response to RAI Q440.58, has a minimum recirculation line to protect
the pump from a potential low flow or no flow operating condition. The mini-
flow lines are routed from the pump discharge back to the pump suction.

A locally operated manual valve, that is located in each miniflow line to
allow pump maintenance, is locked open during all operating modes. A heat
exchanger in each miniflow line removes pump heat in the event of a closed
pump discharge path should an operator make a mistake.

7
Individual flow and pump inlet / outlet @vae.ssuAA Iiistruments monitor themper:tuR/
condition of each of the SCS pump trains. A readout for each of these instra-
ments is in the main control room. In addition, the SCS flow has a low flow
alarm located in the main control room. An alarm alerts the operator to low

k
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piping from overpressurization due to inadvertently starting the charging:.
pumps, RCS pumps, SI pumps, and pressurizer heaters. The evaluation of the
design for the SCS relief valves is discussed in Section 5.2.2 of this report.

|

The SCS piping and valves from the RCS up to and including SI-653 and SI-654,
are designed to ASME Section III, Class 1. The remainder of the SCS piping,

components and valves, including relief valves, SI-179 and SI-189, are
designed to ASME Section III, Class 2. The relief valves, 51-179 and SI-189,
are located inside the containment. The reactor coolant discharged through
the relief valves is collected in the holdup volume tank (HVT), which is a-low
collection point in the containment. The spillage from the HVT is collected
in the IRWST, which provides the borated water for the SIS. This relief flow
path provides the System 80+ design with the capability to preserve the RCS
inventory and the SIS water source in the containment, and to avoid flooding
of any safety-related equipment should relief valves be stuck open.

The SCS design meets the pressure relief requirements of BTP RSB 5-1 and is !

acceptable.
1

5.4.3.4 SCS Pump Protection

Each of the SCS pumps, as described in CESSAR-DC Section 5.4.7.2.2.E and in

ABB-CE's response to RAI Q440.58, has a minimum recirculation line to protect
the pump from a potential low flow or no flow operating condition. The mini-
flow lines are routed from the pump discharge back to the pump suction. !

'

A locally operated manual valve, that is located in each miniflow line to
allow pump maintenance, is locked open during all operating modes. A heat
exchanger in each miniflow line removes pump heat in the event of a closed
pump discharge path should an operator make a mistake.

fressur L
'Individual flow and pump inlet / outlet A.. aura instruments monitor the

condition of each of the SCS pump trains. 'AEreadoutforeachoftheseinstru-

ments is in the main co'ntrol room. In addition, the SCS flow has a low frow
,-

alarm located in the main control room. An alarm alerts tiie' operator to: low

-
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p ressur t- hasno c t on SCC
flow conditions that lead to a loss of shutdown cooling due to either a loss q
of adequate pump suction or the closure of a system valve. 3

--o

In a letter of January 21, 1993 and in Amendment S to CESSA DC
Sections 5.4.7.2.2.E and 5.4.7.4, ABB-CE indicated that e SCS pumps are t

'

required to operate in a range from the design point runout conditions.-
These pumps are not required to operate at reduced ow, such as injection

mode following a small break LOCA. For post-trip ong term cooling, the SCS

is provided only after the RCS level has been sty ilized, and the pressure and
temperaturehavebeenreducedtolowpressures,t/avpi'd,AowfMw'opprkimf
c,ontfltjoffs whjcff may causeyutrip dam,agtf resulthfg fremdlie flow' inst.abM'ity

J eliotnan( ABB-CE evaluated operating data for pumps with the similar mechan-h

ical seal design used in SCS pumps and indicated that these pumps could be
operated at the range of the design flow to runout conditions for more than
12,000 hours without overhaul. ABB-CE also indicated that the SCS pumps will

beinspected, tested,repairedandreplacedtomeettgheump-funct4
'requirements in accordance with the requirements of the ASME OM Code-1990.

Based on its evaluation of the SCS design discussed b etten ff

concludes that ABB-CE has provided reasonable assurance for the operability of
SCS pumps. On this basis, Open Item 5.4.3.4-1 is esolved.

The SCS design satisfies the pump protection r quirements of BTP RSB 5-1-

eg''pff[/ff,90,therefore, the SCS pump design is acceptabl

but Cf W ~ 5 Y
5.4.3.5 Shutdown and Low Power Operatien Risk ec,6ef A f#E//Nff-CM-/ ff/

/9 C feQu hon ha bm cycef>|Q
The NRC staff has had increasing concern over fh/shefykf $perations urEn f % /-
low power operations or periods of plant shutdown. 'The Diablo Canyon event of
April 10, 1987, highlighted a particularly sensitive condition of the opera- k
tion of a PWR with a reduced inventory in the reactor. coolant system. After
the,NRC reviewed the event, the staff issued GL 88-17,'" Loss of Decay Heat
Removal," on October 17, 1988. The letter requested that licensees address
numerous generic deficiencies to improve operational' safety during operation
at reduced reactor coolant inventory. This included deficienci's ine

~

procedures, hardware, and training in the areas of (1) prev'ention.of aedident
initiation, (2) early mitigation of accidents, and (3) control of' radioactive

System 80+ Advance FSER 5-79 February 1994
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j in CESSAR-DC Table 6.1-1, ABB-CE indicates thas inconel 690 will be used in

lieu of Inconel 600 as an ESF pressure-retaining material. Operating experi-
ence indicates that inconel 600 is susceptible to cracking. ABB-CE has
considered using alternate materials that resist stress corrosion cracking.
ABB-CE will use Inconel 690 for all applications where inconel 600 was to be

'

used. The staff views the Inconel 690 alloy as the preferred nickel base.
alloy in .the primary and secondary coolant loops because of its improved
corrosion resistance compared to inconel 600. The use of Inconel 690 will
provide reasonable assurance of the material integrity of the components and
tubing in contact with reactor coolant (RC) and most secondary water chemis-
tries. DSER Open Item 6.1-2 is considered closed.

ABB-CE is proposing to use Types 304 and 316 austenitic stainless steel.
ON However, these materials are susceptible to intergranular stress corrosion
O cracking when the oxygen content of the RC exceeds 0.010 ppm at temperatures

above 93 *C (200 'F) during normal operations. During start-up and operation
of the nuclear steam supply system (NSSS), these temperature and chemical
conditions are maintained through specified chemistry control. ABB-CE has

taken alternative mitigating approaches as allowed in RG 1.44, " Control of the
Use of Sensitized Stainless Steel," thus providing reasonable assurance of the
integrity of austenitic stainless steel components in contact with RC. DSER

Open Item 6.1-3 is closed.

The ferrite content limits for austenitic stainless steel castings and weld
metal in the System 80+ design are broader than those in industry guidelines
(Ref.1) and etaff guidance (Ref. 2). ABB-CE during a meeting with the staff

g g on June 22, 1993, stated that it will limit the ferrite content of austenitic
stainless steel castings to a maximum of @ercent. ABB-CE in Amendment L to

.

'

,

[ CESSAR-DC modified the upper ferrite limit to 15 percent for austenitic y
stainless steel weld metal. The staff believes that these lower ferrite
content limits for austenitic stainless steel castings.and weld metal will
provide reasonable assurance of components of these materials maintaining
adequate fracture toughness for their 60-year life. DSER Open Item 6.1-4 is
considered closed.

ABB-CE System 80+ FSER 6-2 February 1994
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I
|'

other materials other than Type 300-series stainless alloys. Grinding wheels
{

'

bonded with rubber compositions that include halides or sulfur will not be
l

used on austenitic stainless steels (COL Action item 6.1.1-2). I

|
l

To prevent halide-induced intergranular corrosion which could occur in an j

dP- aqueous environment with significant quantities of dissolved oxygen, the COL -

applicant will add hydrazine to inhibit the flushing water (COL Action j
,

Item 6.1.1-3). ;

1

In welding ferritic steel, the COL applicant will follow the recommendations
of RG 1.50, " Control of Preheat Temperature for Welding of low-Alloy Steel,"

I and Sectie: III of the ASME Code (COL Action Item 6.1.1-4).
Tis is had in greemen uj-h mt T6SgtDifs e
to (,j . I - 4 (see afach . ')6.1.2 Organic Materials

|

0@ The staff concludes that the protective coating systems and their applications i

-

6p are acceptable and meet the requirements of. Appendix B to 10 CFR Part 50.
This conclusion is based on ABB-CE having met the quality assurance require- j
ments of Appendix B to 10 CFR Part 50, since the coating systems and their '

applications will meet the positions in RG 1.54, " Quality Assurance Require-
ments for Protective Coatings Applied to Water-Cooled Nuclear Power Plants,",

and the quality assurance standards of American National Standards Institute

(ANSI) N101.2, " Protective Coatings (Paints) for Light. Water Nuclear Reactor
|

Containment Facilities." Also, the containment coating systems have been
evaluated as to their suitability to withstand a postulated (DBA environment.
The coating systems chosen by ABB-CE have been qualified under conditions
which take into account the postulated DBA conditions.

References

1

1. Electric Power Research Institute (EPRI), " Advanced Light Water Reactor. |

Utility Requirements Document," NP-6780-L, Volume 2, Advanced Light
Water Reactor (ALWR) Evolutionary Plant, Chapter 1, Overall Require-
ments, Revision 3, November 1991.
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COL Action Item 6.1.1-4:

In welding ferritic steel, the COL applicant will follow the recommendations
of RG 1.50, " Control of Preheat Temperature for Welding of low-Alloy Steel,"

and Section Ill of the ASME Code (COL Action item 6.1.1-4).

Response to COL Al 6.1.1-4:

ABB-CE has taken exception to Position C.2 of RG 1.50 in Open items 6.1-1;
5.2.3-1 and 5.3.1-7. We feel that the exception applies equally to the COL.
The response to the referenced open items is:

Regulatory Guides are not requirements, and, therefore, exceptions are allowed
if suitably justified. ABB-CE's basis for taking exception to Position C.2 of .
RG 1.50 is report, WCAP-8578, Effect of prebeat and Post Weld Heat Treat on

Hydrogen-Induced Cracking in Pressure Vessel Steels, Sept. 1975. That report
documents exhaustive testing to ::ubstantiate that there are alternatives to

the procedure in Position C.2 which are equally effective in providing
reasonable assurance that components made from low alloy steels will not crack

during fabrication and which minimize the possibility of subsequent cracking.
The report presents three acceptable alternatives for achieving reasonable
assurance of freedom from cracks or from development of cracks later on.

ABB-CE believes it acceptable to choose either option based on specific welds.
One of the options is Position C.2, and ABB-CE does utilize this option in
specific cases.

- ~
. _ . . __

'

Recommended COL Action Item 6.1.1-4:
]

In welding ferretic steel one of the. options of report WCAP-8578, Effect of-

Preheat and Post Weld Heat Treat on Hydrogen-Induced Cracking in~ Pressure-

Vessel Steels, Sept. - 1975 will be followed as an alternate to RG 1.50 Position _.
C.2. Additional requirements of the ASME Code will also be followed.

>

km

)

.i
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CESSAR nainemou
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i
All raw austenitic stainless steel, both wrought and cast, usedto fabricato pressure retaining components of the engineeredsafety features, is supplied in the annealed condition asspecified in the pertinent ASME Specification (i.e., 1900-2050*Ffor 0.5 to 1.0 hour per inch of thickness and rapidly cooledbelow 700 * F) . The time at temperature is determined by the sizeand type of component. Vendor fabrication procedures will be
audited to ensure that unstabilized austenitic stainless steelwith a carbon content greater than 0.03% is not exposed to thetemperature range of 430*C to 820*C

(800*F to 1500*F) other thanduring welding.

Duplex, austenitic stainless steels, containing greater than SFNdelta ferrite (weld metal, cast metal, weld deposit overlay), arenot considered unstabilized,' since these alloys do not sensitize;i.e.,
form a continuous network of chromium-iron carbides.pecifically,

Qc' -

alloys in this category are:
D ~

sd CF 8M
Cast stainless steels (delta ferrite controlled

. - -

h ( CF B to SFN to 30FN)
e'

Type 308 Singly and ccmbined stainless steel weld fillerType 309 metals (delta ferrite controlled to SFN to 15FNType 312 deposited)
Type 316

In duplex austenitic/ferritic alloys, chromiun-iron carbides areprecipitated preferentially at the ferrite /austenite interface
during exposure to temperatures ranging from 800 to 1500*F.precipitate morphology precludes intergranular penetrations

This

associated with sensitized Type 300 series stainless steels
exposed to oxygenated or otherwise faulted environments.
6.1.1.1.3.2 Cleaning and Contamination Protection

Procedures
Specific requirements for cleanliness and contamination |

|

protection are provided for NSSS components which provide
contamination control during fabrication, shipment, and storage

|

,

as recommended in Regulatory Guide 1.37.
'

Contamination of Type 300 series austenitic stainless steels by
compounds that can alter the physical or metallurgical structure
and/or properties of the material is avoided during all stages of |
fabrication. painting of Type 300 series stainless steels is |prohibited.

Grinding will be performed with resin or rubber |
bonded aluminum oxide or silicon carbide wheels that have notpreviously been used on any materials other than Type 300 seriesstainless alloys. Grinding wheels bonded with rubbercompositions that include halides or sulfur will not be used onaustenitic stainless steels.,

Amendment R
6.1-3 July 30, 1993

__. -
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Solution heat treatment is not performed on completed or
partially-fabricated components. Rather, the extent of
chromium carbide precipitation is controlled during all
stages of fabrication as described below.

B. Material Inspection Program

Extensive testing on stainless steel mockups, fabricated
using production techniques, has been conducted to determine
the effect of various welding procedures on the
susceptibility of unstabilized 300 series-stainless steels
to sensitization induced intergranular corrosion. Only
those procedures and/or practices demonstrated not to
produce a sensitized structure are used in the fabrication
of RCPB components. The ASTM standard A 708 (Strauss Test)
is the criterion used to determine susceptibility to
intergranular corrosion. This test has shown excellent
correlation with a form of localized corrosion peculiar to
sensitized stainless steels. As such, ASTM A 708 is
utilized as a go/no-go standard for acceptability.
As a result of the above tests, a relationship was
established between the carbon content of 304 stainless
steel and weld heat input. This relationship is used to
avoid weld heat-affected-zone sensitization as described
below, i

C. Unstabilized Austenitic Stainless Steel
The unstabilized grades of austenitic stainless steels with
carbon content of more tnan 0.03% used for components of the
RCPD are 304 and 316. These materials are furnished in the
solution annealed condition. Exposure of completed or
partially-f abricated components to temperatures ranging f rom
800*F to 1500*F is prohibited.

Duplex, austenitic stainless stools containing more than SFN
delta ferrite (weld metal, cast metal, weld deposit
overlay), are not considered unstabilized nince these alloys
do not sensitize, that is form a continuous network of
chromium-iron carbides, specifically, alloys in this
_ category are:

~ . - - . . -- _
-

. . _ _ _ .

Exam e CF8M, CF8 Cast stainless steel (delta ferrite,

r,},od tod jQ SFN to 30FN, 8FN to 20FN for normal-
W (he .6 y ejgaling_tnaperature ab_ove 500*F) ,_

308, 309- Singly and combined stainless steci
312,. 316 weld filler metals (delta ferrite

controlled to 5FN-15FN deposited)

(

Amendment Q
5.2-20 June 30, 1993

-, - . - _ - .



other materials other than Type 300-series stainless alloys. Grinding wheels

bonded with rubber compositions that include halides or sulfur will not be (
used on austenttic stainless steels (COL Action Item 6.1.1-2),

i

To prevent halide-induced intergranular corrosion which could occur in an
aqueous environment with significant quantities of dissolved oxygen, the COL
applicant will add hydrazine to inhibit the flushing water (COL Action

Item 6.1.1-3).

In welding ferritic steel, the COL applicant will follow the recommendations
of RG 1.50, " Control of Preheat Temperature for Welding of Low-Alloy Steel,"

iand Section III of the ASME Code (COL Action item 6.1. -4),

6.1.2 Organic Materials

OL Wec EWrotecti e coating systems and their(, applicationsThe staff concludes that t - ,

are acceptable and meet 10 r quirements of Appendix B to 10 CFR Part 50. |

This conclusion is bas d on A38-CE having met the quality assurance require- |
monts of Appendix B 10 CFR Part 50, since the coating systems and their

applie p , 'et the positions in RG 1.54, " Quality Assurance Require-

ment or Protective oating*s Applied to Water-Cooled Nuclear Power Plants,"
'

i vw er r8e .

and the quality assu ance str ndards of American National Standards Institute ja
(Ah otective C atings (Paints) for Light Water Nuclear Reactor l
Containment Facilities." Al o, the containment coating systems have been

evaluated as to their. ita ility to withstand a postulated (DBA environment.
The coating systems osen y ABB-CE have been qualified under conditions j

iwhich take into ayountM stulated DBA conditions.
L. Th{ %+ o AnstMo 1 7. 4 ms+ Q sele &''3 u**')3 b""d ** A'YM A ~302>

l

Beferences "MaM,.de fogoSelectio,, of Tes+ Mc+kds he Cw+ *)s de the h l*fW " der
so. ,,. 9,. ym p ,7, , ,,, . .g, yy a a,,,9

f'')4'*'11 bed As rM o 38$J, "Smjg /hepse,4,,, q)ss, n 8Ws Ateds*+ (D8Q)'n 6tf otY Ls!&e'e %sle.se %e plu+,s y 5,, fwd a ' |

y s;Lnun.,.c %eg ]

1. Electric Power Research Institute (EPRI), " Advanced Light Water Reactor j
i

Utility Requirements Document," NP-6780-L, Volume 2, Advanced Light
Water Reactor (ALWR) Evolutionary Plant, Chapter 1, Overall Require-

ments, Revision 3g November ,1991.

CPnise.we auwaya app /,ed so A4u/ese %,',us. * 7xese Anm speedcaha ,5/

NPr*a * < + N'eC'<rntft% 9 kl,mh3 H eyerow H n s'th M 40 W ate., |l
'A' AWT S+s ,de nts ecTe w,,ces' in gr>st ici, z , '
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2. U.S. Nuclear Regulatory Commission, " Technical Report on Material
I- Selection and Processing Guidelines for (BWR) Coolant Pressure Boundary

Piping," NUREG-0313, Rev. 2, January 1988. g

3. C.W. Marschall, M.P. Landow, and G.M. Wilkowski, "Effect cf b.vna nic

Strain Again on Fracture Resistance of Carbon Steels Operating at Li,ght-
Water-Reactor Temperatures," ASTM STP 1074, ASTM, Philadelphia, PA,
1990, pp. 339-360.

4. K. Iida, J. Fukakura, M. Higuchi, H. Kobayashi, S. Miyazono, and
.

H. Nakao, " Survey of Fatigue Strength Data of Nuclear Structural Materi- !

als in Japan," Abstract of DBA Committee Report,1988. (Presenti'd to
the ASME, Subgroup on Fatigue Strength, on December 5, 1988, in New York
City, NY.) (Enclosure in letter, from John W. Craig of NRC to Edward
Griffing of the Nuclear Management and Resources Council, Washington,
D.C., dated July 2, 1991.)

5. M. Higuchi and K. Iida, " Fatigue Strength Correction Factors of Carbon-
and Low-Alloy Steels in Oxygen-Containing High-Temperature . Water,"

Nuclear Engineering and Design, Volume 129,1992, pp. 293-306.

6. J.B. Terrell, "Effect of Cyclic Frequency on the Fatigue Life of ASME >

SA-106-C Piping Steel in PWR Environments," Journal of Materials Engi-
neering, Volume 10, Number 3,1988, pp.193-203.

6.2 Containment Systems

The-containment systems for the System 80+ design include: (1) a containment
structure as the primary containment; (2) a secondary containment (shield '

building) surrounding the primary containment 'i:5 t = r: # ;r -t :::::ti:!
t: nf: & tt r :f th: rrt: na:!' x f=! :t:rQ:.fxi'itix; and

(3) supporting systems. The primary' containment is designed to prevent the
uncontrolled release of radioactivity to'the environment with a design leakage-
rate of L.5 percent of free volume for the first day and 0.25 percent.of free-

volume each day after the first 24 hours. These values are predicated on a

.

containment pressure caused by the DBA equal to the containment's design value.

'ABB-CE System 80+ FSER 6-9 February 1994
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of 365.4 kPa (53 psig) for the first 24 hours and equal to 50 percent of i'.s *

design value (i.e., 182.7 kPa, or 2CsE psig) after 24 hours. The secondary

containment is discussed in Section 6.2.3 (below).

6.2.1 Primary Containment functional Design
.

The System 80+ primary containment design consists of a 61m diameter (200-ft)
spherical steel shell with a nominal wall thickness of 4.45 cm (1.75 in.).
This wall will be thicker around primary containment penetrations to structur-
ally compensate for these openings. The primary containment will enclose the '

NSSS (i.e., reactor vessel, steam generators, RC pumps, pressurizer, and
associated connecting piping), the in-containment refueling water storage tank
(IRWST), safety injection tanks, the refueling canal, and associated mechani-- ,

cal, electrical, and heating, ventilation, and air conditioning (HVAC) support ;

components.

The primary containment shell will be supported by embedding a lower segment
between the containment internal structures concrete and the reactor building
(RB) subsphere concrete. There is no structural connection between the free-
standing portion of containment and the adjacent structures other than.
penetrations and their supports. Thus, the portion of the spherical . primary
containment shell above the support region (elevation 91 + 9) will be struc-
turally independent.

3The primary containment will have a net free volume of 95,630 m
3(3,377,000 ft ) and is designed to withstand pressures and temperatures

'

resulting from a spectrum of primary coolant and steamline pipe breaks and
from a negative differential pressure caused by an inadvertent actuation.of
the containment spray system. The primary containment design parameters are '.

an internal design pressure of 365.4 kPa (53.0 psig), an external design
pressure of -13.8 kPa (-2.0 psig), and a design temperature of 143 *C '
(290 'F).

1

.

IABB-CE System 80+ FSER 6-10 February 1994-
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A comparison of'the System 80+ containment design features with those of
ABB-CE's other designs is presented in Table 6.2.1 of this SER. These
features include containment structure type, power level, containment free

i

volume, design pressures, design temperatures, and calculated peak DBA '

containment pressures and temperatures.

A.
\ -

A number of insights and conclusions can be drawn from Table 6.2.1.pThe
System 80+ containment design represents a significant change fromeM of

ABB-CE's previous containment designs, which consisted of steel-lined, pre-
stressed, post-tensioned concrete structures with no secondary containment.

The System 80+ free volume will be considerably larger than all of ABB-CE's

previous containments. Although this larger volume is expected when comparing
the System 80+ design to ABD-CE's lower-power plants, the comparative ratios
of containment free volume to power show that the System 80+ containment
design will have a considerably larger free volume to power ratio than is
found in ABB-CE's other designs. This ratio is between 19.2 and 19.9 m /MW3

3
(677 and 704 ft /MW) for ABB-CE's earlier designs, but is 24.6m /MW3

3(869 ft /MW) for the System 80+. This larger relative volume is proportional
to the relatively lower design pressure for the System 80+ (365.4 kPa, or
53 psig) as compared to ABB-CE's +%er designs (372.3 to 413.7 kPa or S4 to

,

!60 psig). g g
Table 6.2.1 also shows that the external design pre .ure of the System 80+

;

plant (13.8 kPa or 2 psig) is less than that of the System 80 and 3400 - |

megawatt thermal (MWt) CE designs (34.4 kPa or 5 psig). The System 80+
{

containment has a significantly higher design leak rate for the first 24 hours
than do :" :f """ CE'; other designsf''~r' '^- " ~^ ""i S:4 This

~ design leak rate is 0.5 percent per day, while the System 80 and 3400 MWt
designs have a design leak rate of 0.1 percent per day "; ,;tu 20:.

.

_ :_- n ...__ +t 7,3 7 . . , , + ., , , ,, g g - u+ ,,a ,_,, _ tg____. .

F. -_;_. x r =n:llr th:r there f M.SE CE': epert";; rt:. Containment 1

design pressure margin will be discussed -in Section 6.2.1.1\2 of this SER.
.

1
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Insert A
.

. This higher design leak-rate is a benefit to a utility because it-

. provides more operating flexibility for containment. leak rate
-

testing and associated maintenance. This is consistent--with the ,

ALWR URD requirement. The 10CFR100 limits are still met with
this higher leak rate.

1

Insert B 1)

steel lined, pre-stressed, post-tensioned concrete containment
;

i

'
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6.2.1.1 Containment Pressure and Temperature Response to High-Energy Line
Breaks -

.
.

The staff reviewed the temperature and pressure response of the primary con-
tainment to a spectrum of LOCAs and main steamline breaks (MSLBs), an analysis

of negative or external pressure for the primary containment, and an analy; sis
of the minimum containment backpressure for LOCA analyses. The staff will
address the response of the secondary containment in Section 6.2.3 of this
SER.

6.2.1.1.1 Containment Analytical Model
,

ABB-CE calculated the pressure and temperature response of the containment

using the CONTRANS computer code. CONTRANS models both active and passive

heat sinks in the containment and the energy source using information from a
table of mass and energy releases. These heat sinks include containment spray
and fan cooler and the materials inside the containment that can absorb energy
t; ::r.::ti;r from the containment atmosphere.

The containment is simulated as a vapor and liquid region with time incremen-
tal step thermodynamic properties solved by CONTRANS. Mass and energy can be

transferred between these two regions by boiling, condensation, and evapora-
tion. CONTRANS models noncondensible gases and allows for a different
temperature in each region. Liquid condensed from the atmosphere is automati-
cally deposited in the sump or liquid region of the model.

The staff finds all but one of the analytical models and all of the assump-
tions used by ABB-CE acceptable to calculate the containment pressure and
temperature transients following a LOCA and an MSLB in the System 80+ contain-
ment. The staff will address the exception concerning post-LOCA mass and
energy release data in Section 6.2.1.3 of this SER.

6.2.1.1.2 Containment Pressure Response
.

The maximum differential pressure in the primary containment occurs from an

MSLB at 0 percent power with the loss of one containment spray system. The

ABB-CE System 80+ FSER 6-12 February 1994
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In addition, ABB-CE stated that a pipe break in these compartmeits would
result in a negligible increase in pressure due to adequate venth;;;. The

staff concurs with ABB-CE's assessment and, therefore, DSER Open .
Item 6.2.1.2-1 is closed. % '

6.2.1.3 Postulated LOCA Mass and Energy Release D.
,

Y
ABB-CE calculated the mass and energy release data for five LOCA breaks usin
the CEFLASH4A and FLOOD-M002 computer codes for the blowdown and reflood

phases, respectively. These five LOCA pipe breaks include examples in both
.

the hot leg and the cold leg and examples for which the safety injection flow
,

is at minimum and maximum rates.
,

A'
The staff previously approved both CEFLASH4A and FLOOD-MOD 2, which ABB-CE has

used extensively. Moreover, the staff cited the CEFLASH4A code in SRP

Section 6.2.1.3 for the calculation of mass and energy release data. These
codes model the primary system for mass and energy release calculations by
solving equations for the conservation of mass, energy, and momentum. The 'l

calculations include the following heat sources / primary and secondary
coolant; metal within the primary and secondar) coolant systems; core power
transient and decay heat, water from the safet/ injection system (SIS), and

'

steam generator heat transfer. However, ABB-CE stated in CESSAR-DC Sec- $-
tion 6.2.1.3.8 that it did not include energy from the metal-water chemical
reaction. ABB-CE estimated the amount of this energy to be small and to have '

a very small effect on the containment pressures. The staff found that not
using the metal-water energy is non-conservative and inconsistent with the

r

requirements in GDC 50. Although the effect may be small, the staff stated in

the DSER that ABB-CE should account for, it because the containment pressure
only had a margin of about one percent?as discussed in SER Section 6.2.1.1.2.
Including this small energy source should not cause any difficulty but will
resolve the concern of non-conservatism. Therefore, the staff determined that
the metal-water energy should be included as an energy source. This was
identified as DSER Open Item 6.2.1.3-1. In Amendment N, ABB-CE stated that
considering the increased energy from the metal-water reaction for a nominal

core power of 3914 MWt, the calculated peak containment pressure would only
increase to 46.7 psig (322 kPa). This is below the containment design

ABB-CE System 80+ FSER 6-16 February 19N
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Therefore, the staff concludes that the methodology, assumptions, and initial
conditions for the LOCA mass and energy release rate calculations comply with
SRP Section 6.2.1.3 and provide for a suitably conservative analysis of the
parameters for the containment pressure and temperature response analysis.

.

6.2.1.4 Main Steamline Break Mass and Energy Release .
,

In analyzing the temperature and pressure response of containment, ABB-CE used

the SGN-III computer code to calculate the MSLB mass and energy release rate.
ABB-CE considered a spectrum of eight different breaks that included four
different power levels (102, 50, 20, and 0 percent), two different break areas
[0.81 and 0.42 m2 (8.72 and 4.5 ft )] and two postulated failures (loss of one2

containment spray train and main steam isolation valve (MSIV) failure).'
ABB-CE made conservative assumptions on initial conditions such as power
level, steam pressure, and fluid inventories. The assumed active failures are
failure of either one containment spray train or one MSIV.

~ y k &. AV n
closure of isolation valves, serry,mr fcaSGN-III accounts for del

intact steam generator /hinitial pumped feedwater flow, and the later expan-
sion of the feedwater inventory into the steam generator. The code models the
secondary system by dividing it into nodes with an appropriate balance of mass
within each node. SGN-III also solves the conservation of energy.and momentum
equations and explicitly accounts for subcooled and saturated fluid in the
system. In Item II.2 of SRP Section 6.2.1.4, the staff cited SGN-III as an
acceptable computer code for calculating the release of mass and energy from
an MSLB.

Therefore, the staff concludes that the methods, inputs, and assumptions in
CESSAR-DC Section 6.2.1.4 for calculating the MSLB mass and energy release

data fnr containment pressure and temperature analyses comply with SRP Sec-
tion 6.2.1.4. .

6.2.1.5 Minimum Containment Pressure Analysis for ECCS Performance

In Appendix K to 10 CFR Part 50, SRP Section 6.2.1.1.A (Item II.h) and SRP
Section 6.2.1.5, the staff requires that ABB-CE analyze the minimum contain- I

ABB-CE System 80+ FSER 6-18 February 1994 -I
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calculated pressure and temperature conditions from any LOCA with suffici nt
margin. ThetemperatureandpressureprofilesintheCESSAR-DCfortheJT

..

spectrum of LOCA and main steam line breaks are acceptable fo use in equip-
ment qualification. c/d [/ # c)

- G C C f t"flf, o6.2.2 Containment Heat Removal Systems g, .
,

InCESSAR-DCSection6.2.2,ABB-CEcitesyecontainmentspraysystem(CSS)as
the only containment heat removal system / This system consists of two
100-percent capacity redundant and independent trains, each consisting of'a
heat exchanger, pump, spray headers and associated piping, instrumentation,
and valves. The CSS is Safety Class 2, seismic Category I, and is designed to-
the ASME Boiler and Pressure Vessel Code Section III.

Responding to several staff questions on CSS pump behavior, ABB-CE detailed '

the calculation of minimum pump net positive. suction head (NPSH) and design 1

features that prevent debris from entering the pumps while ensuring an
adequate water supply during a DBA LOCA. ABB-CE's method for calculating :

minimum CSS pump NPSH during a DBA LOCA conforms with RG 1.1 " Net Positive .

Suction Head for Emergency Core Cooling and Containment Heat Removal System |

Pumps," and SRP Section 6.2.2. The calculated minimum CSS pump NPSH with all I

appropriate conservative assumpt. ions is 63.7 kPa (21.3 ft) for the pumps at I

their runout flow of 25,000 L W r min (6,500 gpm).

ABB-CE also discussed the design features of the IRWST and holdup volume tank
(HVT) which will provide a sufficient water inventory during all phases of a
DBA LOCA and prevent debris from entering the CSS pumps. The spillways and

screens between the HYT and the IRWST and at the entrance to the suction
piping to the CSS pumps prevent particles greater than 2.3 mm (0.09 in.) in
diameter from entering the CSS. Using the methods in RG.I.82, " Water Sources
for L:ong-Term Recirculation Cooling Following a Loss of-Coolant Accident,"
ABB-CE calculated that no air would enter the CSS pump at-the normal rate.of'
pump fTow and that a maximum of 2 percent of air would enter at the CSS pump

,

runout fTow. These analyses and design evaluations meet the requirements of'

RG'1.82 and.SRP Section 6.2.2. ,-
,

' -

-

' ''
. . ,

,
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tion for the System 80+ design. ThegISinjectsboratedwaterfromtheIRWST
with capacity of 2.07 x 10' L (54h00, gal) while the System 80 refueling

6water, storage tank has a capacity of 1.90 x 10 L (502 6qgal).

The System 80+ design includes two additional high-pressure safety injection
(HPSI) pumps, and two fewer low-pressure safety injection (LPSI) pumps than
are found:in the System 80 design. In the response to DSER Open Item 6.3.1-1
regarding the SI flowrate at the low pressure range, ABB-CE indicated in a
submittal of November 24, 1992, that the addition of two HPSI pumps provides
the required amount of SI flow delivered at low pressure to compensate for the
removal of two LPSI pumps. The emergency core cooling system (ECCS) design
for System 80+ is consistent with the EPRI ALWR Utility Requirements Document

(URD) requirement, Number 5.4.3.1.2, which states that separate high and low
head pumps shall not be used for ECCS. For System 80+, the analysis in
CESSAR-DC 6.3.3 has shown that the SIS design can meet the performance
acceptance criteria specified in 10 CFR 50.46 for the ECCS. In addition, two
shutdown cooling pumps can be manually actuated for injection at low pressure
to mitigate consequences of beyond-design-basis-events. In the emergency

|
operations guidelines (EOGs), ABB-CE adds step (c.v) in the Functional
Recovery Guidelines (FRG) (page 11-132 in E0Gs) to instruct operators to use
SCS for RCS inventory control. Step (c.v) instructs operators to " align the

<

SCS pumps, once RCS is depressurized, to inject borated water from the IRWST

to DVIs," if the SIS fails to maintain RCS inventory. Based on the staff
evaluation discussed in Section 15.3.7 for the LOCA analyses and ABB-CE's

guidance to use the.SCS in EOGs for injection mode to mitigate beyond-design- !

basis-events, the staff concludes that the SIS design is adequate to address
the ECCS acceptance criteria of 10 CFR 50.46 and the RCS inventory control for
accident mitigation. On this basis, DSER Open Item 6.3.1-1 is resolved. |

|
|

ABB-CE considered the reliability of the system (such as the design to_ meet
,

seismic Category I requirements) in the design of the . SIS, and includes
redundant subsystems (such as the design to meet single-failure criteria) to
enhance the overall reliability of the SIS.

-

.

d

.
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70# l' I b rW b0 W#I'#d h6.3.3 Pump Protection Design Requirements ea c h d i v 6 S ion p re vdfS pou'W h
&O buSCS eac || SZ frassa

The System 80+ design contai s four independent active SIS' trains. Each train a

consists of a SI pump and it sspciated valves. System reliability is $
achieved with two electrical s each bus supplying power to two SI pumps, 1

%

associated valves, and supported systems. At least two trains of the inje.c- Y

1
on system would still be activated if a single failure occurred in the power C

ti -4
.

In CESSAR-DC Table 6.3.2-2, ABB-CE included a failure modes

h(supplysystem.and effect analysis, which demonstrates that no single active or passive9

G *failure could prevent the SIS from fulfilling its short- and long-term func-s

V. c Since the design includes both the onsite electric power supply system ]
%

i tions.

y' s% pand the offsite electric power supply system, either of which permits func- 3
-t -

QtioningoftheSIS,theSISdesignmeetstherequirementsofGDC17.
2. / . D.I 'b f& /

y[D{ThefourSIpumpswillbeofsufficientsizesothat'oneSIpump,together
f- v

with the SITS, will provide sufficient injection f ow to prevent the core from ?
{n' being uncovered for small breaks up to at least a 3th-41kcm (1?fi- n.)-diameterx

l hitam) . During a large-b ak LOCA, two SI
,[4breaksize(DVInozze

3

pumps, together with the SITS, will provide the required njection flow toN

'3 meet functional requirements. Sf.f'in
\ R .4 5 # E ba d T G. 3. 2. 2.. '( )

o

h ( In response to RAI Q440.63, ABB-CE performed an analysis to determine the NPSH

f 9 available from the IRWST to the SI pumps.
ABB-CE performed this analysis with

ABB-CE
p h sufficient margin to meet the regulatory position stated in RG 1.1.

() 4 committed to verify the required NPSH for SI pumps to be met durin ump

procurement process, and included an item to verify available a gg
o N pump HPSHs in its inspectio s,pnd-acceptzirce criteria (ITAAC) program

Q Q for the SIS system. ~ f rp)}} C clo e 5 pof com rn o $' ~bo t/ P rt
rP991rf d MPEN. Aegos rd NPKN i.s

In response to the staff's question (RAI Q440.61) regarding the SI pump 4
capability to operate for an extended period of time; ABB-CE stated that the }'-

SI pump design is similar to the design of t Q%eiiwa feedwater pump. D

ABB-CE evaluated feedwater pump operating ata and indicated that those pumps s -- ;

. J.:

could be operated without overhaul for ore t'han 5 ' ears. ABB-CE also statedy
c:

that the pump will be inspected, submitted a recommen8a,tloh for parts:that }
*

~ W |IO)l'"(Q Umf5
'

f :regon56 Sims f a r Inw e r C- !
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1 .

should be replaced periodically. The COL holder will perform the routine ISI
defined in the TS to verify that the performance of the SI pump meets the (|

.

functional requirements.

!

To prevent the SI pumps from runout because of low RCS pressure after a large-
break LOCA, the maximum SI flow (RAI Q440.62) will be limited to an acceptable

'

runout value when the SIS is set up during preoperational testing with the RCS
at atmospheric pressure. The main control room (MCR) will include pressure
indicators for the SI lines, flow meters for the SI pump discharge flow, and
the associated alarms. These devices will alert the operator to the possible
degradation of SIS pump performance. The instrumentation for monitoring the

t

SIS pump performance will be operable with and without offsite power.

In response to the staff's questions (RAI Q440.71, 72, and 73) regarding the
SI operation at low flow conditions as described in NRC Bulletin 88-04, ABB-CE
stated that the arrangement of the SIS mini-flow recirculation lines will
preclude pump dead-head operation resulting from pump to pump interactions as
discussed in NRC Bulletin 88-04. The only cross-connection in the SIS
arrangement ties two discharge (mini-flow) recirculation lines together
downstream of an orifice and a check valve, creating a flow path to the vented
IRWST. This piping arrangement will not result in the operation of one SI
pump to cause other SI pumps to operate at a flow rate that is lower than the
required minimum for pump protection. ABB-CE also confirmed with information !

from pump manufacturers and utilities, that the minimum recirculation flow

previously established for SI pumps applies to the System 80+ design and is ;

adequate to protect pumps at low flow conditions. The design minimum SI pump

flow ranges from 322 to 3971pm (85 to 105 gpm) (9.7 percent to 12 percent of
best efficiency flow) a fiih thse[of') Ihy m%rd,[.3 td./

1 he%MJa N;t(s)(pk The staff agrees that the proposed SIS
arrangement will avoid pump dead ead operation. However, the staff required
that ABB-CE discuss design crit ria for the minimum SI. recirculation flow, and '

.

provide pump operating data or test results demonstrating that the SI pump
would be operable for an ext nded time at the proposed flow range. ABB-CE
should also. demonstrate in ompleting the ITAAC that the mini _-flow bypass has
adequat_e capability. Thi was DSER Open Item 6.3.3-1.

{
.

5ee A fDL
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6.3.7LTesting

pey 2 yf. $~ W3 0
The SIS ill be.' designed and installed to permit'the SIS pumps to be. tested at
full-flg conditions ~ with the reactor at power, which is consistent with the-

~

EPRI URD requirements. TheCOLapplicantwillperformpreoperationaltestTng
of the SIS to verify that the performance of the system and components mee.ts'
design criteria. The' COL applicant will periodically test and' inspect the. SIS
components and subsystems'in accordance with the ASME Code, Section XI, which

constitutes compliance with GDC 36, to ensure the SIS will operate properly-in
the event of'an accident.. The COL applicant will also test the SIS compo-

'

nents, including pumps and automatic valves, to confirm acceptable performance
of each active component in the SIS.

,

,

ABB-CE committed to demonstrate the operability of the SIS by subjecting all
components to preoperational and periodic testing to be consistent with'
RG 1.68, "Preoperational and Initial Startup. Test Programs for Water Cooled
Power Reactors"; RG 1.79, "Preoperational Testing of Emergency Core Doling.
Systems for Pressurizer. Water Reactors"; and GDC 37, " Testing of Emergency
Core Cooling System." SIS testing is COL Action Item 6.3.7-1.

,

6.3.8 Conclusions
,

: .i

The SIS includes the piping, valves, pumps, instrumentation, and controls for
transport.ing heat from the reactor core after a LOCA, including a pipe break, ;

or'safaty valve opening in the RCS that could discharge a volume of coolant
glLater than that to be replaced by the normal makeup system. The staff

,

revir.wed the SIS, including piping and instrumentation diagrams, failure modes
.

and effects analyses, and design specifications for essential components. The
staff reviewed the CESSAR-DC design criteria and design bases for the SIS and '

the manner'in which the design confones to these criteria and bases.

1. .

The staff concludes that, the; design of'the System 80+ SIS is acceptable.
; because it meets the requirements in GDC 5, 17,.194 20, 36, and 37, and.the,

x guidelines in.SRP Section 6.3. In Section 15.'3.7,'the staff documents itsi
'

'

) evaluation regarding the acceptance criteria of'10'CFR'50$6TaAd GDC 35P
: V ;y- - <

S
.
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ABB-CE has included a preoperational testing program in CESSAR-DCjS - ..

tion 14.2.12.1.22 and an ITAAC program that includes testing to 41) verify
that,the design SI flow and head meet SI pump functional re irements; :

(2) confirm that the-required pump NPSH for the SI pump ar available; and'
(3) determine the SI runout flow to be used at low-pressure conditions. The
staff reviewed the ITAAC for the SIS and finds that the Design Description,and
ITAAC forethe SIS system include the appropriate design commitments which are
to be verified and, therefore, determines that they are acceptable. On this
basis, DSER Confirmatory Item 6.3.8-1 is resolved.

6.4 Control Room Habitability Systems

The staff reviewed the control room habitability systems in accordance with
SRP Section 6.4 to verify that they will conform to the acceptance criteria in
the applicable regulations of 10 CFR Part S0. dpecifically, the SRP accep-
tance criteria require the system design to meet: (1) GDC 4, " Environmental

and Dynamic Effects Design Bases," regarding accommodating the effects of and
being compatible with postulated accidents, including the effects of the
release of toxic gases; (2) GDC 19, " Control Room," regarding maintaining the
control room in a safe, habitable condition under accident conditions by
providing adequate protection against radiation and toxic gases; (3) Three
Mile Island (TMI) requireme7t 10 CFR 50.34(f)(2)(xxviii), as it relates to
evaluating potential pathways for radioactivity and radiation that may lead to
control room habitability problems; and (4) TH1 Action Plan item III.D.3.4
(NUREG-0737) requirements as they relate to providing prote: tion against the
effects of release of toxic substances, either on or off the site.

Although the System 80+ design can be used at either single-unit or multiple- ,

unit sites, in CESSAR-DC Section 1.2.1.3, ABB-CE states that the independence
of all safety-related systems and their support systems will be maintained
between (or among) the individual plants. In the DSERm the staff stated that
should a multi-unit site be proposed, the COL applicant must apply for the
evaluation of'the units' compliance with the req $irements of GDC 5, " Sharing;

of Structure's, Systens, and Components," with respect to. the cap,atiility of' |
~

shared SSCs to-perform their required safety functions. This was; identified
as COL Action Item 6.4-1 in the DSER. Upon further review, the stif*f has ;

|
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basis documentation. The above verification was identified as a COL Action
item 6.4-3 in the OSER. Subsequently, in CESSAR-DC, ABB-CE stated that thee

COL applicant will verify that the control room habitability system is
consistent with the licensing basis documentation. Therefore, COL Action
Item 6.4-3 is resolved.

Based on the above, the staff concludes that the control room habitability
systems meet the acceptance criteria of SRP Section 6.4 and are, therefore,
acceptable pending ABB-CE revising CESSAR-DC Table 15A-10 in Amendment V to

reflect "6000 cfm," not "4000 cfm" nominal, post-accident filtered rate. This
is part of FSER Confirmatory Item 1.1-1.

6.5 Containment Soray System

The containment spray system (CSS) is a safety-grade system designed to reduce
containment pressure and temperature following a LOCA or MSLB and to remove
fission products from the containment atmosphere during a LOCA. The staff
reviewed the design basis for the fission product removal function of the
containment spray system to verify that it is m istent with the assumptions
made in the accidents evaluation of CESSAR-DC Chapter 15. The acceptance for
the fission product cleanup function of the containment spray system is based
on meeting the relevant requirements and criteria in SRP Section 6.5.2 and

CSk$
(a b hr) u)d ct .

GDC 41, 42, and 43. o(
Am end,vn

The CSS consists of two 100-percent pacity redundant and separated trains,
each of which has one pump, one he exchanger, and associated spray nozzles,
spray headers, piping, valves, an instrumentation and controls. The CSS'

pumps start upon receiving a SIAS and the spray header isolation valves open g
upon receiving a containment spray actuation signal. The CSS pumps are 3
designed to be functionally interchangeable with the SCS pumps to allow the- E
CSS pumps to back up the SCS pumps during refueling when the CSS pumps are nott E

%needed. The. CSS pumps and heat exchangers can be manually aligned to provide.
LTC'of the IRWST during post-LOCA feed-and-bleed operations when the st '5
generators. are not available to cool the RCS. Q'

.
- m

*
~

@.

,

{ ockve. b0 b0
y
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ABB-CE stated that the NPSH design requirement has been addressed in the

revised CESSAR-DC Section 6.5.3.4 (Amendment N). CESSAR-DC Section 6.5.3.4-

states, in part, that the IRWST is the suction source for both SI and CSS
pumps during short term injection and long term cooling modes of post-accident
operation. The minimum available NPSH for the SI and CSS pumps was determined

based on the minimum water level in the IRWST during accident conditions.. The
SI and CSS pumps are located in the RB subsphere and are placed low enough
below the minimum IRWST water level to assure adequate available NPSH. The N

minimum IRWST water level elevation was determined to be 23m (75.5 ft). The
calculated available NPSH for the CSS pumps ranges from 7.3m (24 ft) at the

%gdesign flow rate of 18,900 L/ min (5000 gpm) to 6.5m (21.2 ft) at a pump runout
flow of 6500 gpm. This exceeds the CSS pump required NPSH of 6.lm (20 ft) at
runout flow. In addition, the reactor cavity will not be flooded during a N

U
LOCA as was assumed in determining the minimum water level of 23L (75.5 ft) in
the IRWST. Because of this, an additional volume of water will raise the 5
minimum water level in the IRWST by approximately 0.6m (2 ft), thereby 3
increasing the available NPSH. ABB-CE also addressed the prevention of debris
blocking the return water from entering of the IRWST in CESSAR-DC Section 6.8. t

e .

Based on this review, the staff finds that there will be enough water in the -4:- |

VIRWST to cover the minimum CSS pump NPSH. Therefore, DSER Open Item 6.5-2 is

closed. 4
$
o

In CESSAR-DC Section 6.5.4, ABB-CE states that the COL applicant will conduct 5
%

preoperational tests on the CSS to verify the operability of all pumps, s
CL i

valves, spray headers, spray nozzles, heat exchangers, and instrumentation. y
Before operating the plant, the COL applicant will also conduct a series of'

hydrostatic tests in accordance with the ASME Boiler and Pressure Vessel Code p0
(COL Action Item 6.5-1).

.

The. CSS is: designed to withstand the impact of floods, pipe breaks, m ssiles,
p.ipe whip, water haarner, over-pressurization, fire, and, a LOOP. Eac CSS; I

'

train has a; separate power supply through an independent electrica us'and

EDG. Physical separation is used throughout-the system to preclude common- "M'

i mode failures and enhance fire protection capabilities. CSS. pipes are maderof"
'~

austenitic. stainless steel, conform to ASME Boiler and'Pressdre. Vessel Eode, ;
~

Section III, and are classified as seismic Category I piping system. Air
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reactor drain tank (RDT) through one or both of the parallel isolation valves.
The RCGVS can alse remove non-condensable gases or steam from the reactor

3' vessel upper head through a vent line to the RDT through a flow-restricting

QU$
orifice and one or both of the parallel isolation valves. The RCGVS isolation

p.C p . valves are closed during normal reactor operation. During shutdown or

(f' transient conditions, the operator will follow operating procedures to .

7[6
g p manually actuate -(open) the RCGVS valves from the MCR in order to vent the

reactor vessel upper head or the pressurizer steam space if the operator,

determines that non-condensable gases have collected in the reactor vessel
upper head or in the pressurizer steam space. The RCGVS will have the
capability to be manually actuated, monitored, and controlled from the control
room, as required by GDC 19.

The parallel isolation valves are powered by a normal ac power source and an
emergency ac power source. In CESSAR-DC Table 6.7-3, ABB-CE documented a

!

failure modes and effects analysis (FMEA) demonstrating that the RCGVS will
maintain a vent path after a single failure of either of the valves or of the

|
power source. This demonstration satisfies the requirements of GDC 17 and 34. |

i

To satisfy the requirements for natural circulation cooldown specified in BTP.,
_ _ .

| Geactor service buildiiig '5-1, the RCGVS can remove the steam bubble and
__

depressurize the RCS for the shutdown cooling mode of operation. This is
discussed further in Section 5.4.3-1 of this report.

L

The RCGVS is designed to seismic Category I requirements in compliance with
RG 1.29.

The RCGVS is designed to permit periodic inspection in accordance with

Section XI of the ASME Boiler and Pressure Vessel Codes. This constitutes
compliance with GDC 36.

In response to the staff's request (RAI Q440.134), ABB-CE committed to include
the RCGVS as a safety-grade system in the System 80+ TS. This commitment is
acceptable. This was designated as DSER Confirmatory Item 6.7.1-1.

,.

\
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6.7.2 Rapid Depressurization System
9 e

<-

-

-p TheRDSisdesignedasamanuallyoperated[ safety-gradesystemthatremoves
[ steam or water from the pressurizer through two isolation valves in each of

two parallel depressurization lines to the IRWST. The RDS is designed to
mitigate the consequences of a beyond-design-basis event such as a total loss
of normal and emergency feedwater (TLOFW) event.

The RDS valves are closed during normal operation. These valves are motor-
operated and fail in the "as is" position. The valves are designed to be
operated during a station blackout (SBO). Thus, the Class IE dc busses. supply
electrical power to the motor operators (through dc to ac inverters). The

FMEA documented in CESSAR-DC Table 6.7-3 demonstrates that an RDS bleed path

can be established in the event of a single failure in the mechanical equip-
ment or battery banks with total 5B0. This design feature satisfies GDC 17
and 34.

.

The design-basis event for determining the size of the RDS bleed valves is a
( TLOFW event. ABB-CE performed the analysis using a realistic version of the '

CEFLASH-4AS(REM) code with assumed best estimate decay heat values. The

CEFLASH-4AS(REM) is documented in CEN-420. The staff determined that use of-
the realistic version of the CEFLASH-4AS code is acceptable because the RDS is
designed to mitigate accidents beyond the design basis. In the analysis of
determination of the SDS valve size, ABB-CE did not credit letdown, charging,
and pressurizer spray. In the accident scenario, ABB-CE assumed that the

initial RCS power and secondary steam are generated at the rated output. The5a -e v1
primary and secondary + valves open at lift pressures of 17.2 x 103

kPa (2500
psia) and 8.27 x 103 kPa (1200 psia), respectively, and the RCPs trip
10 minutes after the event is initiated. In the DSER, the staff stated that
ABB-CE should justify that a delay time of 10 minutes to trip RCPs is conser-
vative in calculating the required size for the RDS valves. This was desiti- '

nated as DSER Open Item 6.7.2-1.
,

, In the response to DSER Open Item 6.7.2-1, ABB-CE provided in a submittal of
November 24, 1992, and CESSAR-DC 6.7.1.2.1.C.2 (Amendment U), a technical

basis for operator action time of 10-minute. ABB-CE followed the guidance in
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ANSI /ANS-51.1-1983, "American National Standard Nuclear Safety Criteria for
the Design of Stationary Pressurized Water Reactor Plants," and considered a (
TLOFW event as a plant condition 2 event. According to ANSI /ANS-58.8-1984, |

" Time Response Design Criteria for Nuclear Safety Related Operator Actions," a
plant condition 2 events requires at least 10 minutes from a TLOFW initiation
antil four RCPs are tripped. The staff has relied on the guidance in .

ANSI /ANS-58-1984 for approval of TS changes to the Haddam Neck Plant (an |

October 22, 1990 letter from A. Wang of NRC to E. Mroczka of CYAPC). There-

fore, the staff concludes that the assumption of operator action time of
10-minute to trip 4 RCPs in sizing the RDS valve is acceptable. On this

basis, DSER Open Item 6.7.2-1 is resolved.

ABB-CE analyzed two cases (in the response to RAI 0440.22): (1) a TLOFW event

with one RDS bleed path available, two SI pumps operable, and immediate

operator action to open the RDS bleed path after the primary safety valves
(PSVs) open, and (2) a TLOFW event with both RDS bleed paths operable, four SI
pumps operable, and an operator action delay of 30 minutes to open the RDS
paths after the PSVs open. The analysis shows that case 2 is the worst case,

2 2
which requires larger RDS bleed valves, each of 1.95x10~3 m (0.021 f t ), to

meet the acceptance criterion. This criterion requires the minimum level of
mixture water in the RC to remain two feet above the top of the core through

the transient. Since the calculated size of the valve depends heavily on the

computer codes used for analysis, _ABB-CE thus must confirm the capaci4M -t4+f

RDS val _v_e_c.ap.acity_ in the ITAAC_p_to_gtame

In the response to DSER Open Item 6.7.2-2, ABB-CE included an item in the SDS

ITAAC to verify the valve flow capacity. Shop tests measuring the steam flow

through the RDS valve will be performed. As described in CESSAR-DC Sec-

tion 6.7.4.1 (Amendment T), the CEFLASH-4AS(REM) will be used to model the

performance of the RDS. The computer model of the RDS valves will be initial-

ized to predict the same steam flow rate as the vendor. data from shop testing

of the RDS valves. The code will then be used in simulating a TLOFW event.

To demonstrata the adequacy of the RDS design, the calculated results using

the CEFLASH-1AS(REM) will show that the reactor vessel water remains two feet
above the top of the core during the TLOFW event, which is the event used.for

determination of the RDS valve sizes. The staff finds that ABB-CE's tests and (
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t/ f '' analysis are adequate for the verification of the RDS valve capacity. There-

fore, the staff concludes that DSER Open Item 6.7.2-2 is resolved,.

The RDS also performs an important function in mitigating a severe accident.
During a core melt, the system would allow the RCS to be depressurized and
reduce the possibility of a challenge to the containment, such as from direct
gon,t,ainment heating. / \

< *
,

,

In response to the staff's question (RAI Q440.19) on the operator delay time
to open RDS valves for severe accidents, ABB-CE proposed allowing the operator

Oelay time o hours to open the RDS valves after the PSV lif ts for
accident mitigation. The severe accident for determining the operator delay

[ time is a total SB0 including the failure of the onsite alternate ac power
! source, the complete loss of secondary-side heat removal capability, and no SI
3

flow. ABB-CE used Revision 16 of the computer code, MAAP3.B to model the RCS,

the steam relief system and the IRWST. The results demonstrated that a delay
ofhlours by the operator will not violate the acceptance criterion that

3requires the.RCS be depressurized from 17.2 x 10 kPa (2500 psia) to 1720 kPa
(250 psia) before the reactor vessel fails. ABB-CE has confirmed that the
1720 kPa (250 psia) criterion precludes a direct containment heating chal-
lenge. Confirmatory Item 6.7.2-1 is therefore, resolved (see Sec-

_ , _

tion 19.2.3.3.3 for the staff's evaluation for the resolution of this confir-
matory item).

In response to the staff's RAI Q440.20, ABB-CE stated that equipment procure-
ment specifications will define the expected environmental parameters to
satisfy the requirements for equipment survivability. However, ABB-CE did not
submit specific information. The staff asked ABB-CE to submit a discussion of

the specific environmental parameters (such as temperature, pressure, moisture
and radiation) and to submit the guidance for meeting the equipment surviv-
ability requirements during a severe accident. ABB-CE.has submitted an
evaluation and demonstrated that the RDS would be available in responding to
severe accident conditions. DSER Open Item 6.7.2-3 is, therefore, resolved.
The staff's evaluation of the RDS valve operability during the severe acci-
dents is discussed in Section 19.2.3.3.7 of this report.
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Four IRWST a will protect the IRWST from overpressure. These
safety valves are of sufficient size to accommodate the consequences of a DBA
steam release and RDV actuation if the IRWST is not cooled, hr-"
br4akers-will prevent a vacuum from forming in the IRWST ring safety .g .,
injection actuation, containment spray actuation, and n rmal drain down from
the IRWST to the refueling cavity. The low-volume con ainment purge subsystem
will vent:the IRWST during normal fill of the IRWST. -L /

/ f/ d C76M1|> &S to, //
G7|$0

If one or more PSVs or RDVs actuate, steam or water will flow through the main
discharge lines to distribution headers in the IRWST and into the sparger
heads. High-pressure jets of steam will be injected into the IRWST, where it
will be condensed and mixed with the IRWST water. The IRWST, in this case,
will function similarly to the suppression pool in the boiling water reactor
plants. However, in earlier versiens of the CESSAR-DC, ABB-CE did not address
the hydrodynamic loads to the IRWST and SRS. In the DSER, the staff stated

tnat ABB-CE must submit additional information to address this concern. This
was identified as DSER Open Item 6.8-1. In Amendment N of CESSAR-DC, ABB-CE

provided the requested information in Section 6.7.6, " Hydrodynamic Loads on
the Safety Depressurization System (SDS)," and Section 6.8.4, " Hydrodynamic
Loads on the Incontainment Refueling Water Storage Tank." Based on its
analyses, ABB-CE concluded that the loads on the SDS piping and IRWST are
within the design capability of piping and supports for safety relief valve
pip?ng and the design capability of the IRWST structural elements. The staff
concurs with this analysis and, therefore, DSER Open Item 6.8-1 is resolved.

The in-containment water storage system is Safety Class 2. Therefore, it'will

be manufactured, and tested in accordance with the rules of ASME Boiler and
Pressure Vessel Code, Section III.

The piping and instrumentation diagrams for the IRWST include temperature and
level indication, but no pressure indication for the't.ank. Responding to:the
staff's RAI Q440.69, ABB-CE stated that the level instruments that indicate
the IRWST level provide high and low level al Arms in;the-control room. Tiie

diagrar.s reference instrumentation requirements in CESSAR-DC Sehion 7.4s1.3,
which -ACB-CE had not submitted. . .-| ' .;

~
_

-

_

,
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gg50($ temperature indication a/[us[ific/ tion for q[ing cdntainnfent[prpspfpfI 9

f

{[WSipfes[ur[,arevi rawing without the reference to -Section 7.4.1.3{ .

and, a new Section 6.8.3 to define the instrumentation. This completes ths F
information required and,. therefore, is acceptable. 3

,- W'
, Responding to Q440.69, ABB-CE stated that the IRWST 'is designed to meet SRP.. $

Section 6.2.2 and RG 1.82, " Sumps for Emergency Core Cooling and Containment '~

Spray Systems." The staff concludes that the IRWST design and analysis meet'

k@'the requirements of RG 1.82 and SRP Section 6.2.2 as discussed in Sec-
tion 6.2.2.

p*
, ,

Based on the above evaluation, the staff finds the in-containment s ter 00'
' *

storage system acceptable in meeting the applicable guidance of SRP S.4.11,
SRP Section 6.2.2, and RG 1.82. -

,

.
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Table 6.3-1. Safety injection system equipment comparison
- - em.,-,,--

T'd 0 0 Y S L W $ m 80+
High Pressure Safety Injection Pumps Nos. 2 4

Design Flow -L per min (gpm) 3090 (815) 3090 (81.5)
Design Head -m (ft) 869 (2,850) 869 (2,850)

Low Pressure Safety Injection Pumps Nos. 2 0

Design Flow -L per min (gpm) 15,900 (4,200) -

Design Head -m (ft) 102 (335) -

Safety Injection Tank Nos. 4 4

Design Pressure-kPa (psig) 4800 (700) 4800 (700)
3 3Water Volume, Normal -m (cft ) 52.6 (1,858) 52.6 (1,858)

Refuel Water Tank 1 1

Minimum Water Volume -L (gal) 1.90x10' (502,760) 2.07x10' (545,800)
N

Safety injection Discharge Lines cold legs DIV Nozzles on the

Reactor Vessel

\

,
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The design certification includes a description of the design process. The
ITAAC that address software differ from other system ITAAC in that the
acceptance criteria describe attributes of the process to be used to develop
the software and specific attributes of the final software product.

ABB-CE submitted a software development plan (SDP), NPX80-S -0101. 0,
"Nuplex 80+ Software Program Manual," which describes the co te sof e'

development process including hardware integration. This plan has been
,

referenced in the SAR.

The staff reviewed ABB-CE's software development process based on guidance and
criteria in the following standards:

1. American Nuclear Society (ANS) American National Standards Institute

(ANSI)/ Institute of Electrical and Electronics Engineers (IEEE)
Std 7-4.3.2-1992, "IEEE Standard Criteria for Digital Computers in
Safety Systems of Nuclear Power Generating Stations"

2. ANSI /IEEE Std 730-1989, "IEEE Standard for Software Quality Assurance
Plans"

3. ANSI /IEEE Std 828-1983, "IEEE Standard for Software Configuration j
Management Plans" l

4. ANSI /IEEE Std 1012-1986, "IEEE Standard for Software Verification and
Validation"

5. ANSI /IEEE Std 1042-1987, "IEEE Guide to Software Configuration Manage- )
ment"

6. ANSI /IEEE Std 1058.1-1987, "IEEE Standard for Software Project Management
Pl ans" |

l

7. American Society of Mechanical Engineers (ASME) NQA-2a-1990 Addenda,

Part 2.7, " Quality Assurance Requirements of Computer Software for
Nuclear Facility Applications"
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" Software Safety Plans." ABB-CE's SSP addresses the topics described in IEEE
P1228. ABB-CE's SSP addresses the topics presented in IEEE P1228 through '

references to the SDP, and references organizational structure and responsi-
bilities, resources, methods of accomplishment, depth of effort, and
integration of system safety with other program engineering and management
activities. The staff concludes that the SSP is acceptable.

7.1.4.8 Software Development Process

The process for developing and implementing software complies with the
regulatory requirements and industry standards governing those activities.
The process meets both the requirements of 10 CFR Part 50 for I&C systems and
the requirements in the design certification material. The safety-related SQA
program will be implemented by the vendor and evaluated by the NRC in accord
with 10 CFR Part 50 (Appendix B).

ABB-CE's SDP referenced in the SAR describes software development process and

audit activities, which include the plans described in the previous sections.
The staff reviewed ABB-CE's SDP using the standards listed above and confirmed

that the SDP acceptably addresses the planning stage processes shown in
Figure 7.1. The COL applicant will document its actions in the remaining
phases of the software development process. The staff will review these
documents during the ITAAC process audits as the software systems are devel-
oped and implemented.

The computer system development process shown in Figure 7.1 illustrates the
relationship between the implementation of the software-based systsms arid the
NRC staff's ITAAC audits.

The COL applicant will submit the documents listed in Figure 7.1 for staff
audit through each life cycle stage of the development process. Following
each audit, the NRC staff will issue a report documenting the completion of
that ITAAC stage (inspection, test, and analyses) and list open items that
will require resolution. SigntSicant " rc =i nd item ce9 d neaueat tha PC

,

staff frc.? cerf9 min; co'";'letinn nf tho TTyre and thorafnva mmt b_e y/yf,JVc --

resol-ved-before the COL ;pplicant pr4ceeds-te tha navt desian staae. MF
n ey7"

..,

P)*
ABB-CE System 80+ FSER 7-16 February 1994



,

0

,

.

/ N S E ).), f f
1

ignificant unresolved items.could prevent the NRC staff from
confirming completion of the ITAACd. Resolution of these' items may
result in changes to information in software design documents and
materials that have been the basis for certain ITAAC confirmations
made during previous NRC audits or conformance reviews. These
are changed./ quire reconfirmation after the documents and materialsITAACp may re

-.-.
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the Supply of Commercial Digital Computer Hardware and Software To Be Used in

Nuplex 80+ Safety Systems")e. This document is re renced in ABB-CE's SDP.
eten ar e s o/ r*/Pe?*>~ w erf+3 e re/ee J

ABB-CE will pro'cTfPt.nr saf ety-relatea eny4;= , through a commercial dedica-
tion process that the staff reviewed and found acceptable in accord with the
guidance in Electric Power Research Institute (EPRI) NP-5652, " Guideline for ,

the Utilization of Commercial Grade Items in Nuclear Safety Related Applica-

tion (NCIG-07)."

The commercial-grade computer hardware and software items will be incorporated
in safety-related systems through a process that requires:

1. requirements for supplier design control, configuration management,
problem reporting, and change controls

2. reviews of product performance

3. receipt acceptance of the comercial-grade item from the supplier
i

4. final acceptance, based on equipment qualification and software validation
in the integrated system

|

These requirements have been placed into the system ITAACs. Any changes to f
these comitments would involve an unreviewed safety question and, therefore,
require NRC review and acceptance before implementation. Any requested
changes to these comitments shall either be specifically described in the COL-
application or submitted for license amendment after the COL is issued. ;

|
The first aspect of comercial dedication is the use of well-developed 1

operating systems in plant-specific digital systems. ABB-CE states that
proven technology will be employed in the design and development of the |
System 80+ I&C systems. ABB-CE's criteria for component service is that the
component has been in service for at least 3,,000 operating years and in the
field at least one calendar year. The staff finds this requirement acceptable ]

''

based on similar requirements in the EPRI Utility Requirements Document (URD)
,

for ALWRs. The stated goal, to which both the staff and ABB-CE agrees, is to )
use the best available technology without using unproven designs. ]

ABB-CE System 80+ FSER 7-18 February 1994
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7.2 Reactor Protective System

i

7.2.1 Discussionr

The PPS consists of the equipment necessary to monitor selected plant condi-
tions and to actuate a reactor trip and ESF components. The two major
subsystems of the PPS are the RPS and the ESFAS. The RPS is described in this

section. The ESFAS is described in Section 7.3.

The RPS will rapidly shut down the reactor when certain plant conditions 3

approach safety system set points. The RPS is segregated into four completely
independent channels consisting of sensors and transmitters, signal condi-
tioning, bistOle logic, core protection calculators (CPCs), local coincidence
logic (LCL), and initiating relays. Safety-related, independent sensors in
each channel will be continuously monitored to provide signals that are
processed by the PPS in the following se.quence of functions:

1. An auxiliary process cabinet (APC) in each channel receives that
channel's sensor signals and converts the A20 M sensor signals to
0-10 V (analog).

,,4,u c ie ce,/-eA.c
2. The APC transmits the converted analog sianals by %+%d Sta lirik to

two redundant bistable programmable logic computers (PLCs) in the same
channel, or to two redundant CPCs (32-bit minicomputers) in the same -

pwt
channel, depending on the signals.

pn eenses
3. The bistable Etes first convert the analog input signals to discrete

digital signals and then compare the signals to the appropriate
setpoints. Theggulting signal is a binary value: trip or no trip.

The bistable'.BLGs also transmit the digitized signals to the discrete
indication and alarm system (DIAS) and the data processing system (DPS) I

by fiber-optic data link for processing and display. In the initial
CESSAR-DC, ABB-gid not describe the hardware and software design of
thebistab[hWsinsufficientdetail(DSEROpenItem7.2.1-1). ABB-CE

later submitted the following discussion.
.

!

|

|
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Inuort 7.2.1 Item /2

. . . .one or both bistable processors and /or thet CPC within the same
channel. The bistable processors utilizo Programmable Logic
Cu' troller (PLC) technology. The CPC uses 32 bit minicomputer
tu,J nology.

1

|

i

|
|
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)G, ba iadh /vwe.uert -|
%dendank"1 in each channel add reliability to each channel bistable
function. Each bistable processor is assigned process measurements for
comparison based on an analysis of transients in relation to the
mitigating process. When multiple process measurements are available for
monitoring a transient, they are assigned 'o different bistable
processors. The design integrates various system components, features,
and functions into a microprocessor-based unit that performs the entire
trip function.

As stated above, analog input sip,na,lga,re directed to analog input
modules (AIMS) within the bistable fle, where the signals are converted
from analog form to digital form. The AIMS include self-test and
automatic calibration features to eliminate the-need for periodic
calibration of inputs. Calibration of each bistable input is performed
against a precision reference voltage . source co ained in each module.

er n re o m men rwThis reference voltage source requires an 'r aeannua calibration, Drift
between calibrations is detected by comparing across channels. Common
mode drift is detected within the DPS by comparing validated values from
the DIAS for postaccident monitoring (DIAS-P) and DIAS for normal .,
monitoring (DIAS-N) systems. ~

Digitized analog values are automatically reported to the bistable
1

central processing unit (CPU) during each PLC scan cycle. Within the
bistable CPU, a comparator algorithm determines the pretrip and trip
output states. Each output state is determined by comparing the
digitized process (from the analog-digital (A/D) converter) to the
setpoint (pretrip and trip) from the setpoint algorithm.

en.inteeryt/r*ven).

The PPS software is deterministic (i.e., repetitive and wi+h na i-+ %
,rups) to ensure predictable system performance and response under all
conditions.

Software is divided into two major categories: operating system software
and application software. Operating system software consists of the PLC
processor operating system, input / output (I/0) handling, communications,
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The RPC prevents a DNBR or LPD trip. The TLCs use the most conservative
insertion penalty factor in the DNBR and LPD trip algorithms. If the RPC
does not result in sufficient thermal margin, a DNBR trip or a LPD trip,
or both will be generated.

If a CEAC is out of service, the TLCs will use the available CEAC penalty
factors to generate the CHI, RPC, and reactor trip signals. The CEDMCS

also initiates CMI and RPC signals when a CEACs is out of service.

7. The results of the CPC calculations are compared to the corresponding set
points for low DNSR and high LPD. The results of the comparisons are
binary values, trip or no trip, which are transmitted to the channel's

ntLCLPLIs.ac..
6

8. The signals sent to the other channel redundant LCLs are transmitted by
fiber-optic data link to ensure signal isolation.

9. A channel parameter may be bypassed for testing or maintenance from the
local operator's module in the channel's PPS cabinet or from the PPS

channel operator's module in the MCR. The bypass information is sent by
fiber-optic data link to the interface and test processors (ITPs) in the
four PPS channels. The ITP receives the bypass signal from the MCR or
the channel PPS cabinet and receives the bypass status from the other
three channels through fiber-optic data link.

10. The LCL PLCs in the four channels use the bypassed parameter status
information to process the signals from the remaining channels in a
two-out-of-four logic for no channels bypassed or a two-out-of-three
logic for one channel bypassed. Once a parameter is bypassed, the
interlock logic in the LCLs prevents another channel from also bypassing-
that signal. If the same parameter in another channel must be taken out
of service for riintenance, that channel parameter is placed in trip
status, which places the remaining parameter in a one-out-of-two trip
state

l

|
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11. Upon detecting a two-out-of-four trip state (or two-out-of-three trip
state when a channel is bypassed), the channel's " ' t LCL PLCs send,
the resulting trip signals through the initiation relays by har4wteed docred

e .,, /ye /e s dat link to the channel's dedicated undervoltage trip circuit breaker
and shunt trip circuit breaker.

12. The appropriate trip signals also pass through hardwired data link to the
ESF initiation relays, which transmit signals through fiber-optic data
link to each of the ESF LCL PLCs that process the corresponding trip
(e.g., CSAS, SIAS, MSIS).

:

13. The coincidence signals are used in actuating the RTSS or ESF-CCS.

14. An ITP in each channel fJ the RPS monitors, tests, and controls the
operational state of thek'The ITP also provides fiber-optically
isolated RPS channel status and test results information to the DPS and
the DIAS.

15. The RPS trips the reactor on the following conditions (the trip processor
is in parentheses):

variable overpower (PLC)*

high logarithmic pwer level (PLC)*

high local power density (CPC)*

low departure from nucleate boiling ratio (CPC)*

high pressurizer pressure (PLC)*

low pressurizer pressure (PLC)e

low steam generator water level (PLC)e

low steam generator pressure (PLC)*

high containment pressure (PLC)*

high steam generator water level (PLC)*

low reactor coolant flow (CPC)*

manual trip (hardwired)*

16. The actuation logic for the RPS interfaces with the undervoltage and )
shunt trip relays in the RTSS. The CEDMs receive power through the RTSS
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in two parallel lines from two independent, full-capacity, motor-
generator (M-G) sets _ connected in parallel. Each line passes through

two trip circuit breakers in series (each actuated by a separate j
initiation circuit), so that, although both sides of the branch lines

I must be deenergized to release the CEAs, each side of the line can be
interrupted by two separate means. The reactor trip circuit breakers
trip the reactor if signals from Channel A or Channel C coincide with |

'

those from Channel B or Channel D (two-out-of-four coincidence). When
the trip circuit breakers are tripped open, power is interrupted to the
CEDMs, thereby releasing the CEAs to drop into the reactor core ard shut
down the reactor.

An operator can trip the reactor manually by actuating two adjacent
switches in the MCR to interrupt the ac power to the CECMs. Either of

| two independent sets of trip pushbuttons will cause a reactor trip, as
will manual reactor trip switches at the reactor trip switchgear.

17. The non-Class IE alternate orotection system (APS) provides separate and
inp acro %diversereactorandEFWtrlplogic. The APS is described in {

>

Section 7.7.

Section 7.1 describes the acceptance criteria and guidelines for the RPS.
Acceptance criteria for the review of the RPS are based on the system design
meeting the relevant requirements of 10 CFR Part 50 and the applicable general
design criteria (GDC) listed 10 CFR Part 50 Appendix A.

7.2.2 Conclusions

The RPS includes features that limit reactor fuel, fuel cladding, and coolant
conditions to plant and fuel design limits. The system provides pre-trip
alarms and trip actions that are within CESSAR-DC Chapter 15 analyses assump-
tions. ABB-CE has committed to ensure that instrument inaccuracies, bistable
trip times, CEA travel times, and circuit breaker trip times are considered in i

the design of the system. The staff reviewed the ITAAC to verify that the
functional requirements are addressed acceptably in CESSAR-DC Chapter 15 |
analyses. The staff finds the ITAAC to be acceptable. I

|
!
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k?Y
System 80+ plant would be brought into safe cold shutdown conditions. The CMF

analysis took credit for operator actions within 15-30 minutes of the event
initiation.

To monitor the status of essential safety parameters, the DIAS-P displays and
processors is hardwired directly from the APCS, except for the core exit
temperatures, the reactor vessel level, and the subcooling margin monitor
(SMM), which are obtained from the postaccident monitoring instrumentation
(PAMI) computer. Figure 7.2 depicts this configuration. The DIAS-P and the

back-up ESF systems include a set of displays and controls that are indepen-
dent and diverse from safety-grade computer systems.

The design includes back-up controls dedicated for manually and independently
actuating ESF systems through a dedicated link that bypasses all data links,
network communications, and all computers with large software applications.
Switches on the main control panel (MCP) in the MCR enable operators to#

actuate two trains of SI and one train each of containment spray, EFW, closure 1

of mainsteam isolation valves, closure of containment air purge valves, and
|

closure of a letdown isolation valve. Figure 7.3 is a schematic of this |
configuration. l

A control signal from each switch is directed to loop controllers (LCs) at the
'

lowest level in the digital control path. The LCs are progrannable logic
controllers that send signals to switchgear in motor control centers and

|

$ electrical distribution panels that control plant components. Under normal
conditions, the LCs provide signals to plant components in response to digital
signals received through the communication network. The dedicated manual

signals actuate plant components by overriding the input data received from
the network interface.

c2/Aflhis override feature is reliable because the software in the requires
less than 6 kilobytes of memory and is completely deterministic. ABB-CE
committed to test the LCs that have the override logic to ensu e that a CMF of
the protection system software will not prevent the dedicated ignals from
actuating their associated ESF functions.

m

(g: e. ref-7%e - u / m - <'nby'7

doaven)
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The control building consists of the MCR, the technical support center (TSC),
the computer room, the electric switchgear rooms, offices, and mechanical
support equipment areas.

Instruments for the air conditioning systems provide controls and indications
of the temperature and radioactivity levels of the areas sensed. Early-
warning ionization-type smoke detectors are located in the supply, return, and
outside air ductwork serving the control room area / ventilation system.

m ismen
(aW)

Equipment in harsh, environments will be qualified,in accordance with the
requirements of IEEE 323-1974, RG 1.89 (Rev.1), " Environmental Qualification
of Certain Electric Equipment Important to Safety for Nuclear Power Plants,"
and IEEE 344-1975, "IEEE Recommended Practices for Seismic Qualification of
Class 1E Equipment for Nuclear Power Generating Stations." The harsh environ-

ment includes temperatures from 43 *C (110 'F) to 204 *C (400 *F), a
saturated /superheated steam / air mixture, radiation total integrated doses

5 7 e 8(TIDs) up to 4 x 10 Gy (4 x 10 rad) gama and 2 x 10 Gy (2 x 10 rad) beta, )
and ppm boric acid followed by a Ph of 7.0-8.5 after 4 hours using
disodium phosphate. ABB-CE states that no new harsh environment equipment

will be required for the ABB-CE 80+ designgbey nd that which has been previ-
ously qualified for the System 80 (PaloMrde) design. No digital equipment,a

such as remote field multiplexers (RFMs), will be located in the harsh
-!

environment. Since the portion of the sensor channels that will be subjected j

to the harsh environment consists of sensors and wire leads, this comitment
is acceptable. An environmental qualification ITAAC will verify that ABB-CE
meets this commitment. 'I

|

The staff reviewed the identification of the RPS systems and components
designed to survive the effects of earthquakes, other natural phenomena,
abnormal environments, and missiles. The staff concludes that ABB-CE has
identified those systems and components consistent with the design bases for
those systems. The identification of these systems satisfies this aspect of
GDC 2 and 4.

The COL applicant will type test components, verify acceptable separation of
sensors and channels, and confirm qualification of the cabling by the site
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resistance. The staff believed that, when in service, reactor trip breaker
trip attachments could be jammed without racking out the breaker and thus
without causing a trip or alarm. EPRI's URD Chapter 10 Section 8.3.4.3

specifies consideration of features in the design of reactor trip breakers or
their enclosures which make it difficult to tamper with the breaker in a

j

f manner that would prevent the breaker from tripping. Although conformance to
I the VRD requirements is not mandatory, the Commission has asked for informa-

tion on an applicant's reasons for deviations from the URD. The staff
concluded that ABB-CE should address this URD requirement. Tamper resistance

i

of reactor trip breaker enclosures was an open item that required resolution
for the staff to complete its review (DSER Open I+em 7.2.2.23-1).

By Amendment J, ABB-CE added CESSAR-DC Section 8 to Appendix 13A, "Instru-

mentation and Control Features for Sabotage Resistance." This section 4

describes the sabotage resistance. The PPS includes the reactor trip breakers
in rooms to which access is controlled. Within each room, cabinets that ;

contain safety-related equipment are locked and annunciate an alarm in the
control room when entered. ABB-CE stated that the reactor trip switchgear
cabinets are designed such that access to the internals of the reactor trip 1

breaker is not possible without racking out the breaker, and that a reactor
trip circuit breaker cannot be racked out without causinfa da'[6r Irip.
This design precludes interference with the reactor trip function by attempts
to jam the reactor trip circuit breaker. DSER Open Item 7.2.2.23-1 is

resolved.

SAR Section 7.2.1.1 did not classify the RPS as a vital system. The staff
considers the RPS a vital system; therefore, as required by 10 CFR 73.55(c),
access to all RPS components required to trip the reactor should require
passage through two barriers. (Locked security doors controlling access
between two adjacent vital areas are not needed if access to each vital area

is otherwise controlled.) This was designated DSER Open Item 7.2.2.23-2. In

a submittal dated April 30, 1992, ABB-CE amended CESSAR-DC Section 7.2.1.1 to

designate the RPS as a vital system. Open Item 7.2.2.23-2 is resolved.

ABB-CE System 80+ FSER 7-41 February 1994
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7.3 Enaineered Safety Features Actuation System

7.3.1 Discussion

The ESFAS actuates plant systems to terminate or mitigate plant transient
conditions after a plant upset. The ESFAS consists of the electrical and
mechanical components for generating the signals that actuate the ESF systems,
and that send the signals to the processors and equipment in each system in
the ESF-CCS.

The bistable trip functions and coincidence logic in the PPS and component
control logic (CCL) in the ESF-CCS generate the required comparient actuation
signals. The control circuitry for the components generates the necessary
signals to control the ESF-CCS. The ESFAS generates the following signals:

containment isolation actuation signal (CIAS)*

containment spray actuation signal (CSAS)*

main steam isolation signal (MSIS)e

safety injection actuation signal (SIAS) '*

emergency feedwater actuation signal (4S/45)e

LCL in the PPS consists of full two-out-of-four coincidence logic which sends
actuation signals to the ESFAS initiation relays, which connect with the
ESF-CCS selective two-out-of-four logic. These actuation signals generate the
PPS permissive signals for automatic ESF component operations. Each signal in )
the actuation logic also sets a latch when the two-out-of-four coincidence is

1

attained to ensure that the signal is not automatically reset once it has been |
initiated. This feature is acceptable.

|The ESF-CCS consists of four independent divisions (A, B, C, and D), except
for the CIAS and the MSIS, each of which consists of two independent divisions- 'l

(A and B). Each division has primary and Nry processors. The primary#

processor controls the functions of the ESF-CCS. The"sbhkprocessor
tracks the primary processor. If the primary processor fails, a redundancy

|
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J&O
controller automatically transfers control to the secondar) processor if the
secondary processor is available. This design meets the requirements for
independence, redundancy, and reliability,

Grov C,,,tr.ller>Gtey
- r e g-.

p
Each division consists of a givision maste _egment and multip(,e wbgra"a
mant.s (Al through An). Each segment contains redundant PLC processors, local

and remote multiplexers, and the necessary communications linkages. The
62 m eHer ft

hoivisionmaM,segmentsupportspGFgGrefM. betreavo ht .rw$4
g

h ..c ecaponent wiirul
d *f

switchc4-.and4he operator's moduley, the inte&y/rs stem communication data links,n ,cm ca .

and a maintenance and t st panel. Each dbarcup segment supports component cafe./im$
andlc_<-so, anr e ,h./.rwm.selateo proce n controllers.and data acquisition 1

Local and remote multiplexing is incorporated in the ESF-CCS to reduce plant
wiring requirements. Remote multiplexers are located in the MCPS, the RSP,
and the remote multiplexer cabinets near plant components and instrumentation.
Fiber-optic cable provides isolation where it is required to meet the channel
independence criteria of IEEE 279-1971, IEEE 603-1980, "IEEE Standard Criteria

for Safety Systems for Nuclear Power Generating Stations," and IEEE 384-1977,
"IEEE Standard Criteria for Independence of Class IE Equipment and Circuits."
This design for independence is acceptable.

Local and remote multiplexing can enhance data comunications capabilities,

although multiplexers cg ma,kg t,h,e stemyre vulnerable to comon-mode
multiplexer failures. ABB-CEdust' address,multiplexervulnerabilities.

.hy- (1) cvaluetiny in9|rquality multiplexci a Lii.t e,eet thz requiresienis of
dndustrial standaius,-(2) tressia; "ulnerabil;t;u. is-C| ifs, end (2) casur-ing
adequate defense in depth by censidering the u:0 cf hudWed ettential
s-ystemsrcentic1. that- ' ypass ihc multiplexer aci uds. Section 7.1 discussesu

CHFs and defense in depth. ABB-CE will procure the safety-related multiple-
xers through a comercial dedication process that has been reviewed by the
staff and has been found to be acceptable as discussed in Section 7.1.

Comercial-grade computer hardware and software will be used in the safety-
related systems through a process that requires:
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l. requirements for supplier design control, configuration management,
problem reporting, and change controls

2. review /ofproductperformance

3. receipt acceptance of the commercial-grade item from the supplier

4. final acceptance, based on equipment qualification and software validation
in the integrated system

These requirements have been placed into the system ITAACs. Any changes to

these commitments would involve an unreviewed safety question and, therefore,
require NRC review and acceptance before being implemented. Any requested

changes to these comitments shall either be specifically described in the COL
application or submitted for license amendment after the COL is issued.

The staff finds ABB-CE's commitment to implement a commercial dedication
process as part of the ESF-CCS ITAAC to be acceptable, and DSER Open

Item 7.3.1-1 is resolved.

The data comunications networks are multidrop networks. They use active
redundant cabling to maintain multiplexer interface operability should a
single cable become inoperable. Communications with each ESF-CCS division are

controlled by an intradivision communication network (ICN), which includes
redundant cables to maintain intersegment communications should a single cable
become inoperable. Hardware failures are annunciated to minimize the time
required to repair or replace the defective module. This redundancy is
acceptable.

For component control, each measurement channel is separated f rom the other 1

three measurement channels to physically and electrically separate the signals
to the ESF control logic. Cabling is separated within the cabinets, and
signals to non-Class lE systems are . fiber-optically isolated. Each channel is !
supplied from a separate 120-V vital ac distribution bus. The independence
and isolation are acceptable.

|

|
l
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ABB-CE committed to develop system software in accordance with RG 1.152 (which

endorses ANSI IEEE/ANS-7-4.3.2). The staft verified the adequacy of the
software development process while reviewing the ITAAC. Software issues are
discussed in Section 7.1. Any changes to these commitments would involve an

unreviewed safety question and, therefore, require NRC review and acceptance
before being implemented. Any requested changes to these commitments shall
either be specifically described in the COL application or submitted for
license amendment after the COL is issued.

TheESF-CCSge des pystem-level selectige tgu,t-of-four logic for ESF
actuations, subgroup,controlf'ogic,(

,

CCL, selective group test (SGT)
logic, and diesel loading sequencer (DLS) logic.

Gu <y.42
The SGL' controls subcpettps of components. ESF functions are assigned to
individual subgroup segments within each ESF-CCS division. For example, the
SIS and the emergency feedwater system (EFWS) for steam generator 1 (EFW-1)

are assigned to ESF-CCS subgroup segment 1, the containment spray system (CSS)
and EFW-2 are assigned to subgroup segment 2. Functional assignment limits
the effect of a single segment failure to ESF functions in a division. This
segmentation is acceptable.

Functional assignments are further segmented within each ESF-CCS subgroup
segment. For example, SIS and EFW-1 components and instruments for SIAS and

EFAS-1 are assigned to separate input modules within a multiplexer to limit
the effect of a single multiplexer or module failure to selected ESF functions i

within a division. ESF system interfaces are also confined within subgroup
segments to minimize reliance on the ICN for ESF operability. For example,
SIAS initiation signals and SIS component and instrument interfaces are

4

confined to subgroup segment 1. Failure of the ICN, therefore, would not
affect SIS operation. The staff finds the independence and redundancy to be
acceptable.

I

I
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Process controllers are supported where required from ESF-CCS subgroup seg-
ments to enable the operator to control continuous procuss control functions
(such as valve modulation and auto / manual mode selection). This design ,

satisfies the criteria of IEEE 279-1971. 'l

Each ESF-CCS equipment cabinet includes a maintenance and test panel. The.
1

operator observes this panel for ESF-CCS equipment status and uses it for |

ESF-CCS maintenance, testing, and diagnosis. Each panel includes a master. |

transfer switch (MTS) for transferring control from the MCR to the RSP. Each

component is preprogrammed to remain in its current state or go to a predeter- I

mined safe state when the MTS is actuated. The staff accepted ABB-CE's |

commitment in the DSER to install redundant MTSs near the MCR exits and at the |

RSP. This was a confirmatory item. The SAR did not include sufficient design
information for the staff to determine the adequacy of the MTS design. The

lack of detailed information of the MTSs was designated DSER Open

Item 7;3.l g. ABB-CE submitted a more detailed design description in response

to this operr item. The staff reviewed the HTS design as discussed in
Section 7.4.6.

Setpoint values are administrative 1y controlled and automatically monitored
continuously. The fixed setpoints are adjusted at the PPS cabinet. Access
for setpoint adjustment is limited by keylock with the access annunciated by
the DIAS. The setpoints may be displayed at the PPS cabinet and through the
DPS cathode ray tube (CRT) displays in the MCR.

The components of each ESFAS are segregated into functional groups, such as a
valve group and a pump group. The operator in the MCR performs ESFAS selec-
tive group testing. This testing overlaps the PPS automatic testing of the
ESF-CCS selective two-out-of-four coincidence logic and includes complete

testing of the ESFAS through to the actuation of the group components.
Testing is conducted one group at a time, thus preventing the undesired actua-
tion of an entire ESF system during testing. Since this testing causes
components in a group to actuate, an ESFAS signal from the PPS will not be
impeded and the ESF system will be fully actuated regardless of the testing
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Auxiliary and supporting systems for the safety-related !&C system cause a
system-level bypass indication when these systems are bypassed or deliberately

made inoperable. A bypass indication is provided for the safety-related
system affected by the bypass. This indication of bypassed systems satisfies

IEEE 279-1971. .

The bistable trip channel interlocks for ESFAS, located in the PPS, prevent
the operator from bypassing more than one trip channel or a trip parameter at1

a time. Different trip parameters may be bypassed simultaneously, either in
the same channel, or in different channels. If a complete channel is disabled
such as loss of a vital power supply, the operator will manually bypass all
trip bistables for that channel, thereby rendering that channel bypassed.
Tnis is a manual action from the operator's control panel.

The operators receive the bypass status on displays in the control room, and
through displays on the DPS. This satisfies the guidance in RG 1.47.

During PPS testing, interlocks prevent disabling of more than one redundant
protection function at a time and prevent maintenance personnel from inadver-
tently causing unwarranted ESFAS signals. The bypasses satisfy IEEE 279-1971.

7.3.5 Redundancy

Circuits in the four PPS channels initiate four independent channels for each

parameter from the process sensor. Four redundant ESF-CCS divisions operate

four (or two) completely redundant ESF trains. Redundant components of the ;

engineered safety system are assigned to redundant ESF-CCS divisions to
maintain the desired level of design redundancy.

Redundant flow paths in the system design ensure cooling capability under i

single-failure conditions. These flow paths are assigned to different |
divisions of the ESF-CCS to maintain flow availability under single-failure |

conditions within an ESF-CCS division. |
.

any
A redundant flow path containf two valves in series to preclude spurious flow
initiation upon single failures. Each valve is assigned to an independent

ABB-CE System 80+ FSER 7-56 February 1994
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testing is subject to the staff's acceptance of the TS. This was designated
DSER Open item 7.3.7-1. Staff acceptance of the TS is discussed in

10ac4n.|,Chapter 16. H is n% u

During reactor operation, the DIAS and the DPS continuously monitor the
sensors to detect sensor failures or degraded sensor signals. Section 7.2

includes additional details regarding sensor signal validation and bistabie
trip testing. The DPS performs additional testing of the bistable functions
for the process control setpoints and alarms.

The DPS continuously monitors set points and activates alarms upon finding
excessive setpoint deviation between redundant channels. While testing
selected groups, operators periodically verify PPS bistable trip accuracy and
interlock performance by manually varying the digital interlocking parameter
from the operators module in the MCR. Analog-to-digital conversion accuracy
is also periodically verified at the operator's module during sensor testing.
The overlap of testing enables operators.to verify PPS bistable trip accuracy
and interlock performance.

The PPS test function automatically tests the initiation logic for each
engineered safety system to determine its ability to generate an initiation
signal . Testing begins by interrogating the status of the input signals to
the logic and the state of the output. The test function compares the value
of the output signal with the value of the input signal. Discrepancies are
annunciated and a message is provided to the operator to describe the error.
If there is no discrepancy, the testing function continues. Based upon the

known inputs, the testing function will generate combinations of input signals
and monitor the outputs of the logic for correctness. The testing function
cannot change a genuine coincidence signal.

Testing is performed one channel at a time to avoid ' inadvertently actuating
equipment with the testing function. This testing is done with the ESFAS
initiation relay testing.

.

The ESF-CCS actuation logic is a selective two-out-of-four circuit controlled
Theseby signals from the initiation relays from the four PPS channels.
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of an ESF system. Since this testing causes ESF components to actuate, an
ESFAS signal from the PPS will not be impeded, and the ESF will proceed to

I full actuation.

1

The diesel load sequencer may be tested while the DLS is on line. During
normal operation, all output control signals are disabled, allowing all logic

,

functions to be tested without disturbing plant equipment. The outputs become

enabled automatically when a valid initiation signal is received. '

Consequently, testing may be conducted without impeding load sequencer
operation in the event of a station black-out condition. There are three
distinct test phases: automatic testing, input testing, and load shed
testing. ABB-CE's testing processes satisfy the criteria of IEEE 279-1971.

7.3.8 Vital Instrument Power Supply

Chapter 8 discusses the vital instrument power supply design. ,

7.3.9 Actuated Systems

The ESF systems are maintained in a standby mode during normal plant opera-
tions. The ESFAS generates actuation signals to ensure that the ESF-CCS |

7 Q/. J. /0performs the required protective actions. In SAR Section .3.9, ABB-CE

briefly described the I&Cs of each ESF system. The staff reviewed the ESF
system actuations for the design-basis events and the monitored parameters
required for ESF systems actuations.

7.3.9.1 Containment Isolation System

i
1

The containment isolation system enables the CIAS to isolate fluid systems
that pass through containment penetrations so that any radioactivity released
into the containment after a DBA will be confined within the containment. A
high containment pressure signal or a low pressurizer pressure signal sends a
CIAS and sends a SIAS.

Valves that must be isolated following a CIAS are installed with either air-
operated controllers or motor-operated controllers. Air-operated valves fail
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The CHRS prevents the concentration of hydrogen in the containment from
reaching flammability livits after a design-basis LOCA. The CHRS may be
manually initiated upon indication of high hydrogen concentration. The DPS
monitors hydrogen concentration and sends the information to the operators in
the MCR and at the RSP for viewing on the DPS CRT displays. ABB-CE did not
state in the DSER whether hydrogen concentration is provided as a Class IE.
alarm. The staff initially determined that this system should be Class E as
required in IEEE 279-1971 (DSER Open Item 7.3.9.6-1). Emergencypfeege
require the hydrogen recombiners to be connected and activated withinJri urs

of a LOCA, which is before reaching the high hydrogen concentratib@ oint
for design basis events. The hydrogen recombiners then operate continuously.
Since the operator is not required to operate the hydrogen recombiners after
they are actuated, (e.g., upon detecting a high hydrogen concentration) no
operator action is required to perform this safety function after the
recombiners have been actuated. Consequently, the staff concludes that the
alarm on high containment hydrogen is not required to be a Class IE alarm.
This closes DSER Open Item 7.3.9.6-1.

7.3.10 Conclusions

At the time that the DSER was completed, the staff lacked sufficient design
information to conclude that the ESFAS and ESF-CCS met the relevant require-
ments of GDC 2, 4, 20 through 24, 34, 35, 3B, and 41 and IEEE 279-1971 (as
required by 10 CFR 50.55(h)). The staff noted that a significant portion of
the system design is software-based, and could not be reviewed. Subsequently,

the staff evaluated software aspects of the system design as part of ABB-CE's
ITAAC submittal. The staff verified that other portions of the ESFAS and

,

ESF-CCS design meet the relevant criteria based on the following.

The staff reviewed the ESFAS and ESF-CCS for conformance to the applicable
'

regulatory guidelines in Section 7 of NUREG-0800 (SRP) 2nd found reasonable
assurance that the systems will conform to the applicable guidelines.

The staff also determined which systems and components of the ESFAS and

ESF-CCS are designed to survive the effects of earthquakes, other natural
phenomena, abnormal environments, and missiles. ABB-CE designed these systems
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1

The staff reviewed the design of the ESFAS and plant operating control
systems, found that no portion of the EFAS is used for both protective and
control functions and signals sent from EFAS to other systems are isolated
through fiber-optic cables for signal transmission. Therefore, the staff
concludes that the ESFAS satisfies the requirements of IEEE 279-1971 with
regard to control and protection system interactions. The staff concludes.
that the ESFAS satisfies the requirements of GDC 24. !

The staff concludes that the ESFAS design satisfies the requirements of 10 CFR

50.55(h) and IEEE 279-1971.

i
1The staff evaluated the ESF-CCS for conformance to the requirements for

testability, operability with both onsite power and offsite power, and single
failures consistent with the GDC applicable to these systems. The staff
concludes that the ESF component control systems are independent and satisfy
the single-failure criterion and, therefore, meet the relevant requirements of
GDC 34, 35, 38, and 41.

i

The staff reviewed the dependence of the ESFAS and ESF-CCS on the availability |
of the essential auxiliary supporting systems and concludes that the designs
of the ESFAS and ESF-CCS are compatible with the functional performance
requirements of the supporting systems. The staff, therefore, concludes that
the interfaces between the design of the ESFAS and ESF-CCS and the design of

Ithe essential auxiliary supporting systems are acceptable.

All portions of the ESFAS and Eg-jC,5 dgigga,r,e 3c, eptab,1,e,.gcep3 f3r]hg,,

detailed design of the d[gini utJ systemMW " &sses Dy Ine relevant |

ITAAC (Section 7.1). ABB-CE resolved the possibility of CMF in digital
systems and acceptable diversity in digital systems. The staff reviewed
ABB-CE's diversity analysis, and found the analysis to be acceptable.

.

ABB-CE addressed multiplexer vulnerabilities by (1) evaluating high-quality I

multiplexers that meet the requirements of industrial standards, (2) assessing
vulnerabilities to CMFs, and (3) ensuring adequate defense-in-depth by

,

i

|
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7.5.2.4 Control Element Assembly Position Indication

.

The pulse-counting CEA position indication system and the reed-switch CEA position-
!indication system are two diverse, independent CEA position-in'ication systemsd

'that give CEA position information to the operator. .

The CEDMCS receives automatic CEA motion demand signals from the

- reactor-regulating system (RRS) or manual motion signals from the,CEDMCS-

operator's module and converts these signals to de pulses that are transmitte

to the control element drive mechanism (CEDM) coils to cause CEA motion. The-

CEDMCS counts these pulses to infer the CEA position by electronically.

monitoring the mechanical actions within each CEDM to determine when a CEDM

has raised or lowered the CEA. Section 7.7 discusses the pulse-counting |

system.

T

A series of magnetically actuated reed-switch position transmitters (RSPTs) in

the reed-switch CEA position-indication system send signals representing CIA
e

position. Two independent reed-switch assemblies monitor each EApeegr. The

RSPTs send an analog. position-indication signal and three physically 59arate i
l

discrete reed-switch position signals. The analog position-indication system
|

includes a series of magnetically actuated reed switches spaced at 3.8-cm u

(1.S-in.) intervals along the RSPT assembly with precision resistors between

the switches. These switches form a voltage divider network. TheiRSPT is !

adjacent to the CEA extension shaft and actuating magnet.. - The analog output

signal is proportional to the CEA position within the reactor core.
.
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The staff finds acceptable the means by which ABB-CE has addressed

environmental monitoring requirements for the DIAS and DPS. This resolves

DSER Open Item 7.5.3-2. The HVAC design is acceptable and discussed in

Chapter 9.

cm&mi
ABB-CE committed to qualify equipment in harsh, environments in accordance with

the criteria of IEEE 323-1974, "IEEE Standard for Qualifying Class IE

Equipment for Nuclear Power Generating Stations"; RG 1.89, Revision 1,

" Environmental Qualification of Certain Electric Equipment Important to Safety

for Nuclear Power Plants"; and IEEE 344-1975, "IEEE Recommended Practices for

Seismic Qualification of Class IE Equipment for Nuclear Power Generating Sta-

tions." The harsh environment is defined as including temperatures from 43 *C

(110 'F) to 204 *C (400 *F); a saturated and superheated mixture of steam and
5 7air, radiation TIDs up to 4 x 10 Gy (4 x 10 rad) gamma and 2 x 10' Gy (2 x

ffes .
810 rad) beta, and)40' ppm boric r.cid followed by a pH of 7.0-8,5 after

4 hours using disodium phosphate. ABB-CE stated that no new harsh environment

equipment will be required for the System 80+ design beyond that previously

qualified for the System 80 f P.akr1TeFde) design. This qualification conforms |

to the requirements of GDC 2 and 4.

The information systems important to safety conform to the guidelines for

instruments to access plant conditions during and after an accident, as stated

in ANSI /ANS-4.5-1980, " Criteria for Accident Monitoring Functions in Light-
i-

Water-cooled Reactors," as supplemented by RG 1.97.
,

1

The design includes redtindancy for both the instrument channels supplying the

signal and for the displays in the control room for Category 1 variables.

ABB-CE System 80+ FSER 7-108 February 1994



Instrument channels are electrically independent and physically separated from

each other and from non-safety-related equipment by qualified isolation

devices. The DIAS-P and DIAS-N displays give credited redundancy for the

display of Category 1 variables. These displays are electrically independent

and physically separated. The DPS also presents each Category 1 variable to

avoid TS limitations for conditions when a DIAS channel is out of service.

The DPS is physically separated and independent of both DIAS channels.

Independent Class 1E power busses supply power for each redundant Category I

sensor instrument channel, up to and including the channel isolation devices.

The DIAS-P processing units and displays are powered from the isolated

ClassIE, battery-backed, hand instrument buses. The DPS is powered from

non-safety-related, battery-backed computer buses. The Category 2 variables

are displayed on DIAS-N and DPS with power supplies from the non-safety-

related instrument buses and computer bus, respectively. Both are battery

backed. The instrument channels are powered from the X or Y instrument bus.

The redundant information systems conform to the guidelines for the physical

independence of electrical systems in RG 1.75.

The ranges of the Category 1 indicators conforms to the ranges specified in

RG 1.97. Where the required range of the monitoring instruments results in a

loss of sensitivity during normal operating conditions, ABB-CE will install a

separate instrument channel. The sensor instrument spans and setpoints |
_

conform to the guidelines of RG 1.105.

The staff reviewed the s'ystems for which a bypassed or inoperable status- is

indicated in the control room. The list of systems includes all of the ESF
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connections between redundant or diverse safety systems where such connections

exist for testing or maintenance. These indications satisfy the requirements (
of 10 CFR 50.34(f)(2)(xi) (TMI Action Item II.D.3).

The staff reviewed these systems to confirm that such design consideratioris as

redundancy, independence, single failures, qualification, bypasses, status

indication, and testing are consistent with the design bases of these systems

and commensurate with the importance of the safety functions to be performed.

The concerns discussed in Sections 7.1, 7.2, and 7.3 apply to the digital

computer systems used in interlock systems.

7.6.1 Shutdown Cooling System Suction Line. Valve Interlocks

The SCS is a low-temperature, low-pressure system that removes decay heat from

the RCS. The steam generators cool the RCS to approximately 177 *C (350 *F)
Sto' 4o

and @ s kPa ( d psia). Below these values, the SCS cools the RCS to
~

refueling temperatures and maintains these conditions for extended periods.

|
1

Redundant, motor-driven, interlocked isolation valves on each suction line i

prevent overpressurization by preventing the suction line isolation valves

from being opened if RCS pressure has not decreased below an acceptable value.
1

The pressurizer pressure safety-related instruments are used to display RCS

pressure conditions.

~

The SCS interlocks are redundant so that any single failure will not cause a
'

suction line and heat exchanger to be subjected to pressures greater than ..

(
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7.6.2 Safety Injection Tank Isolation Valve Interlocks

The SIS will inject borated water into the RCS upon receiving an SIAS and will

supply long-term cooling in conjunction with other systems after an accident.

The SITS inject borated water into the RCS if system pressure decreases'below

the SIT internal pressure. During normal operation, the motor-operated

isolation valve on each tank is open with power removed from its motor circuit

to eliminate the possibility of spurious closure. As the RCS pressure is

reduced during plant shutdown, the low pressurizer pressure trip setpoint is

reduced to avoid inadvertent initiation of SI, the SITS are depressurized to a

value below the SCS design pressure, and the valves have their power restored

and are closed.

The SIT interlocks prevent the SITS from inadvertently pressurizing the SCS

while maintaining the SITS available in case of a LOCA. The isolation valves

are manually closed when RCS pressure decreases belowJ963 kPa ( psig).so

that the SITS cannot overpressurize the SCS while the SITS are maintained at

some pressure above atmospheric. As RCS pressure increases, the SIT isolation-
4:e

valves will automatically reopen at 1549' Kpa (500 psig) to ensure that SITS

are available for injection during plant startup. If the isolation valves are

closed and an SIAS is received, the isolation valves-will automatically open.

The SIAS overrides the interlock or any manual signal.

The ESF SIS meets the requirements of the GDC, and the guidelines of RGs, and

IEEE standards appropriate for ESF systems. The SIS valve indications satisfy
1

the requirements of 10 CFR 50.34(f)(2)(xi) and THI Action Item II.D.3. I
l

I
:

I
I
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pressurizer pressure control system (PPCS)=

pressurizer level control systema

megawatt demand setter.

feedwater control system (FWCS)a

steam bypass control system (SBCS) :.

reactor power cutback system=

boron control system-

in-core instrumentation system*

ex-core neutron flux monitoring systema

boron dilution alarm system=

alternate protection system-

process component control systema

cavity flooding system (CFS)a

hydrogen mitigation system (HMS)*

advanced control complex (ACC)+

discrete indication and alarm system*

integrated process status overview*

nuclear steam supply system integrity monitoring system.

data processing system W / M e / v/F7"N IMo, /o#?.

*f|ftJuc s/ ; n+n N7 s
,

The acceptance criteria for the review of these systems are GDC 13, "I&C," and

GDC 19, " Control Room." These I&C systems use digital technology to meet the

design requirements and, hence, the staff's concerns and positions in
'

Sections 7.1, 7.2, and 7.3 apply also to these systems.

I

I
:
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The FWCS dedicated to each steam generator automatically controls the steam

generator downcomer water level during power operations between 5 percent and

100 percent. Steam generator level is controlled during the following

conditions if all other control systems are operating in automatic mode:

|

steady-state operations*

!
l-percent-per-minute turbine load increases between 5-percent and=

IS-percent NSSS power and 5-percent-per-minute turbine load increases

between 15-percent and 100-percent NSSS power 1

10-percent turbine load steps between 15-percent and 100-percent NSSS*

power

,{ 74st-
loss of one cr-two operating feedwater pumpsa

1

1

load rejections of any magnitude*

;

1

Below 15-percent NSSS. power, the FWCS dynamically compensates for the steam

generator level signal by sending a flow demand signal to a downcomer valve l

program where a downcomer feedwater valve demand signal is generated. The

signal, or a manual signal from the operator, is passed to the downcomer

valve. The signal controls the valve position. When the FWCS is in this

control mode, the economizer control valve is closed and the pump speed

setpoint is set to near its minimum value.
.
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As NSSS power increases above 15 percent, the downcomer valve closes and the

economizer valve opens to regulate the feedwater flow into the steam genera-

tor. The steam generator level signal is compensated by the difference

between the total feedwater flow rate and the total steam flow rate. The

resulting signal is subtracted from the level setpoint signal and sent thfough

a proportional plus integral (PI) controller to produce a total feedwater

demand signal. This signal produces an economizer valve demand signal. The

operator can also control this signal manually.

The signal is also used to produce a feed-forward demand signal for the

feedwater pumps. The pump program generates a pump speed setpoint signal

which is passed to one of the feedwater pumps. The operator can also control

this signal manually.

The main feedwater system has.two variable-speed or-driven main feedwater

pumps normally operating, and one varia -speed motor-driven pump t will

operate if a main feedwater trai. s lost. Selector switches the MCR bring

the backup pump on line. erlock prevents operat n more than two of the

feedwater trains a ltaneously. The selector e tches Oso permit any

combinatio two main feedwater pumps e operated from one process

copt- o ler if an FWCS channel fail .

The main feedwater system isolation valves (MFIVs) will close within 5 seconds

after receipt of a MSIS, even if the effects of a single failure are imposed.

The MSIS is actuated on high containment pressure, high steam generator level,

' The WCS has three 50% capacity motor: driven main feedwater pumps
normally operating. The WCS in designed to automatically
control steam generator level during a loss of one of three
operating feedwater pumps (excluding the startup foodwater pump) .

-
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7.7.1.7 Reactor Power Cutback System

The RRS, PPCS, PLCS, MDS, FWCS, and SBCS work together to control minor

changes in power and flow expected during normal NSSS operation. However, the

PCS includes the RPCS to maintain the HSSS wi hin the control band ranges *

during certain large plant transients such as a large turbine load rejection,
r4a.c

turbine trip, or loss of one of twcr online main feedwater pumps. Under these

conditions, the NSSS can be maintained within the control band ranges by

reducing NSSS power more rapidly than by a normal high-speed CEA insertion.

Rapidly reducing NSSS power will also increase the thermal margin to

accommodate inward CEA deviations (including rod drops) without a reactor

trip.

The RPCS accommodates certain imbalances by dropping one or more preselected

groups of full-strength CEAs into the core to reduce power incrementally. The

RPCS also sends control signals to the turbine to rebalance the turbine and

reactor powers, and to restore steam generator water level and pressure to

control values.

The RPCS receives signals indicating loss of any operating feedwater pump (two

signals for each pump), two cutback demand signals from the SBCS, and four

cutback demand signals from the CPCs (one signal from each CPC). A two-out-

of-two logic actuates the system for load rejections or loss of a feedwater

pump. A two-out-of-four logic actuates the system for CEA deviations to be

consistent with the two-out-of-four trip initiations from the CPCs and the

i

!
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7.7.1.10 Ex-Core Neutron Flux Monitoring System
,

I
L The ex-core neutron flux monitcring system includes neutron detectors located

around the core and signal-conditioning equipment located in the control room
;

:
1 area.
|

Ex-core detector channels give the operator source level neutron flux

information during extended shutdown periods, initial reactor startup,

startups after extended shutdown periods, and following reactor refueling

operations. Each channel consists of two sections having multiple BF |
3

proportional counters; a preamplifier outside the reactor shield; and a
'

signal-processing drawer containing power supplies, a logarithmic amplifier,

and test circuitry. High-voltage power to the proportional counters is

terminated when the neutron flux is several decades above the source level to
Iextend the detector life. These channels send information for display and

4 - cor e. </e. fe s for- clune /t
audio count-rate but do not perform control or protective functions. gIhe-

detec+t also send the RRS flux information in the 1-percent to 125-percent

power operating range for automatic turbine load-following operations.

7.7.1.11 Boron Dilution Alarm System j

j

The concentration of soluble boronin the RCS affects the control of reactivity

in the reactor core. The BDAL receives signals from the ex-core detectors to l
j

detect boron dilution events while the reactor h in Mo' des 3 to 6. The DIAS

and DPS monitor the BDAL to ensure detection and alarming of the event.
t

!

I
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The alarm setpoint is periodically automatically lowered to a fixed amount

above the current neutron flux signal. The alarm setpoint will only follow

decreasing or steady flux levels, not an increasing signal. The DIAS and DPS

CRTs display the current neutron flux indication and alarm setpoint. A reset

capability enables the operator to acknowledge the alarm and initialize the

system.

7.7.1.12 Alternate Protection System

APS functions are implemented as part of the process-CCS. The APS augments

the RPS to address 10 CFR 50.62 requirements for reducing the risk of

anticipated transients without scram (ATWS) and the use of ATWS mitigating

systems actuation circuitry (AMSAC).

The APS design includes an alternate reactor trip signal (ARTS) and AFAS that

are separate and diverse from the PPS. The ARTS equipment is a diverse means

to decrease the possibility of an ATWS, and the AFAS provides added assurance

that a source of safety-related feedwater will be available following an ATWS.

|

1

The ARTS will initiate a reactor trip when the pressurizer pressure exceeds a
care

nominal setpoint of 16.7 MPa (2420 psia). Turbine-trip signals yiWalso

initiate ARTS if the RPCS is not available. The ARTS circuitry is diverse

from that of the RPS. The ARTS design uses a two out of two logic to open the !

CEDM motor generator output contactors, thus removing motive power to the
1

RTSS, thereby causis.g the CEAs to drop into the core.
]

i
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!

!

The AFAS will ' initiate EFW when the level in either steam generator decreases

i. below kpercentofthe01016cm(0-4'00in.)steamgeneratorwide-< 3e

icvel. The EFW components are actuated by sending isolated AFAS signals to

the CCL in the ESF-CCS.

:
'

The JIAS receives the ARTS and AFAS trip status, pressurizer pressure, and
,

steam generator 1 and 2 level parameters for display. The DPS receives the

samn data as provided to DIAS.

The APS design requirements in 10 CFR 50.62, " Requirements for Reduction of

Risk From ATWS for 1.ight-Water-Cooled Nuclear Power Plants," state that each

pressurized-water reactor must have equipment, from the sensor output'to the

final wtuation device, that is diverse from the RTS, to automatically

initiate the auxiliary (or emergency) feedwater system and initiate a turbine

trip under ATWS conditions. This equipment must perform its function in a

reliable manner and be independent (from sensor output to the final actuation

device) from the RTS, In its original submittal, ABB-CE stated that the EFW

actuation circuit design uses the CCL module in the ESF-CCS to satisfy the

ATWS rule. ABB-CE did not include sufficient information for the staff to

verify that this module is diverse from those in the RTS (DSER Open

Item 7.7.1.12-1).

ABB-CE clarified the issue regarding the diversity of the EFW actuation

circuitry by stating that the protective system . tion of the EFWS uses

circuitry in the PPS and a compenent control modt.le in the process-CCS. The

process-CCS is diverse a'nd independent from the PPS and the ESF-CCS.

Initiation signals generated independently by the two systems are logically
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Process Component Control System (Process-CCS)7.7.1.13

The process-CCS controls non-safety-related pumps, valves, heaters, and fans

and other components and sends process variables and CCS status information to
-

the DIAS and DPS for plant monitoring.

The system permits component assignments to independent non-Class IE subgroup

segments to minimize the plant impact caused by component or system-level
Standard CCL and I/O links allow for the various types offailures.

The design includes
components to be controlled, as described in Section 7.3.

SCL to supervise subgroups of components and to generate system status

information for the DIAS and DPS. The design also includes master transfer

capability with isolation to disable all MCR controls and enable component

controls for the RSR.

<<ng c. h//us
The process-CCS 4tvis4en meter precorrers include a sequencer to automati-

cally start and load the AAC source with essential non-safety loads during
When an EDG is

LOOP events coincident with a loss of non-safety onsite power.

out of service, this sequencer is blocked, permitting the ESF-CCS sequencer to

automatically load selected Class 1E division loads.

The process-CCS accomodates both local and remote distribution of I/O

The system architecture uses multiple redundant CCL processorsmultiplexers.

with redundant internal data comunications. -

Both the ESF-CCS (described in Section 7.3) and the process-CCS are
~

microprocessor-based systems with programable logic for their unique

February 1994
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23-26 *C (73-78 'F) continuous temperature at atmospheric pressure with
3relative humidity of 20 to 60 percent continuous and 10 Gy (10 rad) gamma

integrated dose. Environmental Category J encompasses normal and DBA

conditions for the control room. The environmental qualification for other

control building areas is to be 29 *C (85 *F) continuous temperature at /

atmospheric pressure with relative humidity of 20 to 100 percent continuous
3and 10 Gy (10 rad) gamma integrated dose.

In the original submittal, ABB-CE had not given the staff sufficient

information to evaluate provisions for monitoring the environmental conditions

(e.g., temperature, moisture, humidity, chemical pollutants) and conditions

that could cause functional degradation (e.g., pipe breaks, fires, loss of

ventilation, spurious operation of fire protection systems) within the

equipment. Operating experience indicates that such monitors are necessary

for alerting plant personnel to equipment operating in an environment beyond

its design limits. This was designated DSER Open Item 7.7.1.17-1.

ABB-CE later stated that the HVAC and fire protection systems monitor the

environmental space around the equipment cabinets. The HVAC system and the

fire protection systems are discussed in Sections 9.4 and 9.5, respectively.
Aas dee ,

DSER Open Item 7.7.1.17-1 eill be resolved as part of the staff's acceptance

of the HVAC design.

1

The MCPS are compact workstations that integrate miniature backlit component i

!

control switches, process controllers, discrete indicators, alarm tiles, j
.

,

i

l

i
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message windows, and video display units (CRT, plasma, and electro-luminescent

displays) so that both safety-related and non-safety-related display devices

are routinely used by the operator.

The MCPS maintain strut.tural integrity so that no control room missile harards

result as a consequence of a seismic event. Any safety-related Class 1E

components mounted in the panels are seismically qualified to perform their

safety functions.

All NSSS and BOP instruments, controls, and alarms link to the DIAS, DPS, or

CCS for routing to the control panels; except for operators' modules dedicated

to specific plant components (e.g., PPS, TCS, CEDMCS).
,

To minimize the possibility of damage to multiple channels within the MCPS or

RSPs, the panels employ low-energy circuits (less than 50 V) to the maximum
and

extent possible, fire-retardant materials and smoke detectors, electrically

independent channels of circuits, and-phys 4cabseparetier. or barriers to

enhance-indepenuence for all circutts w;i.|. selt:ges greater t hn 5n_y,

If multiple redundant channels are damaged, the MCR circuits are fault

isolated from the electronic components with which they interface. All MCP

and RSP circuits are passive. Momentary contacts are used for all switches
1

with the memory of control panel commands retained only in the electronic ]

circuits in the IaC equipment rooms. The MCR, RSP, and the I&C equipment

rooms are located in separate fire zones.

l
!

|

|
'
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The DIAS is a segmented, distributed architecture. The system consists of a
.

DIAS-P segment for display of postaccident RG 1.97 variables and DIAS
N7

channels N1 through)PI for the remaining parameters. Each segment consists of

I/O data links and multiplexers, CPUs, and display and alarm devices.

.

The segmented DIAS includes independent hardware and fault resistance. The

DIAS-P is physically independent from the remaining DIAS-N segments and the

DPS, so that a single failure will not cause a loss of more than one of the

three display methods (DIAS-P, DIAS-N, DPS). The redundant 1/0 data links and

CPUs in each segment allow for transfer to the backup CPU without interrupting

the information being displayed on the control panel devices.

Fiber-optic data links provide isolation between the redundant safety-related

channel I/O and DIAS CPUs, and between the DIAS CPUs, the MCP I/O multi-

plexers, and the RSP I/O multiplexers.

The data from both safety-related and non-safety-related sources is scanned at

a rate that accomodates the requirements for alarm checking, signal conver-

sion, and signal validation. The DIAS receives signals from the ESF-CCS, the

process-CCS, the PCS, the RTSS, ex-core and in-core nuclear instrumentation,

the CPCs, the NSSS integrity monitoring system, the PPS, electrical systems

components, HJTCs and CETs, and the motor-generator sets.

Input data, calculated values, or parameters for another DIAS segment are

available through a data network that interconnects each of the DIAS-N

'

4

l
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display system. The intelligent display system processes the data for display

on the CRTs, and processes operator requests made on the CRT touch screens.

Through host processor, peripheral redundancy, and a distributed design, the

DPS accomodates the failure of any single hardware element so that no sirigle

failure within the DPS will disable any of the DPS functions. DPS data links

acquire plant process data from other plant systems and transmit it to the
y/a,,7 De s' ysh s

host processors. The data links between the host processor and -the-saf4ty

-systems are fiber-optic for isolation. 4H-ether-date-+ inks arc :tandard

elec4reftte--daia comunication 1iriks.

Each host processor has a system console for the programer and consists of a

dual CPU. One CPU is dedicated to I/O and demand tasks, the other CPU is

dedicated to periodic tasks.

High-speed line printers record information for the programer, control room

operating staff, TSC, and EOF.

The DPS control room operator primarily uses touch screen color CRT work-

stations and other touch panel devices, such as annunciator tiles. Switches
1
' ctransfer-the--contral of diepley-processe, wu,ir,L Livi.s Let eer, uie prime.j end

_ hack'g40st pi ucessors.

1

All applications are programed using structured programing rules and tech-

niques. The software comprises modular, structured programs. DPS online
'

operation minimizes reliance on any electromechanical peripherals. All major

applications are memory resident and are structured to allow continued
!
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execution in the event of a disk, printer, or magnetic tape failure. ABB-CE
ci i /]c n / fue J - s,o a tori

statesMsoftware modules are verified and validated in accordance
with Nuclear Safety Analysis Center 39, " Verification and Validation for

Safety Parameter Display Systems." ABB-CE responded to the staff's RAI on

software V&V (DSER Open Item 7.7.1.21-1) by submitting a SDP. The staff's'

acceptance of the SDP, as discussed in Section 7.1.4, resolved DSER Open

Item 7.7.1.21-1.

The DPS NSSS application programs give the operator information and alarms to

assist in maintaining the plant within specified limits and to evaluate the

performance of the reactor core. These applications are:

core operating limit supervisory system*

CEA position monitoring=

CEA PDIL/PPDIL monitoring*

CEA out-of-sequence monitoring.

CEA deviation monitoring-

CEA trip program=

CEA reassignment=

CEA exposure accumulation*

in-core detector processing*

xenon reactivity prediction*

reactivity balancea

.

CPC deviation monitoring.

CEAC deviation monitoring*

~

PPS deviation monitoring-

critical function monitoring-
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|

,

called upon to put on the network to update the active displays. The DPS is ]
designed to provide a 1-second update of dynamic data under worst case loads, )

. . - ;

based on the maximum number of display devices and the most demanding resul- |

tant total for different dynamic parameters to be updated.
:

The capability to provide for historical data trends on the DPS may call for

large data file transfers from one or more of the data acquisition processors.

A test will be performed to verify the network response time meets the

4Ldquand update criteria for the worst-case file transfer scenarios during

maximum data communication loads.

The DIAS and DPS data networks are electrically separated, independent, and

diverse from each other. Since the DPS normally provides displays for the

complete plant data base, which includes a redundant display of DIAS informa-

tion, a failure of the DIAS would not increase the communication load of the
s,

DPS network.

The staff finds ABB-CE's description and the design of the data networks

acceptable. This resol.ves DSER Dpen Item 7.7.3-1.

'.
.

.

-
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FSER REVIEW ITEMS
FSER FSER
Section page Description

The following are comments on individual FSER sections. In
addition, markups of these sections are provided.

5.2.4 -- No comments

6.2.3 -- No comments

6.2.4 -- No comments

6.2.5 -- No comments

6.2.6 -- No comments

6.6 -- No comments

Chapter 8:

8.2.2 8-12 See attached markup of FSER page 8-12.
"13.5" should be "13.8." " Fail open"
should be deleted from description of-
transformers.

8.5 8-69 FSER states that Combustion Turbine
Generator is designed to automatically
start within two minutes from the onset
of a LOOP event and power one safety
related load division within two minutes
(for SBO). CTG does not automatically
load safety loads. In consultations
with NRC staff, the attached markup-was
prepared to clarify CTG starting and
loading requirements.

Section 9.4:

9.4.1 9-96 Discussion of MCRACS charcoal tray and
screen uses " charcoal" instead of
" carbon." Also, the text encircled on
page 9-96 does not agree in content with
CESSAR-DC Section 9.4.1.4.D, which
states: "All Main Control Room Air
Conditioning System (MCRACS) ductwork
outside MCREZ including the filtration
units is either leak tight or is of
welded construction."

,

1

.
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FSER REVIEW ITEMS j

FSER FSER J
Section page Description !

9.4.1 9-97 "3,2-1" should be "3.2-1." See attached
markup for proposed resolution'.

I
9.4.1 9-100 Item 1 on FSER page 9-100 should be |

deleted ns a confirmatory item, since H
the resolution to this item has already H

been included in Amendment U (FSER 1

effective CESSAR-DC amendment). I

9.4.1 9-100 Items 2, 3, 4, and 5 on FSER page 9-100
will be addressed in Amendment V to ;

CESSAR-DC. I

l

Item 4 on FSER page 9-100 specifies that
,

the " main air handling unit (s)" should i

be designated as " Main air conditioning
unit (s)" on CESSAR-DC pages 9.4-6 and
9.4-7. The use of the word " Main" is
not to be found on either of these
pages. However, " air handling unit (s)"
appears several times, and will be )
modified by Amendment V to read " air ;
conditioning units." l

9.4.2 9-101 Circled word on FSER page 9-101,
"ptpand" probably should be just "and." |

1

9.4.2 9-101&l02 Last sentence of FSER page 9-101 I

(carries over to FSER 9-102): ABB-CE R

has stated in CESSAR-DC Section 9.4.2.2
that the normal mode of operation does i

not require any filtration and bypass
dampers to be open for both.the
filtration trains. Given the context of
Section 9.4.2.2 and.the system
configuration, the sentence is proposed
to read: "ABB-CE has stated in CESSAR- j
DC Section 9.4.2.2 that the normal mode
of operation does not require |

filtration, and the bypass dampers are |
'

open for both the filtration trains."
|

9.4.2 9-102 In third paragraph of FSER page 9-102,
replace " charcoal" with " carbon." |

2
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FSER REVIEW ITEMS
FSER FSER
Section page Description

9.4.3 9-105 Third paragraph on FSER page 9-105,
circled sentence: change "will manually
close" to "will be manually closed," as
indicated in the attached markup.

9.4.3 9-105 Stray mark " " noted, as indicated in
circle in fourth paragraph on FSER page
9-105.

9.4.3 9-107 On FSER page 9-107, the confirmatory
item dealing with RWBVS design data
should be deleted. This is as per
agreement with William Russell.

9.4.4 9-107 Second sentence of first paragraph of
Section 9.4.4 should read ". two. .

redundant emergency diesel generators
instead of ". two(EDGs). "

. . ., . .

emergency diesel generator (EDG). "
. . .

9.4.5 9-111 Misspelled word, "upidentify," noted at
the top of FSER page 9-111 (see attached
markup).

9.4.5 9-112 Second paragraph on FSER page 9-112 has
"non-carbon bed adsorber" specified.
There is no such component in the
subsphere ventilation system exhaust
filter trains. Probably what was
intended was "non-credited carbon
adsorber." The attached markup reflects
that correction.

9.4.5 9-112 Final sentence of second paragraph of
FSER page 9-112, change " charcoal" to
" carbon,"

9.4.5 9-112 Final sentence of third paragraph of
FSER page 9-112, change " charcoal" to
carbon."

9.4.5 9-113 Change "in-service" to " inservice," as
indicated on FSER page 9-113 markup.;

3
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FSER REVIEW ITEMS
FSER FSER
Section page Description

9.4.5 9-114 Change "in-service" to " inservice," as
indicated on FSER page 9-114 markup.

9.4.5 9-114 For the first confirmatory item on FSER
page 9-114, CESSAR-DC Amendment U
included the following statement in
Section 9.4.5.3 (CESSAR-DC page 9.4-28):
"that the HEPA-filters are designed to
limit the offsite does within the
guidelines of 10 CFR 100." This
statement will be further modified by
CESSAR-DC Amendment V, which will change
the word " guidelines" to " requirements."
The second part of this'first
confirmatory item on FSER page 9-114 is
to revise CESSAR-DC Section 9.4.5.1 on
CESSAR-DC page 9.4-24 to state "that the
SBVS is designed to limit the offsite
dose following a LOCA or DBA within the
requirements of 10 CFR 100, " and to
delete reference to SRP 6.4. The staff |

agreed later that the reference to SRP !

6.4 was proper. However, the word
" requirements" will be substituted for
the currently-used term " guidelines" by
Amendment V. This will comply with the
staff's position on this item.

i

The content'of the second confirmatory !

item on FSER page 9-114 will be included !

at the end of the first paragraph on !
CESSAR-DC page 9.4-28 in Amendment V to-

|

CESSAR-DC: "The ductwork from the
building exit up to an including the
isolation damper are qualified for the
tornado differential pressure. ;

|
9.4.6 9-115 Fourth paragraph on FSER page 9-115, !

first sentence should read "The low-
purge subsystem relieves containment-
pressure during startup and shutdown."

~

Second sentence then begins with "In-
containment. See attached"

. . .

markup.

4

.
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FSER REVIEW ITEMS
FSER FSER
Section' page Description

9.4.6 9-117 Final sentence of second paragraph of
FSER page 9-117, change " charcoal" to
carbon." Same applies to' final sentence
of third paragraph. See attached
markup.

9.4.6 9-118 Confirmatory item on FSER page 9-118 is
already addressed in CESSAR-DC Figure
9.4-6, which describes'the dampers in
question as being remotely and manually
closed during a tornado warning. This
item should thus be deleted from the
FSER.

9.4.9 9-124 Confirmatory item on FSER page 9-124'is
already addressed in CESSAR-DC Figure
9.4-8, which describes the dampers in :

question as being remotely and manually !
closed during a tornado warning. This i

'

item should thus be deleted from the
FSER.

9.4.9 9-124 Chunge "in-service" to " inservice," as
indicated on FSER page 9-224 markup.

9.4.10 9-125 Confirmatory item 1 on FSER page 9-125
should be deleted from FSER, since its
requirement to revise CESSAR-DC Figure
9.4-10 to include fan status was
accomplished by Amendment U to CESSAR-
DC.

Section 9.5.1:

9.5.1.2.1.4 9-141 See attached markup of FSER page 9-141.
Statement deleted is not applicable.

9.5.1.2.2 9-144 See attached markup of FSER page 9-144.
Statement deleted is not applicable,
since fire dampers are still provided
between fire areas'within a division.

9.5.1.3.2 9-147 See attached markup of FSER page 9-147. j
:
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FSER REVIEW ITEMS
FSER FSER
Section page Description

9.5.1.4.4 9-154 See attached markup of FSER page 9-154.

9.5.1.5 9-162 See attached markup of FSER page 9-162

Section 9.5.4.1:

9.5.4.1 9-179 Circled section number on FSER page 9-
179 should be "9.5.4.1.2," instead of
"9.5.1.4.2."

Section 9.5.4.2 No comments

Section 9.5.5 No comments

Section 9.5.6 No comments

Section 9.5.7 No comments

Section 9.5.8 No comments

Section 9.5.9 No comments

Chapter 13: No comments

6
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Chapter 9 FSER comments:

p. 9-13 Sect 1, 2nd para: The last sentence should be
deleted as the spent fuel handling machine is
capable of lifting heavier loads than the fuel
assembly and its handling tool.

p. 9-14 Sect 1, 2nd para: The last sentence should be
changed as above.,

p. 9-30 Sect 2, 1st sentence: Should read

" require that the trans'fer tube valve be closed or
that the gate between..... seal."

p. 9-48 1st para, last sentence: Change " crane" to " hoist"
|
' pp. 9-48,49 The 93,5000 gal /hr leakage results from a light

load drop (the weight of a fuel assembly falling
onto the pool seal from the fuel assembly operating
height), not from the heavy load drop. Adverse
effects on fuel from the heavy load drop are
precluded by the administrative controls mentioned
on p. 49, 2nd paragraph, last sentence.

Suggest that the last paragraph'on p. 48 and first-
paragraph on p. 49 be revised as follows: _-

" Heavy loads are moved over the pool seal during
refueling operations. In order to ensure that,

water is not lost from the spent fuel pool during a
heavy load drop, . administrative procedures that
will be developed by the COL applicant will require
that either the fuel transfer tube valve or the
gate between the spent fuel pool and the transfer
system canal be closed during movement of heavy
loads in the reactor building.

The maximum pool seal leakage resulting f rom a
light load drop is 354 m'/hr (93,500 gal /hr).

1Should a seal leakage result from a light load drop
while moving fuel, the fuel can be moved to a safe-

. )

location within a maximum of four minutes. Should
there be no makeup water to'the refueling cavity,

'

it takes approximately four hours to drain . the -
cavity down to the vessel flange. Therefore, there
is sufficient water coverage over the fuel ascembly
during its movement to a safe location. However,

y to minimize the possibility of having a fuel
) failure as a result of a heavy load drop,
[ administrative procedures to be developed by the

COL applicant will require that no-fuel is in the
refueling machine when moving heavy loads over the,

! seal."

. - _ _ _ _ - - _ _ _ _ - _ _ _ _ _



sized to supply, within their self-cooled rating the most conservative power
requirements of its associated Class 1E buses (switchgear, load centers, and
motor control centers (MCC)), the most conservative power requirements of its
associated permanent non-safety bus (switchgear, load centers, and MCCs), and

power requirements of at least one RCP and its support systems. Additional
j

margins of 33-1/3 percent and 66-2/3 percent are gained by such auxiliary.l
1

cooling as forced air (FA)/ forced oil fdl gx (FO)/ forced oil and air (F0A)
to allow f'or future' load growth. Likewise, the unit auxiliary transformers

are sized to supply withing) heir self-cooled rating the most conservativerequirements of its two 13. -kV non-safety buses, one 4.16-kV bus and its
associated load centers and MCCs, one 4.16-kV permanent non-safety bus and two

4.16-kV Class IE buses with their associated load centers and MCCs. Addi-

tional margins of 33-1/3 percent and 66-2/3 percent are gained by such
auxiliary cooling as FA/F0/FOA to allow for future load growth.

In Amendment Q, ABB-CE revised CESSAR-DC Sections 8.1.3.B.5 and 6 to include
the additional information. On this basis, the staff concludes that the unit
auxiliary and reserve auxiliary transformers will have sufficient capacity and
capability to ensure that (1) specified acceptable fuel design limits and
design conditions of the reactor coolant pressure boundary will not be
exceeded as a result of anticipated operational occurrences and (2) the core
will be cooled, and containment integrity and other vital functions will be
maintained in the event of postulated accidents. Therefore, the normal and
alternate offsite power transformers will satisfy the capacity and capability
requirements of GDC 17 and are acceptable. On this basis, DSER Open i

Item 8.2.2-2 is resolved.

1

In CESSAR-DC Section 8.2.1.4, ABB-CE states that all systems, equipment, and j

components associated with the immediate and alternate offsite power circuits
have the capability of being tested during plant operation. However, in the

DSER, the staff asked ABB-CE to include the following.information to ensure
that the requircinents of GDC 18 are satisfied:

L

l
.

|
t
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evolutionary ALWRs meet the SB0 rule by including an AAC power source (e.g.,

CTG) of diverse design capable of powering at least one complete set of normal
( shutdown loads and to back up the EDGs. EPRI has also included a requirement

that a large-capacity, diverse AAC power source (e.g., CTG) with the capacity
to power one complete set of normal safe-shutdown loads and to back up the EDG
be part of the evolutionary ALWR design.

ABB-CE committed to meet the SB0 requirements by providing an AAC power
ABB-CE stated that the AAC Source for System 80+ is a non-safety-source.

grade combustion gas turbine provided to cope with a LOOP and an SB0 scenario.
This standby unit will meet the requirements in 10 CFR 50.63 by being
independent and diverse from the Class IE standby EDGs. The AAC source will
not normally be directly connected to the plant's main or standby offsite
power sources or to the Class IE power distribution system, thus minimizing
the possibility of a common-cause failure.

f loads
aacL be re.nd3 + aaefe

The CTG is designed to automatically startvwithin two minutes from the onset
of a LOOP event :nd i: d::i;ned t p~.:tr en: r:fet;/-rchted h:d d!"irier

3

*RMn-tweein&c (f:r !!0}7 so that the plant will be capable of maintaining
core cooling and containment integrity. The COL applicant will also store'

sufficient fuel on site to support 24 hours of CTG operation at rated load. A
dedicated 125-V de battery will power the instrumentation and controls

necessary to start and run the AAC source.

ABB-CE addressed periodic testing of the AAC power source and committed to

require the COL applicant to establish an AAC QA program consistent with
RG 1.155, Appendix A.

Therefore, a System 80+ plant will have a fully qualified CTG as an AAC power ;

However, regarding core cooling for an SB0 event, ABB-CE was requiredsource.
to confirm that,

(1) The plant will have sufficient condensate storage to remove decay heat f
for the duration of an SB0 in accordance with RG 1.155, Section 3.3.2. }

(2) The equipment and systems will be operable during an SB0 event.

ABB-CE System 80+ FSER 8-69 February 1994
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monitors detect any loss of water shielding over the spent fuel and refueling
pools and initiates actuation of the filter mode of the fuel building ventila-

(
tion system on detection of high radiation.

Based on this design information, the staff concludes that the PCPS includes
adequate instrumentation and control features to initiate adequate safety
actions should they be needed. This meets the requirements of GDC 63 and~is

acceptable.

PCPS design provisions for achieving and maintaining adequate water chemistry, 4

sampling of pool water to monitor water chemistry, purification of pool water,
maintaining a minimum safe shielding water level, sensing excessive radiation
levels and initiating automatic protective actions provide assurance that
occupational exposures will be kept as low as is reasonably achievable

(ALARA).

V
The staff identified the following idditional Confinnatory items:

L

1. In its response to RAI Q410.06b ABB-CE described features of the PCPS

't) design that satisfy Positions f. 2.f(2) and ' .F(3) of RG 8.8. In the |q
c

ju DSER, the staff requested ABB-CE to incorpo ate this discussion of PCPS

)A design features into CESSAR-DC Section 9.1.3.1. This was Confirmatory'

@w Item 9.1.3-7 in the DSER.q
n
3
v

.-p Subsequently, ABB-CE provided Amendment L of CESSAR-DC subsec-
# A tion 9.1.3.1.6 which describes the radiological controls used to minimizeg
S. area radiation exposure. These include maintenance of a minimum pool

9 i- water level to ensure radiation exposures are no more than 25 pSv/hr

hV (2.5 mrem /hr) at the pool surface, routing of spent resin transfer lines
& c-

g through shielded pipe chases, design of floor drains to ensure complete-
-

d collection and routing of radioactive liquid, and the design of the FBVS.&

_In addition, all valves in contac@ppent fuel o_ool water are made of
; 0" austenitic stainless steel or an equivalent corrosion-resistant material.

All piping in contact with spent fuel pool water is austenitic stainless

g . Based on the incorporation of this information into the CESSAR-DC,
Confirmatory Item 9.1.3-7 is resolved. i j

i
| )
: 1
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System Air Filtration and Adsorption Units of Light Water Cooled Nuclear Power
|

Plants," as identified in CESSAR-DC Tables 9.4-3A and 9.4-5.
Dampers are

provided up- and downstream of each ESF filtration unit and two air-operated,
fail-closed dampers are provided in the emergency circulation system bypass

,

Each of the redundant systems is powered from independent Class IE,ducts.
diesel-backed power sources, and cooling water for the AHU is supplied from

'

the safety-related CWS. System components are accessible for periodic
j

The non-safety related TSCACS filter unit will satisfy theinspection.
guidelines of RG 1.140, " Design, Maintenance and Testing Criteria for Normal |

Ventilation Exhaust System Air Filtration and Adsorption Units of Light-Water- |

Cooled Nuclear Power Plants,' in entirety as the normal ventilation system.

N.fhe MCRACS charcoal tray and screen will be all welded construction to'

preclude the potential loss of charcoal from adsorber cells per IE Bulle-
All ducts and equipment housings outside the CREZ of CCVS are ofstin 80-03.

. welded construction [ Flanged connections will be pressure tight and periodi-
!

ly visually examined and tested to maintain at positive pressure with
respect to the adjacent areas, such that, any unfiltered inleakages inside

,

CREZ are precluded. The system is designed to maintain the infiltration rate
3 No steamduring pressurized operation of less than 0.005 m /sec (10 cfm). (

<

piping adjacent to CREZ air intakes or inside CREZ exists and no other HVAC
system ducts other than MCR air conditioning system ducts are passing through

the CREZ. |

During normal operation, the inlet air is continuously monitored for radia- |

|tion, toxic gas, and smoke and is mixed with return air from the control room.
The control room boundary pressurization system will be periodically tested

(every 18 months) to verify that the make up air required to maintain a
positive minimum 3.2 m (1/8-in) water gauge pressure inside the control room
boundary with respect to the adjacent areas does not exceed 10 percent of the

Pressure in the control room is maintained slightly positivedesign value. The system
relative to the surrounding areas and the outdoors at ,all times.
design maintains the control room and other support areas between 23 *C and
26 *C (73 *F and 78 *F) and relative humidity between 20 and 60 percent, the
battery room between 15.5 *C and 32.2 *C (60 *F and 90 *F), mechanical
equipment room at 40 *C (104 *F),and the remaining areas at 29.4 *C (85 *F).
The provisions of the minimum instrumentation and controls for the control

February 19949-96ABB-CE System 80+ FSER
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room filtration units are listed in CESSAR-DC Table 9.4-3A. The provisions of )

the other instrumentation and controls monitor locally, and/or remotely: !

i
y

system temperatures; filter pressure drops; damper positions; chilled water'

!flow rates; fan air flow rates and operating status;and high radioactivity and
toxic gas at each outside air intake. The system description, design parame- i

ters, and flow diagram are given in CESSAR-DC Section 9.4.1, Tables 9.4-I r

9.4-3, 9.4-3A and and Figure 9.4-2, respectively.

3.2- 1 |
The balance of control complex air conditioning systems serve the safety-
related and non-safety related areas. The safety-related areas include
safety-related electrical rooms, vital instrument and equipment rooms, battery
rooms, and the remote shut down room. These are served by individual redun-
dant AHUs each with roughing filters, safety-related chilled water cooling
coils, and fans. The non-safety related areas include: non safety-related
electrical rooms; battery rooms; operations and technical support centers;
computer room; shift assembly offices; radiation access control room; casualty
and security room; personnel decontamination rooms; and break room. These are
served by individual air conditioning units each with a roughing filter, non-
safety-related chilled water cooling coils and fan. The safety-related and

'} non-safety related battery rooms have hydrogen detection devices to monitor
hydrogen concentration. The battery room exhaust fans are designed to
maintain hydrogen gas concentrations below 2 percent and their outlet ducts
are located near ceiling. The redundant safety-related electrical, battery,
and vital instrument and equipment room air conditioning systems are safety
related and have smoke exhaust fans vented on the control building roof.

Safety-related systems receive cooling water from the sifety-related CWS and
are served by independent Class IE, diesel-backed power sources. System

components are accessible for periodic inspection.

The emergency circulation system filtration unit starts automatically if high
radiation is detected at an air intake vent or a safety injection actuation

signal is received. It filters the combination of the outside air and all of
the return air and delivers the filtered air to the inlet of the main air
conditioning unit which maintains the proper environmental conditions in the

control room. If high radiation is detected at both inlet vents, the

} automatic selection logic compares the radiation levels at each inlet vent and

ABB-CE System 80+ FSER 9-97 February 1994
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The fuel building ventilation system is a once-through design which draws
outdoor air through a damper and supply-air handling unit, supplies the air to

( building spaces, and exhausts the air to the outdoors through an exhaust fan.
The inlet

A bypass circuit of the exhaust system contains a filtration unit.
supply AHU consists of a prefilter, cooling coil and electric heating coil,

This portion of the system is not safety related nor is it ,.

and a fan.
serviced from the. Class IE power supply. The system'is designed to mainta'in

;

The inlet air vent
temperature between 4.4 *C and 40 *C (40 *F and 104 *F).
is protected against wind and tornado missiles by missile shields above and in

The system description, design parametershflowfront of the opening. 9.4-1, 9.4-3, 9.4-3A,
diagram are given in CESSAR-DC Section 9.4.2, Tables

The system conforms to
9.4-5, and 11.3-2, and Figure 9.4-3, respectively.*

RG 1.52 for the particulate (HEPA) filtration credited during the fuel
handling accident to meet 10 CFR Part 100 limits and particulate (HEPA) and
elemental and organic iodine (carbon adsorber) filtration during normal
operation as identified in CESSAR-DC Tables 9.4-3 and 9.4-5 and 11.3-2

The classification of systems, structures, and components isrespectively. The safety-related equipment,
provided in CESSAR-DC Table 3.2-1 for the FBVS.
fans, dampers, coils and ductwork will be designed and tested in accordance
with ASME/ ANSI H509 AG-1 " Nuclear Power Plant Air-Cleaning Units and Compo-(

nents," H510, " Testing of Nuclear Air Treatment Systems," codes and standards.
The radiological consequences resulting from gaseous effluent during normal
plant operation including anticipated operational occurrences are discussed in

j

|

Chapter 11 of this report.
|
|

The exhaust portion of the system is safety-related (engineered safety feature
system) comprising two redundant 100-percent trains of fans and filtration

During normal operation, air is released to the atmosphere through anunits.
exhaust fan and two control dampers. ABB-CE, in response to the staff's RAI

stated that the single-bypass damper for the filtration system willQ410.117,
be administrative 1y locked closed and the system will ,be in operation whenever
irradiated fuel handling operations above or in the fuel pool are in progress.
This response was not acceptable since the single-failure criteria for these
components must be met to prevent inadvertent release of radioactive contami-

This was an DSER Open Item 9.4.2-1 in the DSER.
nants to the environment.

QB-CE has stated in CESSAR-DC Section 9.4.2.2 that the normal mode oT)
b $ <e. je t f qc (1-to2.)

February 1994
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/ operation does not require any filtration,and bypass dampers bs46 open for
s -

Qoth the filtration trains [pon receipt of a high radiation signal, the
system will realign the designated filtration train automatically to the

-

filtration mode, to comply with 10 CFR Part 20 and 10 CFR Part 50, Appendix I
requirements, by opening filtration unit inlet and outlet dampers and closing i

bypass dampers. Switchover between trains is accomplished manually. Prior to

any fuel building-operations, the system is manually' realigned to the filt'ra-
tion mode and the bypass dampers are administratively locked closed. In this
mode both the filtration trains are aligned to process the effluent discharge i

prior to releasing through the monitored plant unit vent. The FBVS has two |

redundant 100-percent capacity filtration trains which meets the single
failure criterion and fan and motor operated dampers in each train are powered
from a separate train of the emergency Class IE standby power in the event of
any single active failure. The planned administrative isolation of the bypass
dampers is not considered as an active function, and based upon the above, a
single bypass damper in each train would continue to meet the single failure
criterion design for the exhaust side of the FBVS. Therefore, DSER Open

Item 9.4.2-1 is resolved.
.

'

The CESSAR-DC Tables 9.4-3, Input for Release Analysis Filter Efficiencies,
shows the creditable HEPA efficiency of 99-percent for the fuel-handling
accident analysis. ABS-CE stated in CESSAR-DC Section 9.4.2.1 that the dose

analysis to support 10 CFR Part 100 limits following a fuel-handling accident
only takes credit for the HEPA filter and no credit is taken for the charcoal
adsorber.

The staff concluded in Section 15.A.11, that with respect to the radiological
consequences of potential fuel-handling accidents, credit is given for the
removal of particulate iodines only. Therefore,charseef adsorbers need not

be credited in the FBVS. Cehor4)
1

.

A non-safety-related radiation monitor is located in the exhaust ductwork, !

upstream of the filter train inlet, which automatically directs the air
There isthrough a filtration unit on detection of radioactivity in the duct.

only one radiation detector provided which is consistent with the guidance of

RG 1.97 " Instrumentation for LWR Nuclear Power Plants to Assess Plant and
!

.
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the ' environment to ensure that all potentially radioactive releases are
monitored before discharge. The system is a once-through cycle type.

The RWBVS comprises two 50-percent supply AHUs, cooling coils to provide
normal ventilation and building temperature control. The RWB ventilation
exhaust system consists of two 50-percent particulate exhaust filter units
each withemoisture eliminator, prefilter, electric preheater, absolute (HEPA),

.

non-credited carbon adsorber, post filter (HEPA), ducts and valves, and a fan.

The system conforms to RG 1.140 for the filtration unit during normal opera-

tion as identified in CESSAR-DC Table 9.4-6. The carbon filter media will
conform to Nuclear Grade as defined by the Institute for Nuclear Science. The
radiological consequences resulting from gaseous effluent during normal plant
operation including anticipated operational occurrences are discussed in
Chapter 11 of this report.

The particulate and iodine radiation detectors sample the air in ductwork,
which serve potentially occupied areas where the potential for the release of
radiation exists, and in the exhaust duct header upstream of the filter units.
Radioactivity above allowable limits will be indicated and alarmed in the

} control room and alarmed locally. [htection of radioactivity above th
[ allowable limit from the air exhaust, the bypass dampers wi}1 Ear.ually closed.Mil b f. e

and the filter units / nlet and outlet dampers ^ manually open' to allow the airi
~

exhaust filtration he filtration exhaust fanNscharge to the plant vent.

The system is designed to maintain temperature between 4.4 *C and 37.8 *C

(40 *F and 100 *F). The system description, components, design para ters, %
and flow diagram are given in CESSAR-DC Section 9.4.3, Tables 9.4-1, .4-3, rAtd*

and 11.3-2, and Figure 9.4-9, respectively. The classification of systems,
structures,and components is provided in CESSAR-DC Table 3.2-1 for the RWBVS.

The safety-related equipment, fans, dampers, coils and ductwork will be
designed and tested in accordance with ASME/ ANSI N509, N510, and AG-1 codes

and standards.

In order to comply with 4DC 60, " Control of Release of Radioactive Materials
to the Environment," the system needs to conform to RG 1.140. Therefore, the
RWB ventilation exhaust system high-efficiency particulate air (HEPA) filters}
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The system is not safety related, performs no safety-related function for safe

( shutdown or post accident operation, and failure of the system does not affect
.the function of other safety-related equipment. Thus, the staff concludes
that the RWBVS meets the acceptable criteria of SRP Section 9.4.3 and is,
therefore, acceptable pending incorporation of the following item in Amend-
ment V to CESSAR-DC: ,

,

1. Revise CESSAR-DC Section 9.4.3 to state that the RWBVS design data for

heat load, air, and cooling water for the system components will be
provided by a COL applicant for NRC review. This is part of FSER Confir-
matory Item 1.1-1.

9.4.4 Diesel Building Ventilation System

The staff reviewed the diesel building ventilation system (DBVS) in accordance
with SRP Section 9.4.5 (NUREG-0800). The design has two redundant emergencyt

s as
diesel generator (EDG) located in separate areas inside the nuclear annex ona

opposite sides of the reactor building. Each EDG area is served by a ventila-

tion system designed to maintain acceptable environmental conditions for
operation, testing, and maintenance of the equipment, and to allow for
personnel access.

The DBVS is designed for once-through flow using inlet and exhaust fans,
filters, and dampers. The system is designed to maintain temperature between

a minimum of 4.4 *C (40 *F) and a maximum of 49 *C (120 *F) when the DG is not
operating and between a minimum of 4.4 *C (40 *F) and a maximum of 50 *C

(122 "F) when the DG is operating. Electric heaters, activated on low

temperature, maintain temperature above freezing and fans are automatically
activated to control elevated temperature. Air intake structures and exhaust
vents are protected against the effects of natural phenomena and missiles.

Each division of non-safety-related supply portion of the. system consists of
one 100-percent-supply fan equipped with damper and prefilter. Air is
exhausted to the outdoor.s through each division of the safety-related exhaust

portion of the system which consist two 50-percent-supply fans. Each fan is

equipped with a two speed motor and has a separate exhaust vent. The system
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Aed:-(1
In the DSER, the staff stated that CESSAR-DC Table 3.2-1 should appropriately i

the system, system components, and their locations with respect to
( j

safety class, seismic Category, and quality assurance requirements designa- -

tions. This was identified as DSER Open-Item 9.4.5-1 in the DSER. Subse- j

quently, ABB-CE provided the requested infomation identifying the exhaust I

system as seismic Category I, Safety Class 3 and Quality Class 1, and the . ]
supply system as seismic Category II, non-nuclear safety class and Quality'
Class 2, except heating and cooling coils which are non-seismic, non-nuclear
safety class for the Quality Class 3. Therefore, DSER Open Item 9.4.5-1 is I

resolved.

Outdoor air is drawn into the non-safety-related ventilation supply system i

serving each division through one 100-percent capacity supply unit consisting
of a prefilter and cooling / heating coils by two 100-percent-supply fans. The

fresh air intake structures are located in the control areas duct shaft and
are protected against such environmental conditions as high winds, rain, snow,
and ice. The supply fans and conditioning unit are not safety-related units.

ISupply air is distributed to equipment rooms and access areas in the subsphere
building and exhausted from the building through a filtration unit by two

,.

100-percent capacity exhaust fans. The filtration unit and exhaust fans are
safety-related equipment. The fans are powered from a Class IE supply, backed
up by the emergency DG. |

1

Originally, ABB-CE did not provide information regarding the intake air vents I

conformance with GDC 17. requirement as it relates to assuring proper function-
Iing of the safety-related equipment, except for mentioning that the air is

filtered. This was identified as DSER Open Item 9.4.#.i-2 in the DSER. SRP |

Section 9.4.5 provides guidance to ensure that adequate means is provided in |

the system design for control of airborne particulate material (dust) accumu- |

1ation. The system arrangement should provide a minimum of 6.lm (20 ft) from
the bottom of the fresh air intakes to grade elevation. |

1

Subsequently, ABB-CE provided above information in CESSAR-DC Section 9.4.5.3, |

stating that the fresh air intakes are located at least 9.14m (30 ft) above
|

.

I
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grade elevation (as shown in CESSAR-DC Figure 1.2-8) to minimize intake of
dust into the building and are provided with tornado dampers. Therefore, DSER

Open Item 9.4.5-2 is resolved. ,4 ,, c reg hd. .

Thedivisionalexhaustfiltration}unitconsistsofamoistureeliminator,
prefilter, electric preheater, nW9 carbon bed adsorber, and absolute and pst
filters (HEPA) upstream and downstream of the carbon'adsorber as shown in'
CESSAR-DC Figures 9.4-1 and 9.4-5. A motor-operated damper on the downstream

of exhaust fans is for tornado protection and for isolation when exhaust fans
are off. CESSAR-DC Table 9.4-3, " Input for Release Analysis Filter Efficien-
cies," shows the creditable HEPA efficiency of 99-percent for, post-accident ,

ABB-CE stated in the CESSAR-DC Section 9.4.5.3 that the dosereleases.
analysis, to support 10 CFR Part 100 limits following a LOCA or DBA, only

takes credit for the HEPA filters in the filter train and no credit is taken
for the charc;at adsorbers.

Carbo a

The staff concluded in Section 15.A.11, that with respect to the radiological
consequences of all potential accidents, credit is given for the removal of
particulate iodines only. Therefore, ch rc: S adsorbers need not be credited ,

5*d
in the SBVS.

in addition to the air supply and filtration function, each divisional system
includes separate individual safety-related cooling units for each of the
equipment rooms. The safety-related equipment includes containment spray
pumps and heat exchangers, safety injection system pumps and heat exchangers,
shutdown cooling syster. pumps and heat exchangers, fuel pool heat exchangers,

Themotor and steam-drtven emergency feedwater pumps, and penetration rooms.

safety-related cooling units recirculate air through prefilters, cooling coils
serviced from the safety-related CWS, and fans. The safety-related equipment
room AHUs are powered by a Class 1E source, backed up by the emergency DG.

All cooling units are started automatically and remain operational throughout
a LOCA event. All safety-related system components ar; iesigned to permit in-
service inspection. The safety-related equipment ro p uoling units are
designed to maintain the space temperature below 38 . ,100 - *F) . . At least one

train of safety-related equipment rooms is maintained below 38 *C (100 *F)
assuming a single failure of an active component concurrent with an LOOP. j
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Redundant components of the safety-related equipment room cooling systems are

( physically separated and protected from internally generated missiles. A pipe
' break in the same safety-related mechanical train is the only possible means

of affecting the safety-related CWS. Therefore, when subjected to pipe break
effects, the components are not required to operate because the served
equipment is located in the same space as the cooling components. All safety-

'

related equipment is rated seismic Category I and located in a seismic
Category I building. The components are protected from tornadoes, and intake
and exhaust vents are protected from rain, snow, and ice. Failure of the non-
safety-related supply units will not affect the safety function of the safety-
related units.

The ESF exhaust filtration trains minimum instrumentation are listed in
CESSAR-DC Table 9.4-3A. Air flow rates of fans, operating status of fans,

temperature and flow rate of chilled water, damper positions / alignment, and
air temperatures of supply ventilation units are monitored and indicated in
the control room. The pressure drop across the supply filters and exhaust

filtration trains is monitored and indicated local The equipment is

inspected periodically and the design allows for in/ service inspection.

Because safety-related components are classified as seismic Category I and
located within a seismic Category I structure, the ventilation system meets
the requirements of GDC 2.

By virtue of design with respect to maintenance of environmental conditions
.

and consideration of dynamics effects, the system meets the requirements of

GDC 4.

As indicated in above, the system is consistent with.the requirements of
RGs 1.140 and 1.52 for en edst syetem claanup and filtration and, therefore,
meets the requirements of GDC 60. ,

ABB-CE committed to incor n e in the CESSAR-DC its response to staff RAI

Q410.119 concerning the ndservice testing, exhaust fan failure, fresh air f
intakes, and RGs 1.140 and 1.52 confomance. This was identified as Confirma-

tory Item 9.4.5-1 in the DSER. Subsequently, ABB-CE stated that: (1) all
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I

|
|

safety-related subsphere ventilation system components are designed to permit
service inspection; (2) the failure of the non-safety-related supply fan

has no e fect on the exhaust fan since negative pressure is maintained inside N.;

the subsphere and the exhaust is filtered; (3) the fresh air intakes are
located at least 9.14m (30 ft) above grade elevation and protected against
adverse environmental conditions; (4) a HEPA filter is provided downstream.of
the carbon;adsorbers and filtration components in each filtration train ar'e
shown in accordance with CESSAR-DC Figure 9.4-1 to satisfy RG 1.52; and

(5) the system includes differential pressure alarms and indication in
conformance with the guidance of.RG.1.140, as referenced in CESSAR-DC Sec-

tions 9.4.5.1 and 9.4.5.3. Therefore, Confirmatory Item 9.'4.5-1 is resolved.

The staff concludes that the SBVS complies with the applicable GDC referenced
in SRP Section 9.4.5 and is, therefore, acceptable pending incorporation of
the following items (part of FSER Confirmatory Item 1.1-1) in Amendment V to

CESSAR-DC:

1. Revise CESSAR-DC Section 9.4.5.3 on Page 9.4-28 to state that the HEPA

filters are designed to limit the offsite dose within the requirements of .

(10 CFR Part 100. Also, revise CESSAR-DC Section 9.4.5.1 on Page 9.4-24 to i

state that the SBVS is designed to limit the offsite dose following a LOCA
or DBA within the requirements of 10 CFR Part 100 and delete reference of

SRP 6.4.
.

2. Add in the end of,first paragraph on CESSAR-DC Page 9.4-28 to state that,
"The ductwork from the building exit up to and including the isolation

'

damper are qualified for the tornado differential pressure."
|

9.4.6 Containment Cooling and Ventilation System

The staff reviewed the containment cooling and ventilation system (CC&VS) in
accordance with SRP Section 9.4.5 (NUREG-0800). This system maintains

,

'

suitable environmental conditions inside the containment for normal operation,
maintenance, and testing. The system is not safety related except for dampers

and penetration ductwork that isolate portions of the system inside the
containment frw portions of the system located in the nuclear annex. The low f
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purge and high purge systems are designed to maintain the containment under

-( slight negative pressure with respect to the atmosphere.

The CC&VS is comprised of: (1) the recirculation cooling system; (2) the low-
and high-purge supply and exhaust subsystems; (3) the containment air cleanup
system; (4) the pressurizer compartment cooling redundant fans; (5) the

.
,

reactor cavity compartment cooling redundant fans; and (6) the CEDM coolirig

system.

The recirculation cooling system consists of four 33 percent capacity recircu-
lation cooling units. The recirculation cooling units remove heat in the
containment, generated by the nuclear steam supply system support structures
and RCS insulation heat loads (SSAR Wies 9.4-4 and 9.4-2), and maintain the

served areas between 15.5 *C and 43.3 *C (60 *F and 110 *F).

The low-purge subsystem relieves containment pressure during startup and
|

shutdown,fn-containment refueling water storage tank (IRWST) purge supply and
exhaust are normally closed and opened only for personnel access. The high-

purge system operates to reduce radiation levels before and during personnel
.

access to the containment. The containment high-purge system mitigates the

radiological consequences of a postulated fuel-handling accident inside
containment to conform with 10 CFR Part 100 requirements and is not used

during power operation.

The containment air cleanup system consists of prefilter, absolute HEPA
filter, carbon adsorber, post HEPA filter and a fan. It is designed to reduce i

containment airborne concentrations to approximately seven maximum permissible |
concentrations (MPC) to permit personnel access and conforms to ANSI /ANS-56.6,

" Pressurized Water Reactor Containment Ventilation Systems."
l

The reactor cavity compartment cooling and pressurizer compartment cooling- )

fans, in conjunction with the recirculation cooling system, maintain the ;

served areas below 54.4 *C (130 *F).
. |

The CEDM cooling system consists of. redundant cooling units. The CEDM cooling
|system maintains the served areas to 76.6 *C (170 *F).
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adsorber as shown in CESSAR-DC Figures 9.4-1 and 9.4-6. The location and

sequence of equipment of the high-purge subsystem parallels that of the above

J low-purge system with the following exceptions: (1) the high volume purge'

' system has two penetrations for each high purge supply and exhaust train; and1

(2) each penetration has two failed-closed pneumatically operated isolation
dampers, one in the annulus and one in containment. .

i

In response to staff Q410.120, ABS-CE stated that the containment high volume

purge system is not an engineered safety feature system. During a postulated
fuel handling accident, the charcoal' filtration is credited with filtration of
the release, but no credit is allowed for release reduction resulting from
containment isolation or mixing in the containment atmosphere proceeding the
release. ABB-CE committed to incorporate the response in the SSAR. This was
identified as Confirmatory Item 9.4.6-1 in the DSER. Subsequently, ABB-CE

stated in CESSAR-DC Sections 9.4.6.1 and 9.4.6.3 that the dose analysis

demonstrating conformance with 10 CFR Part 100 limits following a fuel-
handling accident and a control element ejection accident, only takes credit
for the HEPA filtration. No credit is taken for the :h:r:::1 adsorbers in the

M *#either of the containment exhaust paths.

The staff concluded in Section 15.A.11, that with respect to the radiological
consequences of all potential accidents, credit is given for the removal of
particulate iodines only. Therefore, T = = V adsorbers need not be credited
in the CC&VS. Q

ABB-CE revised CESSAR-DC Table 3.2-1 in response to staff RAI Q210.1 to show

that the safety-related components (eleven containment isolation dampers and
the associated penetration ductwork from the containment penetration to the
filter trains) are Safety Class 2 and seismic Category I, and that the quality j

assurance requirements of 10 CFR Part 50, Appendix B are applicable. The
remaining components are not safety related. All eleven containment isolation
dampers are nomally closed, are designed to fail closed, and receive a
containment isolation signal to close. Additionally, the high volume purge
system remains sealed closed during power operation. The containment purge
exhaust system is isolated on high radiation signal or high relative humidity

I
signals.

ABB-CE System 80+ FSER 9-117 February 1994
I

.
..

- _ _ _ _ _ _ _ _ _ _ _ _ _



.

fied as Confimatory Item 9.4.9-1 in the DSER. Subsequently, ABB-CE stated

(1) the heat loads and design parameters are provided in Table 9.4-1;that:
(2) the physical location of major components is shown in Figure 1.2-8 and the

A

system flow diagram is provided in Figure 9.4-8; (3) all safety-related
componentsaredesignedtopermitkineservic3inspectionasstatedinCESSAR-DC
Section 9.4.9.4; (4) the nuclear annex structure is designed to seismic ,

Category Iy standards; and (5.) an LOOP will not affect the safety function 'of
safety-related equipment. Therefore, Confirmatory Item 9.4.9-1 is resolved.

|

The staff concludes that the NAVS complies with the applicable GDC referenced
in SRP Section 9.4.5 and is, therefore, acceptable pending' incorporation of
the following confirmatory item in Amendment V to CESSAR-DC:

Revise CESSAR-DC Section 9.4.9.2.1 to state that the isolation dampers are1.
manually closed during a tornado warning. This is part of FSER Confirma-

tory Item 1.1-1.

*

9.4.10 Component Cooling Water Heat Exchanger Structure (s) Ventilation

Systems

The staff reviewed the component cooling water heat exchanger structure (s)
Ventilation Systems CCWHTSYS) in accordance with SRP Section 9.4.5

(NUREG-0800). As identified in the CESSAR-DC Table 3.2-1, the CCWHXSYS

components are located comoletely within seismic Category I structures, and
fans, dampers, and ductwork are protected from floods and tornado missile
damage and interaction with other non-seismic systems. The fans, dampers,
ductwork, unit heaters and supports are designed as seismic Category II, non-
nuclear safety class, and the quality assurance requirements of 10 CFR
Part 50, Appendix B do not apply. -The system is not required to operate for-

the CCWS to perform its safety function. The component cooling water heat
exchanger structure (s) is seismic Category I, Nuclear , Safety Class 3, and the

quality assurance requirements of 10 CFR Part 50, Appendix B apply.

Two CCWHXSVS are provided, one for each division of CCW. The two systems are
Each

physically separated and there is no interaction between the systems.
system consists of a fan, associated motor operated intake and exhaust
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offsite power. The discussion addresses how the performance of these safe

O shutdown functions will not be compromised by spurious operations induced by a
G fire either inside or outside the containment. Specifically, the subject

section indicates that adverse effects due to fire induced spurious operations
will be prevented by one, or an applicable combination, of the following
design fehtures: (1) needed shutdown system lines will have two power .

operated valves in series with the valves powered by different divisions o'r
different channels within a division.:nd thc ni w3 Will be "id ly s g ar:ted

2nd % different fire rm+ (2) the associated MCCs for the valves will be in
different fire areas; and (3) the MCC breakers associated with the valves are
opened once the valves are placed in desired position (i.e., closed or open).
The section also states that the solenoid valve power supply fuses are
normally removed to prevent fire induced spurious opening of the single
isolation valves provided on each of the two vent lines of each safety
injection tank. ABB-CE has also provided a Fire Hazards Assessment document
to the NRC. This document, among other things, includes a safe shutdown

analysis for System 80+. In the document, ABB-CE has listed or discussed, as

appropriate, the following: (1) the criteria for achieving and maintaining

fT safe shutdown following a fire (i.e., the ability to achieve and maintain safe
J shutdown without entering into the fire area for repairs or manual opera-

tions); (2) gesign basis goals for safe shutdown; (3) safe shutdown perfor-
mance objectives; (4) systems required for safe shutdown; (5) safe shutdown

components; (6) protection against associated circuit concerns; (7) prevention
of fire-induced high/ low pressure interface breaches; and (8) a list identi-
fying fire areas that.contain equipment required for safe shutdown following a
fire and the redundant areas that contain the corresponding redundant equip-

ment. Regarding preventing fire-induced high/ low pressure interface breaches,
the subject document (Section 7.6) states that the RCS MOVs which serve as

high/ low pressure interfaces and are required to be closed during normal power
operation, will have the valve motors deenergized during power operation to
prevent such fire-induced breaches. .

Based on its review of the Fire Hazards Assessment document and CESSAR-DC
subsections 9.5.1.3.6, 9.5.1.3.7 and 9.5.1.3.8, the staff concludes that
associated circuit interactions due to a fire in any plant fire area will not

/~

b>
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divisions, and, with two exceptions, HVAC ducting does not penetrate
i

three-hour-rated fire barriers separating divisions. increfuru, .d th two Ng

empika:, fire d peer ve-1?riminateo from Uie ABS-CE Sota SN design. . 4g0

TM: bpHf!" nnt M y the der!;n ;f the system 00+ ||"AC syster, but :he % gj

ef the pl::t.)L'%/rog;dyh:t:11atka :nd .aeintenensu vi ine sy nem inruushuui ihu l i fu
:

One exception to the division-specific HVAC system is a single opening in'the # g
divisional fire wall that separates the redundant AHus. An air intake duct '%

that supplies makeup air to the redundant control room system passes through Wrig

this opening. This arrangement, which is necessary for nuclear safety
Thereasons, enables makeup air to be drawn from either side of the facility.

The otheropening is protected with a combination fire and smoke damper.
exception is the fuel building ventilation system.

In the DSER, the staff identified the need for a description of the design and
Thisoperation of the components used in the smoh removal mode of operation.

was identified as DSER Open Item 9.5.2.2-2 in the DSER.

In the CESSAR-DC, Section 9.5.1.2, ABB-CE indicated that the HVAC system will

be designed to remove smoke and mitigate smoke migration beyond the area of

origin in the event of fire. The dedicated fans for smoke purge will be
designed to exhaust at a minimum of 945 L/ min per m2 (3 CFM/ftt) of floor

The normal ventilation is dasigned to provide an air flow of 315 L/ minarea.
per mr (1 CFM/ftr) of floor area or vore. ABB-CE indicated that the layout of
the ductwork is such that it ensures ventilation of all corners of the area as
much as practical. The design as described will provide a lower pressure into
the division experiencing the fire that will prevent or significantly reduce
the amount of smoke migration to other divisions. In CESSAR-DC, Amendment U,

Section 9.5.1.8.2, ABB-CE indicated that the ventilation system will be
designed in accordance with NFPA 92B, " Guide for Smoke Management Systems in
Halls, Atriums and Large Areas." ABB-CE's proposed HVAC design is in accor-
dance with BTP CHEB 9.5-1 and SECY-90-016 and is acceptable. Therefore, DSER

Open Item 9.5.1.2.2-2 is resolved.
.

O
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ABB-CE's commitment to design the system in accordance with National

Fire Protection Association Standards is in accordance with BTP
O' / CMEB 9.5-1 and is, therefore, acceptable.'

2. The sprinkler systems in the reactor building and the wet standpipe
systems in the reactor and control buildings must be designed in ,.

compliance with ANSI B31.1 and analyzed to remain functional following'
a safe-shutdown earthquake. A portion of the water-supply system,
including a tank, a pump, and part of the yard supply main must be
designed to these requirements also. The remainder of the water
systems must be designed to the appropriate fire-protection standards.
During normal operation, the seismically designed and non-seismically
designed systems must be separated by normally closed valves and a
check valve, so that a break in the non-seismically analyzed portion
of the system cannot impair the operation of the seismically designed

portion of the system.

CESSAR-DC Section 9.5.1.7.3.C indicated that the sprinkler system

/~~'T piping is seismically restrained to avoid interaction with systems, l

V equipment, and components which must function following a design basis j
|seismic event. Also, Section 9.5.1.7.4 stated that " fire hose and 1

standpipe systems located in the Reactor Building and Nuclear Annex ,

|
'"?t L ??. 3.n. iMM%2_.%_ _ d. .tWV, v . . _ f. _.., w_ noe %.| M Each connec- |-.au um ou um y . . . .

tion of the standpipe system to the fire protection water distribution |

system includes a manual isolation and a back flow prevention check
valve which is seismically qualified."

The fire hose and standpipe systems located in the Reactor Building
and the nuclear annex will be designed to remain functional following
a safe shutdown earthquake. The piping system serving such hose
stations will be analyzed for SSE loading and will,be provided with
supports to ensure system pressure integrity. The piping and valves
for the portion of hose standpipe system affected by this . functional |

requirement will be designed, as a minimum, to satisfy ANSI B31.1.
The System 80+ design, as discussed, is in accordance with the
BTP CHEB 9.5-1 and, therefore, is acceptable.
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CESSAR-DC Section 9.5.1.8.4 states that where fixed fire protection systems
are installed, floor drains are provided, sized to collect water discharge. g',

*
w

In areas where drains are not installed due to pressure boundary constraints,
;

equipment susceptible to water damage is installed on six inch elevated curbs.

.9 Based on the above, DSER Open Item 9.5.1.4.3-1 is resolved. |
1

.E : 1

1 (

5 9.5.1.4.4 Smoke Control

The DSER stated that ABB-CE must submit more detailed information on utiliza-
;b tion of the HVAC system for smoke removal and control during fire. This was

.3 identified as DSER Open Item 9.5.1.4.4-1. CESSAR-DC, subsection 9.S.I.8.2
,

I

Q indicated that the ventilation systems will be designed in accordance witht-

y NFPA 9Dand NFPA 92B," Guide for Smoke Management Systems in Malls, Atriums,

A. and Large Areas." As discussed in Section 9.5.1.2.2 of this SER, ABB-CE's

[ response is acceptable. Therefore, DSER Open Item 9.5.1.4.4-1 is resolved.

9.5.1.4.5 Access / Egress Routes

Section 1.4.1 of the ABB-CE System 80+ Design Fire Hazards Assessment, states

that the plant arrangement is carefully evaluated to ensure adequate means of
personnel egress and fire brigade access are provided. Additionally, in

i

Section 3.2 of the Fire Hazards Assessment, ABB-CE states that it will comply

with the provisions of SRP Section 9.5.1. The staff accepts this as a

commitment to provide clearly marked exit routes for each fire area. These -|

routes will be designed to comply with applicable life safety codes and
standards. These provisions for access and egress routes conform to the
guidelines in Section C.5.g of BTP CMEB 9.5-1 and Section III.G of Appendix R
to 10 CFR Part 50, and are acceptable.

9.5.1.4.6 Construction Materials and Combustible Contents
|

ABB-CE has committed in the System 80+ Design Fire Hazards Assessment Sec-

tion 1.4.1 to furnish appropriate fire-resistance ratings for structural |

members, and noncombustible or fire-retardant interior finish materials.
ABB-CE also comitted in SRP Section 3.2 to comply with the provisions of SRP

Section 9.5.1.
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fire barriers for areas as indicated by CHEB 9.5-1. ABB-CE

commits to meet BTP CMEB 9.5-1 (and SEC -90016) for the installation |

of fire protection features. Therefore, pen Item 9.5.1.6-4 is |

resolved.

The normal HVAC system will be utilized for smoke removal from any area5.
with .a fire, and for smoke control to prevent migration from an area 'with

a fire to other fire areas. The DSER indicated that ABB-CE has not
submitted details of operation of the HVAC system operating in the smoke

control / smoke purge mode. Therefore, the staff is unable to complete its
|

review of this mode of operation of the System 80+ design HVAC system.
This was identified as DSER Open Item 9.5.1.2.2-2 in the DSER.

As previously discussed in Section 9.5.1.2.2 of this SER, ABB-CE
indicated that the HVAC system will be designed to remove smoke and

mitigate smoke migration beyond the area of origin in the event of
fire. The dedicated fans for smoke purge will be designed to exhaust |

at a minimum of 945 L/ min per m2 (3 CFM/ftz) of floor area. The
I

normal ventilation is designed to provide an air flow of 315 L/ min per g
W

m2 (1 CFM/ftr) of floor area or more.

In the CESSAR-DC, Amendment U, Section 9.5.1.8.2, ABB-CE further indi-
cated that the ventilation system will be designed in accordance with

I

NFPA 928, " Guide for Smoke Management Systems in Malls, Atriums and

Large Areas.' ABB-CE's proposed HVAC design is in accordance with
CMEB BTP 9.5-1 and SECY-90-016 and is acceptable. Therefore, DSER f

|
Open Item 9.5.1.2.2-2 is resolved.

ABB-CE must confirm that no penetrations exist in the three-hour-rated6.
barriers separating fire areas containing redundant trains of safe-

!
shutdown equipment. This was identified as DSER Open Item 9.5.1.6-5 in

DSER. |

In a letter dated June 11, 1993, ABB-CE indicated that with few excep-
tions, there are no openings in the three-hour-rated wall between
redundant equipment required for safe shutdown. In cases where there

ABB-CE System 80+ FSER 9-162 February 1994
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Compliance of the System 80+ DG auxiliary support systems with the recommenda-

tions of NUREG/CR-0660 is summarized in Table 9.1.2 to this FSER. Compliance

to individual recommendations is discussed in other sections of this report
concerned with applicable DG auxiliary support systems.

Security Considerations .

!

iThe staff considers that the DG and its support systems (fuel, cooling water,
starting air, lube oil, exhaust, field flashing, and instrumentation and con-
trols) are vital systems; therefore, as required by 10 CFR 73.55(c), access to
all DG and vital support systems' components should require passage through

two barriers. (Locked security doors controlling access between two adjacent
vital areas are not desired, if access to each vital area is otherwise con-
trolled.) The description in CESSAR-DC Sections 9.5.5, 9.5.6, 9.5.7,
and 9.5.8 of the protected location of DG components (i.e., the DG building)
did not address protection from sabotage. The DG building was not included as
a vital area in ABB-CE's response of September 28, 1989, to RAI Q500.7; also,
ABB-CE's response to followup RAI Q500.21 referred to the DG building as a
vital area only in the sense of radiation protection guidance of RG 1.97 and

) HUREG-0737. Vital designation of the DG system in the sense of 10 CFR Part 73
was identified as DSER Open Item 9.5.4.1-1. Subsequently, ABB-CE revised

CESSAR-DC Sections 9.5.4, 9.5.5, 9.5.6, 9.5.7, 9.5.8 and 9.5.9 to designate
the DG's systems as vital systems. This change resolved the staff's concerns
about designation of the DG systems and this item is considered closed.

9.5.4.l.2.
In a letter of February 28, 1992, EPRI advised ABB-CE to add Sectio 9.5. : . ' l 4

to the 'CESSAR-DC st;ating that the diesel fuel storage structure is a seismic
'

Category I structure within the scope of the operating license applicant and
requiring ABB-CE to build a structure that is in the " vital protection area"
and that will " withstand the effects" of a sabotage event. The staff inter-
prets that terminology to mean that access to equipment within the diesel fuel
storage structure requires passage through both the protected area fence and

|
an additional vital barrier. The proposed vital area designation is in

I accordance with the NRC Review Guideline 17 criterion that seismic Category I

equipment be considered vital equipment and is acceptable. However, the

} proposed description of the ventilation system for the diesel fuel storage

ABB-CE System 80+ FSER 9-179 February 1994
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COMMENTS ON FSER R

The following'are comments on individual FSER sections. In
addition, markups of these sections are provided.

<

9.2.1 Station Service Water System

1. (Refer to FSER page 9-54) d

The SSWS sump pumps are Safety Class NNS'and non-seismic. '

See Table 3.2-1,

2. (Refer to FSER page 9-55) '

INSERT A: (from CESSAR-DC Section' 9.2.1.2.1.1)

"the highest expected operating temperature and flow, at the
normal water elevation, and assuming the traveling screens
are 50% clogged. The available NPSH exceeds the required
NPSH for worst case water elevations for all operation,
flow, and temperature conditions."

3. (Refer to FSER page'9-55)

INSERT B (from CESSAR-DC Section' 9.2.1.2.1.1) *

"(Note: For worst case UHS water elevation, the margins-
previously specified need not apply.)" |

9.2.2 Component Cooling Water System

4. (Refer to FSER page 9-59)

INSERT __CA -(from CESSAR-DC Section 9.2.2.1.1 (F))

" Containment isolation valves and containment penetration-''

piping are Seismic Category I and Safety Class.2."

5 .- (Refer to FSER page 9-59)

Diesel-generator engine. starting air aftercoolers.are n'on- ,

essential. See CESSAR-DC Section 9.2.2.2.

,

1
'

y

,

I
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COMMENTS ON FSER

6. (Refer to FSER page 9-59)

INSERT D (from CESSAR-DC Section 9.2.2.2)

"Non-essential components are supplied component cooling
water by means of non-nuclear safety class. cooling loops
with the exception of the charging pump motor coolers and
miniflow heat exchangers, the instrument air compressors,
and the diesel generator engine starting air aftercoolers
which are supplied component cooling water by means of
Safety Class 3 cooling loops."

7. (Refer to FSER page 9-59)

There are valves in the CCWS (i.e., CC-145 and CC-245 on the
discharge line of the charging pump miniflow heat
exchangers) that utilize instrument air but are not safety
related. It is not necessary for these valves to have
safety-grade operators and solenoid' valves.

8. (Refer to FSER pages 9-61 through 9-66)

Pages 9-61 through 9-66 are in the FSER twice.

9.2.5 Ultimate Heat Sink

SEE MARKUPS.

9.2.9 Chilled Water System

9. (Refer to FSER page 9-73)

The computer room is supplied by the NCWS,

10. (Refer to FSER page 9-76)

Air-operated butterfly valves are shown in CESSAR-DC Figure-
9.2.9-1.

9.3.1 Compressed Air Systems

SEE MARKUPS.

2
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COMMENTS ON FSER

9.3.3 Equipment and Floor Drainage System

NO COMMENTS.

|

9.5.2 Communication Systems

NO COMMENTS.

9.5.3 Lighting System

11. (Refer to FSER page 9-169)

IHEAT_A1.

"The security lighting system will be considered part of the
permanent non-safety systems and will be fed from the
Alternate AC (AAC) Source (Combustion Turbine). Selected
portions of the security lighting system essential to
maintaining adequate plant protection are powered from a
non-Class lE battery power source."

12. (Refer to FSER page 9-171)

This information is incorrect. The Class lE distribution
system does not supply at least one of the circuits
supplying the lighting fixtures for the normal lighting
system in safety related areas. The following is a brief
explanation of the normal lighting system and the emergency
lighting system:

The normal lighting system provides general
illumination throughout the plant. The circuits to the ;

individual lighting fixtures are staggered as much as I

possible with the staggered circuits fed from separate
electrical divisions to ensure some lighting-is
retained in the room in the event of a circuit failure.
The normal lighting system is considered part of the
plant permanent non-safety systems. As such, the normal i

lighting system is energized as long as power from an j
offsite power source or a standby non-safety source
(Combustion Turbine) is available. The Combustion
Turbine is designed to start automatically within two
minutes from the onset of a LOOP event.

1

3
;

- . . . . . . .. . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____________________________..___________..______._._._..________________.______._.___________d'



COMMENTS ON FSER

The emergency lighting system is used to provide
acceptable levels of illumination in vital areas
throughout the plant upon loss of.the normal lighting
system. Emergency lighting is accomplished by
conventional AC fixtures fed from Class lE AC power
sources and Class 1E DC self contained, battery
operated lighting units. Class lE DC self contained,
battery operated lighting units are supplied AC power
from the same power source as the normal lighting
system in the area in which they are located.

Emergency lighting in the main control room is provided
such that at least two circuits of lighting fixtures
are powered from different Class lE divisions. The
emergency lighting system in the main control room
maintains minimum illumination levels in the main
control room during emergency conditions including
station blackout.

13. (Refer to FSER page 9-172)

IHRERT G:

"the luminaries are of a proven design with long life and
low maintenance requirements, such as fluorescent, metal-
halide, and high pressure sodium lamps. Mercury vapor lamps
are not used in fuel handling areas."

14. (Refer to FSER page 9-170)

Emergency procedures and hazard analyses have not been
completed. They will be completed as COL applicant items.

9.5.10 Compressed Gas System '

NO COMMENTS.

1

i

j
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The SSWS pumps are located in a seismic Category I structure that is protected
from floods and tornado missiles. The SSWS pumps, strainers,au p pc p:3 and @
traveling screens are seismic Category I, Safety Class 3, Quality Class I, as

is shown in CESSAR-DC Table 3.2-1.
In addition, the SSWS is designed to

preclude any adverse interaction with non-seismic systems in the vicinity.
Therefore, the design presented in the CESSAR-DC satisfies GDC 2 by meeting

#

the guidance of RG 1.29, Position C.1, with respect to its seismic

requirements.

All essential SSWS components are fully protected from floods, tornado-
Inmissiles, internal missiles, pipe breaks, pipe whip, and jet impingement.

addition, the system is designed to minimize the potential for water hammer by
The SSWS is alsoproviding for adequate filling and high-point vents.

installed underground or in buildings that will protect it from adverse envi-

ronmental conditions. In the event of a loss-of-offsite power (LOOP), the
SSWS will be shut down and restarted in accordance with the diesel generator

(DG) load sequencing. The DG sequencing times are confirmed to be commensu-
rate with SSWS requirements regarding component cooling. Accordingly, the

design presented in the CESSAR-DC satisfies GDC 4.
l

The staff reviewed the design of the SSWS to identify shared systems and
The two divisions of the SSWS are physically and electricallycomponents.

separate and share no components or systems. Although the System 8D+ design
can be used at either single-unit or multiple-unit sites, in CESSAR-DC Sec-
tion 1.2.1.3, ABB-CE . states that the independence of all safety-related
systems and their support systems will be maintained between (or among) the

In the DSER, the staff stated that should a multi-unitindividual plants.
site be proposed, the COL applicant would have to apply for the evaluation of
the units' compliance with the requirements of CDC 5, " Sharing of Structures,
Systems, and Components," with respect to the capability of shared structure,
system, and components (SSCs) to perform their required safety functions.'

Upon further review, the staff has determined that the design described in
CESSAR-DC does not share structures, systems, or components with other nuclear

-

power units and, therefore, meets the requirements of GDC 5. I

,

9-54 February 1994
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Each division can provide safety-grade shutdown cooling via both pumps for up

f to 36 hours and post-loss of coolant accident (LOCA) cooling via one pump for

up to 30 days. Each of the four identical SSWS pumps (two per division) can I
:u

provide 100 percent of the required flow for post-LOCA conditions. During S
3

Ifnormal operation, only one pump per division is required to be operating.
a low pump discharge signal is received, the second pump in the respective, j
division automatically starts. The pumps are of the~ vertical centrifuga1' type
and are installed so that they meet the minimum net positive suction head '

(NPSH)afth simulta us occur ence of U pond dr -down, ma ' um pond

emperatur , maximu ow thr gh the se ens and ping to t pits, d the h
a"pmoti n that_t safety- ade scree are clo.ged.[The minimum available

NPSH is the smaller of either 25 percent 4f, or 3m (10 ft) greater than, the g
required HPSH specified by the pump vendor fThe pumps have at least a mssT @

6
7-percent margin in head at the pump design point. The head versus flow curveCO

is continuously rising from the design point to shutoff.4
,

4--

f Instrumentation that monitors the SSC flow, temperature, and system pressure,
as well as radiation levels within the SSWS inventory, supports automatic sys-
tem actuation features and alarms to alert the operator to anomalous operating

- conditions. These features ensure that the SSWS is properly removing heat
,

from the CCWS and transferring heat to the UHS. In addition, these features

detect pipe breaks and related system failures to minimize the resulting
adverse consequences and to prompt mitigating actions. As noted earlier, the
design comprises two full-capacity divisions, each of which has two redundant
trains to provide the necessary cooling. The system is designed to accommo-
date a single failure in a train and compensates for the postulated single

failure via: (1) reliance on the redundant train within the division or;
(2) the two trains of cooling provided in the other division, or both,
depending on the single failure. The staff also reviewed the design to ensure
that isolation valves were installed and c.ould be remotely operated to ensure
that the system's safety function would not be compromised by a pipe break, a
component failure, or a related failure. ABB-CE incorporated adequate
isolation and control provisions into the design to protect the system from
postulated failures. Therefore, the system meets the requirements of GDC 44
with respect to cooling water by providing a system to transfer heat from SSCs

important to the safety of the UHS.

ABB-CE System 80+ FSER 9-55 February 1994
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two heat exchangers, a
Each division of the CCWS includes the following:
surge tank, two component cooling water pumps, a chemical addition tank, a~

(~
component cooling water radiation monitor, two sump pumps, a component cooling
water heat exchanger structure sump pump, and related piping, valves, instru-

No cross-connection exists between the two divisions.mentation and controls.
The CCWS is cooled by the SSWS that removes heat from the tube side of the.'

To preclude leakage from the SSWS to the CCWS, the'CCWSU CCWS heat exchangers.

operates at a higher pressure than the SSWS.

$ Each CCWS division consists of an essential and non-essential cooling loop.
The essential cooling loop piping and components (e.g., heat exchangers, pumps

@
and surge tanks)g CI"s,- end centeinment-penettet4cn pip %;- are [eismic
Category I and Safety Class 3.4 The essential portion of the CCWS supplies

shutdowncooling to the following redundant safety-related components:
cooling heat exchangers, mini-flow heat exchangers, and pump motor coolers;
safety injection pump motor coolers; containment spray heat exchangers, mini-
flow heat exchangers, and pump motor coolers; component cooling water pump
motor coolers; spent fuel pool heat exchangers and pump motor coolers; motor
driven emergency feedwater pump motor coolers; DG' jacket water coolers -end- @

{ The non-essential
-- C -enginc : tarting cir :f terc ler; and essential chillers.

y portion of the CCWS supplies cooling to the reactor coolant pump motor air
W coolers, upper $Y$#1:rer bear 4ng oil coolers, oil coolers, seal coolers, and"

high pressure coolers; letdown heat exchanger; charging pu.sp matcr c;cler: d2
-

k mini-ficu heat exchanger; sample heat exchangers; gas stripper overhead hcondenser and :ftereneler; boric acid concentrator -distillate-eccler, condca:-

+r, :nd conder.scr vcat ceeler; nFS enti:1 chilled water condensers; and
instrument air compressorsand afterce:1ers.& The isolation valves separating
seismic Category I portions from the nonseismic portions are Class 2 or 3

-The n:n caenti:1 10 p: Ore-
(i.e., Quality Group B or C, respectively).
-ce pered of nen-nuclear refety piping -and c:mponent:, with-the exccptica cf h

In addition,
4he CIW :nd penetrat4e9 piping (these 2*e MSI Safety C1::: 2).'

the CCWS is designed to preclude any adverse interaction with non-seismic
Therefore, the design presented in the CESSAR-DCsystems in the vicinity.

satisfies GDC 2 with respect to its seismic requirements by virtue of meeting

/; .

l~

9-59 February 1994
ABB-CE System 80+ FSER

9

_ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ - . - - . _ _ _ _ _ . _ - _ _ _ . _ _ - _ - . _ _ _ _ . _ _ _ . _



. .

the guidance of RG 1.29, Position C.1, with respect to safety-related portions
of the system, and Position C.2, with respect to non-safety-related portions

of the system.

All essential CCWS components are fully protected from floods, tornado-
missiles, internal missiles, pipe breaks, pipe whip, and jet impingement, . The,

two divisions of the CCWS are physically separated and are routed so as to be

protected from adverse environmental conditions that could impair performance.
In addition, in responding to Q410.76, ABS-CE stated that the effects of high-
and medium-energy pipe breaks are considered in the design of the CCWS.

Specifically, the response indicates: "The CCWS safety-related components are

designed and protected such that this type of failure would not affect the
safety performance of the CCWS." See Section 3.5 of this SER. Accordingly,
as presented in the CESSAR-DC, the design satisfies GDC 4.

The CCWS is also designed to minimize the potential for water hammer by having
Ventsvents in all high points and drains in all low points of the system.

are located to ensure that the piping is filled with water; this reduces the
chances of water hamer after pump start up. Also, valve opening and closing

times are selected to minimize water hammer effects. Similarly, the system's
'

mechanism for venting, the surge tanks are located at the system's high point

to facilitate venting and filling.

In theThe CCW'S receives power from the Class IE auxiliary power system.
'

Each ofevent of an LOOP, DGs. provide power to the auxiliary power system.
the two DGs is capable of supplying-100 percent of the power required for

'

!

An LOOP wouldoperating a division of the ne'cessary safety-related equipment.
result in the shutdown of the CCWS and its subsequent restart, in accordance
with the DG's load sequencing. The sequencing logic ensures that the appro-

priate CCWS pump is loaded within approximately 10 seconds.
.

9-relad (instrument air) systemsed airSeveral valves in the CCWS rely on the comp gade a
In the CCWS, all valves depen 6nt on compressed air havey

for operation.
safety-grade operators and solenoid valves. In the event of a loss of the r

compressed air system (e.g., during an LOOP event), the safety-related
| I

solenoid valves are vented and the valve would fail in the prescribed fail-
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!Two valves in series are provided at each safety /non-safety inter-function. |

These valves automatically close on a low-low surge tank level, pre-face.
venting the loss of the safety portion of the system and also limiting the
water that would be released into the building as a result of a failure in the j

non-safety portion of the system. The isolation times of these valves are |

adequate to preclude excessive drawdown of the surge tanks.
.

|
Inventory losses that result from a failure in the non-essential portions of

Makeup
the CCWS can be compensated for by makeup water from the surge tanks.

waterisnormallyprovidedtothesurgetanksDythgemineralizedwater nMbp
However, when the demineralized water + system is unavailable, such assystem.

during an accident, a backup make up-water line of seismic Category I design
I

can be provided by installing a spool piece to connect the SSWS to the CCWS
Using the SSWS as a makeup water system provides a backup to thesurge tank.

intact division, since in the case of a major leak in one of the CCWS divi- ;

!

sions, the affected division is removed from service and the redundant

division is there to be used.

Leakage into or out of the CCWS is detected by level monitoring of both surge |

tanks and sumps, as well as radiation monitoring. Safety-related instrumenta-
|.

tion on the surge tank in each division alerts the operators to high, low, and
-

low-low levels in the tank that indicate system leakage. These monitors are
complemented by high-level alarms for the CCWS sumps and the CCWS heat '

In addition, radiation monitors located downstreamexchanger structure sumps.
of the CCWS pumps will identify any leakage of radioactive fluids into the

CCWS.

RCP
The CCWS cools the following reactor coolant pump (RCP) support systems:

high pressure cooler; RCP seal coolers;-RCP4 ewer-bearing-e+1-cesler; RCP
motor coolers; and RCP app"cYT:: rig oil coolers. These RCP support systems

However, the supply and r

are part of the non-essential portion of the CCWS.
return headers for the RCP support systems do not isolate on an safety ]

injection actuation signal (SIAS) and will be supplied with cooling water !

following a small-break.LOCA with an LOOP in accordance with the requirements
of 10 CFR 50.34(f)(1)(iii). Low- and high-flow alarms are provided for the

These alarms alertvarious RCP heat exchangers which use CCWS for cooling.

1 February 19949 62ABB-CE System 80+ FSER
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I

The motor-operated valves in the essential portions of the tsafe position.
CWS are powered from diesel-backed power sources and would be available![

su sequent to an LOOP.
'

,

comprises two divisions that are spatially and electricaT1y separatedThe CC
This design precludes any s' ingle < everpt

and shar o components or systems. j
Each division is individua11y capable of pr'o-

fromaffectygbothsystems. p
viding the requisite heat removal capability to support a reactor shutdown and!

following a design-basis accident (DBA)[ In addition, thecontinued cooli
design has redund t trains within each division ensuring that the failure of
an individual compo nt or train will not . impair the functionality of the

tem 80+ design can be used a't either single or multiple
CCWS. Although the S p
unit sites as described n CESSAR-DC Section 1.2.1.3, ABB-CE states that the

elated systems and'their support systems will beindependence of all safet

maintained between (or amon the individual plants. Should a multi-unit site

be proposed, the COL applican ould have o apply for the evaluation of the

units' compliance with the requir ments/of GDC 5, " Sharing of Structures, Q
Systems, and Components," with res et to the capability of shared structures, W

t ir required safety functions. This was{ systems,andcomponentstoperfors,hehER.identified as COL Item 9.2.2-1 in Upon further review the staff has

determined that the design desc7 ed in CfSSAR-DC does not share structures,b
Therefore, the CCWS

systems,orcomponentswitho)hernuclearpbwerunits.
meets the requirements of GDC 5, and COL Acti Item 9.2.2-1 is resolved.

1so ensure that safety functions can be performed

Theredundantdivision[sassuming a single acti e component failure coincidewith the LOOP. Within

each division, ABB-CE has designed component redundancy (e.g., two pumps, two

heat exchangers);to! ensure that a single failure would no typically compro-

mise the heat removal function of a division. ]

|

This componen redundancy is complemented by the motor-operate valves that
4

isolate an ndividual division or individual trains wit.hin a div ion. These-
isolation alves protect the essential components from failures of'the non-

Thepipingandinstrumentationdiaghams
[ essentia portions of the CCWS.

(P&ID f clearly identify the class breaks between the essential and no

[( esse tial portions of the system and the valves that provide the. isolation'

ABB-CE System 80+ FSER 9-61 February 1994
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Two valves in series are provided at each safety /non-safety inter-function.
\ These valves automatically close on a low-low surge. tank leve17 pre-f ca.
ve ting the loss of the safety portion of the system and also limit.ing.the

that would be released into the building as a result of a failure in thefwate
non-s ety portion of the system. The isolation times of these valves are
adequat to preclude excessive drawdown of the surge tanks.-

,
,

1

sses that result from a failure in the non.sessential portions ofInventory
Makeup

theCCWScanycompensatedforbymakeupwaterfropthesurgetanks.
water is normal provided to the surge tanks by the demineralized waterp

However, when the demineralized water system is unavailable, such assystem. p
during an accident, a backup make up-water 1,ine of seismic Category I design
can be provided by in talling a spool piece,/to connect the SSWS to the CCWS
surge tank. Using the SWS as a makeup w,ater system provides a backup to the
intact division, since i the case of a/ major leak in one of the CCWS divi-

'

sions, the affected divisio is remove'd from service and the redundant

division is there to be used.
,

Leakage into or out of the CCWS i detected by le_ vel monitoring.of both surge _ |
u

tanks and sumps, as well as radiati monitoring. Safety-related instrumenta- gS ' I

tion on the surge tank in each divisi alerts the operators to high, low, and \/

low-low levels in the tank that indicate ystem leakage. These monitors are
complemented by high-level alarms for the CWS sumps and the CCWS heat

in addition, ra tion monitors located downstreamexchangerstructures, uhs,
of the CCWS pumps w 11 identify any leakage of adioactive fluids into the -

CCWS.

RCP

The CCWS cool he following reactor coolant pump (RCP{ support systems:

high pressury cooler; RCP seal coolers; RCP lower bearig oil cooler; RCPThese RCP support systems-
motor coole,rs; and RCP upper bearing oil cooler.
are part pf the non-essential portion of_ the.CCWS. 'Hpyevebr, the supply and-safety

return peaders for the RCP support systems do not isolate on'a(Tig waterinject on actuation signal (SIAS) and will be supplied with coo '

ing a small-break LOCA with an LOOP in accordance with the requirementsfoll L
of 0 CFR 50.34(f)(1)(iii). Low- and high-flow alarms are provided for the

These alarms alert
vprious RCP heat exchangers which use CCWS for cooling.
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the control room of flow anomalies associated with the heat exchangery and

f ensure that timely notification of the cooling problem is provided to protect)
t\eRCPpumps,

f
Based n the above discussion, the system meets the requiremerits of GDC 44

with rekpect to cooling water by providing a system to tran er heat to the
'

UHS from.s' ructures, systems, and components important to safety.

Components of e CCWS can be fully tested during normal operation. The
/

redundant train gf equipment within each division 7provides flexibility in the }
scheduling and conduct of inspections. In addition, tests to verify proper

operation of individual CCWS components can b conducted using installed

bypass and recirculati loops. These test supplement the system level tests
by verifying acceptable performance of e h active component in the CCWS. The
surveillance and testing te uirements are discussed in Chapter 16 as part of
the staff's review of CESSAR DC Chap er 16. Therefore, GDC 45 is met.

The seismic design and isolation rovisions between essential and non-
been reviewed and found acceptable. In

{
essential portions of the CCWS a
addition, the staff verified hat th CCWS will provide cooling to essential

ormal, and accident conditions. h'
nuclear components during[ noma 1, offAccordingly, the CCWS me s GDC 46. !

In response to RAI 04) .111(b), ABB-CE adde dual isolation valves in series
ABB-CEwhere the essential hnd non-essential portiorts of the system meet.j

also identified s veral sections and tables o the CESSAR-DC that needed to be
revised to add r ference to the addition of the valves. However, ABB-CE did

not provide an reference to these valves (CC-122, CC-123, CC-222 and CC-223)
in CESSAR-DC Section 9.2.2.2.2.5, " Emergency Operat on." This was DSER Open

By CESSAR-DC Amendment R, hBB-CE has provided theItem 9.2.2 in the DSER.
reference of these valves in Section 9.2.2.2.2.5, " Emergency Operation." The
staff f nds that the DSER Open Item 9.2.2-1 is resolve'd.

The d sign of the CCWS. complies with GDC 45, 46, and 2 with respect to
inser/vice inspection and testing requirements and protection a\ gainst natural}

phenomena for its safety-related portions. The system design also meets the\
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guidelinesofPositionsC.1andC.2ofRG1.29withrespecttoseismicjortions
Nequirements for the safety related and applicable non-safety-relatedwithFurther, the system design complies with GDC 44 ando the system.
respect to cooling water requirements and protection against internally and

postulated
externb ly generated missiles and dynamic effects resulting fro

Therefore, the staff concludes that the sys em design meets
pipingfa(ures.
the applicabl acceptance criteria of SRP Section 9.2.2.

Security Considera sions

the CCWS is a vital syste ; therefore, as required by
The staff considers tha
10 CFR 73.55(c), access to all CCWS components, deluding pumps, piping,
valves, heat exchangers, co 1s,powersup)p

s, and other essential coat-

require passage through two barriers. (Locked
ponents and auxiliaries, shoul
security doors controlling access betwee ! wo adjacent vital areas are nott

s othemise controlled.) The descrip-
desired, if access to each vital area

f the protected location of CCWS compo-
tioninCESSAR-DCSection9.2.2.3(p)
nents did not address protection rom s botage. Vital designation of the CCWS

i

was identified as DSER Open Ite 9.2.2-2. By CESSAR-DC Amendment L, ABB-CE f

added the following statement o CESSAR-DC ction 9.2.2.1.1: "The CCWS is

and, therefore, will be protected from sabotage."designated as a vital syste
By adding this statement A B-CE has clarified that the CCWS is a vital system

f
and resolves this item. ,

i 1

In a letter of Febru ry 28, 1992, ABB-CE proposed to dd a new section to the

CESSAR-DC (Section
.2.2.1.4) which would state that th CCWS heat exchanger

structureisaspsmicCategoryIstructurewithinthescopeoftheCOL
applicant and 3 uld require that applicant to provide a CC S heat exchanger6

is in the " vital protection area" and that wi 1 " withstand thestructure tha
effects" of sabotage event. The staff interpreted that term (nology to mean

requires
to equipment within the CCWS heat exchanger structuthat acces

rough both the protected area fence and an additional y tal barrier.passage iew
The proposed vital area designation is in accordance with the NRC
Guideline 17 criterion that seismic Category I equipment be considerq vital

However, the proposed description
equ[pment; that designation is acceptable.
of the CCWS heat exchanger structure ventilation system and its fresh ait

.

February 1994'
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intakes did not make reference to ventilation barrier guidance pf RG 5.65,

f " Vital Area Access Controls, Protection of Physical Security E uipment, and

Key and Lock Controls," and was not sufficient for the staff o determine that I

\a s ructure designed to these requirements will adequately rotect the vital
This was identified as COL Action Item 9.2.2-2. By CESSAR-DCbarr r. ,

Amendme Q, ABB-CE added the following statement to CESSAR-DC Sec- .

tion 9.2. 1.4: ? Ventilation barriers for the CCW H ExchangerStructu/e(s)

Ventilation Systems are in accordance with the guidance provided in Regulatory

Guide 5.65." By adding the this statement ABB-CE as claHfied the plant

design. Requiring the CCW Heat Exchanger Structure Ventilation System
barriers to be de igned in accordance with t guidance provided in RG 5.65 i

resolves this item d deletes the need for a COL Action Item.

9.2.3 Demineralized Wa er Makeup System

The DWMS supplies filtered eminer ized water to the condensate storage 1

throughout the plant that require high-
'

system (CSS) and to other sy em
quality, non-safety-related, m eup water. The system consists of a deminera-
lizer with cation, anion, an[ mix d-bed units, a vacuum degasifier, and a

'{ The DWMS does not perform any safety
demineralizedwaterstorag7 tank.
function or accident mit'gation and 'ts failure would not reduce the safety o

- .
|the plant. -

-

! !

I

the design and operat gnal requirements of the system andThe staff evaluate
finds that it inc'udes all components and p1 ing associated with the systems.
The review has etermined the adequacy of the roposed design criteria and |

design bases or the DWMS, regarding adequate s pply of reactor coolant purity
j

water during all conditions of plant operation.

/The design of the DWMS is acceptable because it is i agreement with GDC 2

and as recomended in SRP Section 9.2.3. |,

9.2.4 Potable and Sanitary Water Systems
(

The Potable and Sanitary Water Systems (PSWS) consist of a Potable Water }

{ System and a Sanitary Drainage system. It includes all components and piping

9-65 February 1994
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/

from the filtered water source to all points of discharge to the sewage
The portions of the PSWS that are within the Reactor Building,

cilities.

ar Annex, Turbine Building, Radwaste Building, and Service Building are
!Nu

the scope of the Certified Design. Those portions of the PSWS that arewith
not wit in these buildings are not within the scope of the Certified Design.

: 1

/ I

The staff:re iewed the design requirements for potable ,and sanitary water'
systems (PSWS) in accordance with SRP Section 9.2.4, " Potable and Sanitary
Water Systems."

R-DC that the PSWS serve no safety functions and any
ABS-CE states in CE /

s will have no adver,se impact on any safety-relatedmalfunction of the sys
are provided to control the release of liquidsystem. Design provision p

effluent containing radioac ive material rom contaminating the PSWS by pro-

viding no interconnections wi systems aving the potential for containing

radioactive materials (Interfa 9.2, 1). Additionally, where necessary, air |

gaps protect against the contami ation of the potable water system with radio-
active effluents (Interface 9.2.4-h. Designs meeting these requirements

[<satisfy GDC 60.

In the DSER, the staff stated'that the esign of the PSWS are site dependent
and are, therefore, not desc'ribed in deta in the CESSAR-DC. Specific PSWS

designs will be reviewed as part of site specific applications referencing
By

This was identified as COL Action Item 9.2.4-1 in the DSER.this design.
CESSAR-DC Amendments .g/and T, ABB-CE has provihed additional information
regarding the PSWS an'd stated that the COL applicant will provide the informi-
tiononthoseport,ionsofthePSWSthatareoutofbcope.ABB-CE has stated |

that the PSWS shall be designed to meet the requirem\ys of GDC 60.Specifi -

e
'

cally, there shall be no interconnections between the potable and sanitary
water systems and systems having the potential for conta ing radioactive I
materials. Additionally, the COL applicant shall ensure that the sewage

ocal regula- |
treatment,facilitydesigncomplieswithapplicablestateand '

tions. ,The CESSAR-DC has provided sufficient interface requireunts to asso
re

that plant specific designs for these systems will meet the requirements of
,

Therefore, COL Item 9.2.4-1 is resolved.GDC 60.
i

.
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9.2.5 Ultimate Heat Sink
-

,

The staff reviewed the design interface requirements for the UHS in accordance
with SRP Section 9.2.5, " Ultimate Heat Sink."

The UHS is an out-of-scope item that will be reviewed for each site-specif.ic
application. Only a general discussion of the UHS appears in the CESSAR-DC.
The UHS is the source of cooling to the SSWS which removes heat from the CCWS.

The CCWS removes heat from essential and non-essential reactor auxiliary loads

during all modes of plant operation.

The conceptual design of the UHS presented in the CESSAR-DC is a single,
passive, independent cooling water pond and includes the SSWS intake and
discharge. However, ABB-CE notes that site-specific conditicns may necessi-
tate the use of two ponds to satisfy RG 1.27, " Ultimate Heat Sink for Nuclear

The pond has redundant- water / akeu'p pumps to maintain waterf~~Power Plants."
level . Water chemistry is maintained by a site-specific water treatment
system, and salinity buildup in the pond is limited by blowdown. The UHS will
be designed to operate for the required nominal 30 days following a postulated

{- LOCA without requiring any makeup water to the source, and without requiring

any blowdown from the pond salinity control system.

The UHS shall meet seismic Category I requirements. In addition, the function

of the VHS will not be lost during or after natural phenomena, including a
safe shutdown earthquake, tornado, flood, or drought. Accordingly, the UHS

satisfies RG 1.29, Position C.), and RG 1.27, Positions C.2 and C.3.

As presented in the CESSAR-DC, the design of the UHS indicates that there are
no shared systems or components, in accordance with GDC 5. In addition, the

design of the UHS will ensure the continued operability of the system assuming
a single failure of a manmade structure. ,

The UHS shall provide an SSWS inlet temperature that does not exceed the
maximum allowable temperature required for removing heat from the CCWS heat

exchangers during a DBA concurrent with an LOOP. This heat removal capacity
includes heat loads anticipated from the start of the accident through the

(
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Because~ the TBCWS is not safety related and does not share boundaries with a

, ,f safety system, the remaining requirements (GDC 4, 44, 45, and'45) of SRP
Section 9.2.2 do not apply. Therefore, the staff concludes that the TBCWS

meets the applicable requirements of SRP Section 9.2.2

.9.2.9 Chilled Water System

The staff reviewed the design of the chilled water systems (CWSs) in accor-
dance with SRP Section 9.2.2, " Reactor Auxiliary Cooling Water Systems."

CWSs are designed to provide and distribute a sufficient quantity of chilled
'

water to air handling units (AHus) in specific areas. The CWS is divided into
the following two subsystems: an essential chilled water system (ECWS) that
provides safety-related heating, ventilation, and air conditioning (HVAC)
cooling loads, and a nonnal chilled water system (NCWS) that provides non-
safety-related HVAC cooling loads.

9.2.9.1 Essential Chilled Water System

The ECWS consists of two equally sized divisions. Each division is sized to

provide 100 percent of the cooling capacity required to meet. system demands
during normal and accident conditions. Each division is supplied electrical

power from independent Class IE power sources and cooling water from the
respective CCWS tN $ N The ECWS provides chilled water to the safety-related
HVAC cooling loads in ,the control room, dTIEl~ter E03, electrical rooms, g
mechanical rooms, subsphere pump rooms, and penetration room.

The ECWS is located in a flood- and tornado-missile protected seismic Cate-

gory I structure. The ECWS is designed in accordance with seismic Category I
and Class IE requirements, The ECWS is protected from pipe breaks, pipe whip,-

tornado missiles, jet impingement, and severe environmental. conditions.
ABB-CE did not, however, indicate if the ' system's design considers potential-
water hamer concerns. This was Open ' Item 9.2.9.1-1 in the DSER. By
CESSAR-DC Amendment Q, ABB-CE has stated that the ECWS is designed to minimize

the consequences of potential water hamer. Therefore, the DSER Open

-( Item 9.2.9.1-1 is closed.
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Additionally, in CESSAR-DC Section 9.2.9.1(B), the reference to " safety-
related portions" of the ECWS was inconsistent witl' t% reference to the ECWS

as a " safety-related system" in Section 9.2.9.2. He'ther CESSAR-DC Fig-

ure 9.2.9-1 nor the flow diagrams provided in response to RAI Q410.113
clarified which portions of the ECWS were safety related. This was DSER Open
Item 9.2.9.1-2 in the DSER. By CESSAR-DC Amendment Q, ABB-CE identified ,.

,

safety-related components and non-safety- related components of the ECWS '

separately in Figure 9.2.9-1. Therefore, DSER Open Item 9.2.9.1-2 is closed.

Based on the above discussion, the design presented in the CESSAR-DC satisfies

GDC 2, with respect to its seismic requirements, by virtue of meeting the
guidance of RG 1.29 Position C.1, regarding safety-related portions of the
system, and GDC 4 regarding environmental and dynamic effects.

Jr CESSAPc DC Secti= 0.2.0.2.1(E)g ABB-CE indicates that thc ECWS and the NCWS

areXindirectly connected through a heat exchanger-=d p=p.E As shown in
CESSAR-DC Table 3.2-1, the ECWS heat exchanger is designed to seismic Cate-

The ECWS heat exchanger is designed to allow the NCWSgory I Safety Class 3.
to serve all of the ECWS during periods of normal operation without directly ,

'

Therefore, the integrity of the safety..relatedconnecting the water pathways.
ECWS would not be degraded by postulated failures in the FCWS.

The System 80+ design can be used at either single- or multiple-unit sites;
however, in CESSAR-DC Section 1.2.1.3, ABB-CE states that the independence of ,

i
all safety-related systems and their support systems will be maintained
between (or among) the individual plants. Should a multi-unit site be
proposed, the COL applicant would have to apply for the evaluation of the
units' compliance with the requirements of GDC 5, " Sharing of Structures,
Systems, and Components," with respect to the capability of shared structures,

This was
systems, and components to perform their required safety functions.

COL Action Item 9.2.9.1-1. Upon further review, the staff has determined that

the design described in CESSAR-DC does not share structures, systems, or
components with other nuclear units. Therefore, the ECWS meets the require-.

ments of GDC 5. -

i
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o ched acMon bh; ppng des, conhls, cd inheM
cMler a 64 =6y,

Each 100-percent-capacity ECWS division consists of a d i' led w:te? ref-ir r &

('' ' t-ion-unn, a-c4rw14t4ng- chilled water pumk, N$$p7Nsion tank, cont +e+
M44 tim: ally, thD is c ECWS heati

Ivahesr-instrumentat40 ad ~4p ra.
-allow / the NCWS to supply 100 percentexchangerandhTaIENc g mp

In
of the _ normal ECWS loads without directly connecting the water pathways.
CESSAR-DC Section 9.2.9.2.1(E), ABB-CE states that the he:.t exch:nger pumg*can
serveasabackup%CWSp:sp. However, the flow diagram in CESSAR-DC Fig- f#
ure 9.2.9-1 was not sufficient to show how the cross-connect valve between the

ABB-CE !@ pump discharge lines would prevent backflow through the secured pump. SThis was OSER Open

[,fwasaskedtoprovideP&IDsforboththeECWSandNCWS.Item 9.2.9.1-3 in the DSER. By CESSAR-DC Amendment S, ABB-CE has provided the f
Therefore, DSER Open

updated Figure 9.2.9-1 which shows both ECWS and NCWS.y
Item 9.2.9.1-3 is closed and the ECWS system meets the requirements of GDC 44y
with resrect to cooling water by providing a system to transfer heat fromh- J' -

a 4- structures, systems, and components important to safety to the UHS. b
O k 5

EC45 E-2~ 6
ABB-CE indicates that the @ provides access necessary to support inservice#F
inspections and functional testing of safety-related components and equipment. {'

4
satisfies GDC 45 and 46.

{ Therefere, the @ Ecus
T-PThe design of the ECW system complies with GDC 2 and 4 with respect to

prr,tection against natural phenomena, internally and externally generated f
The fmissiles, and dynamic effects resulting from postulated piping failures. d

design also complies with GDC 5, 44, 45, and 46 with respect to shared 9
systems, cooling water requirements, and inservice inspection and testing

Therefore, the staff concludes that the system design meets therequirements.
applicable acceptance criteria of SRP Section 9.2.2.

i,

9.2.9.2 Normal Chilled Water System

The normal chilled water system (NCWS) consists of two equally sized divi-
Each division is sized to provide 100 percent of the cooling capacitysions.

The NCWS is a non-required to meet system demands during normal conditions.
safety-related system. .However, the containment cooling systems serviced by
this system are designed to operate during an LOOP. The power supply to the '|

HCWS pumps and chiller units is automatically transferred -(except--4vr4ag
4

|
.

|
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n

power source when normal power is not
acc4 dent-ccadition:)- to the

Each division is supplied cooling water from the respective CCWSavailable.
The NCWS provides chilled water to the non-safety-related HVACc|#entra4ns. = charism (C"'), high

cooling loads in the containment, centre! element driv:
purge, fu:1 bu4 Ming, nuclear annex,*bre:k rec , ch:nge roomsr-eenfer+ nee

_

rrg technic:1 support, and radwaste building.
.

f
h The NCWS system is not safety related because it is not required to ensure:

(1) the integrity of the RCS pressure boundary is maintained; (2) the capabil-'

ity to achieve and maintain safe shutdown; and (3) the ability to prevent orr
S Therefore, GDC 44,
f5i mitigate offsite radiological exposures during accidents.-

J 45, and 46, identified as acceptance criteria in SRP Section 9.2.2 for
safety-related portions of cooling water systems, are not applicable to the

| NCWS.heNCWSenterstheprimarycontainmentthroughtwopenetrations:
one

The : pply line
for the supply line; and the other for the return line.
penetration h s n: : ter Operated icel=Han valva a9tride th: centein=cnt end-r
a-check-{4solat4en)-vahe--inside the centaimtMhe-reteen--14ns penetration-

3-
[

has-two-motor-operat e iscletion valve , one ins W and ene e"tride the-
conta4nment, :nd n: cheek-vake-insid: th; containment. Isolation valves and .

(3
piping for the primary containment penetrations are safety related and areg
designed to seismic Category I safety Class 2 and 10 CFR Part 50 (Appendix B)
standards.

;However, the
The rest of the system is not safety related, as stated above.
non-safety-related portions of the system whose failure during a seismic event
could affect any structure, system, or component important to safety, are
designed to-casure their integrity under seismic loadings-re citing #rer =

j
#

On this basis, the staff finds that the design ofsafe -shutdown-earthquake-
toe NCWS system meets Positions C.1 and C.2 of RG 1.29, as addressed by the)=;'
SRP Section 9.2.2 acceptance criterion with respect to the seismic require-fo !

ments for the safety-related and non-safety-related portions of the system.+R ;

3. A
R,-n

By virtue of their location in seismic Category I, flood- atd tornado-missile-
|h

protected structures, the safety-related portions of the system are protectedo Cyy Further, all safety-related systems
against damage from natural phenomena."

d are protected against flooding that may result in the event of system failure,

R. February 1994
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(including failures that could cause flooding) should not lead to the failure
This was Interface 9.2.10-1 in the DSER. By

of any safety-related structure.
CESSAR-DC amendments up to and including Amendment L, ABB-CE revised CESSAR-DC
to state that the TBSWS is located in a building that does not contain any

Therefore, this Interface Item 9.2.10-1 is nosafety-related components.
,.

longer required. .

.

The system will meet GDC 2 by meeting the requirements of RG 1.29, Posi-
tion C.2 for assuring that the non-safety-related portions of the system
withstand the effects of earthquakes without affecting adjacent safety-related

systems.

Because the TBSWS is not safety related and does not share boundaries with a
safety system, the remaining requirements (GDC 4, 44, 45, and 46) of SRP

Therefore, the staff concludes that the TBSWSSection 9.2.2 do not apply.
meets the applicable requirements of SRP Section 9.2.2

|
9.3 Process Auxiliaries .

!

9.3.1 Compressed Air Systems

The staff reviewed the compressed air systemsin accordance with SRP Sec-
Conformance with the acceptance criteria formed the basis for thetion 9.3.1.

bevaluation of the compressed air system with respect to the applicable
GDC 1 for quality standards, GDC 2 for earthquakeregulations, specifically:

resistance, and GDC 5 for the capability of shared systems and components,
important to safety, to perform required safety functions.

,

In the
The staff based its review on ABB-CE's response to RAI Q410.114.

This was
response, ABB-CE submitted extensive revisions to the CESSAR-DC.
identified as Confirmatory Item 9.3.1-1 in the DSER. . ABB-CE incorporated

The staff
these revisions in Section 9.3.1 of Amendment J to the CESSAR-DC.
finds this acceptable to resolve Confirmatory Item 9.3.1-1.

conus) of
'

The compressed air system * cgrhes the instrument air, station air, and
s

The instrument air system supplies clean, oil-free, ,

breathing air systems.

February 1994
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dried air to all air-operated instrumentation and valves. The station air
system supplies compressed air for air-operated tools, and miscellaneous
equipment, and for various maintenance purposes. The breathing air system
supplies clean, oil-free, low-pressure air to various locations in the plant
to protect employees against contamination while they performing certain
maintenance and cleaning operations.

The instrument air system consists of four parallel trains of 100-percent-
capacity air compressors of oil-free, water-cooled design; an air receiver;
and an instrument air dryer connected in series. Each compressor has an

intake filter / silence'r rated to remove all particles that exceed 5 microns

(0.2 mils). Downstream of each air compressor, the instrument air flows into
an instrument air receiver that has adequate reserve capacity to allow the
standby compressors to be started following a compressor trip. Downstream of

the air receivers, the instrument air passes through an instrument air dryer.
Each air-dryer is equipped with a coalescing prefilter, an air dryer assembly,
and an afterfilter capable of drying the compressed air to a dewpoint of

-40[(- ) at line pessure and filtering the air of particulates that
exceed 1 micron (0.04 mils). Therefore, the design presented in the CESSAR-DC

{ complies with the guidance of ANSI MC 11.1-1976 (ISA S7.3) which requires a
clean, dry, oil-free air supply to safety-related components.

Instrument air lines penetrating the containment are equipped with electric-
operated isolation valves (outside the containment) and check valves (inside
the containment). The compressors are powered from non-safety-related buses,
but they can be manually aligned to the non-Class JE alternate ac (AAC) source
standby power supply during an LOOP.

The station air system consists of two oil-free, 100-percent-capacity, station
air compressors, each consisting of an intercooler, aftercooler, and moisture
separators. Downstream of the compressors, the air fl.ows to air receivers and

is then dried by one of two redundant station air dryers before it is distrib-
uted throughout the plant via station air headers.

~ The breathing air syste[n consists of two, oil-free,100-percent-capacity

{ breathing air compressors, each consisting of an intercooler, aftercooler, and
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provisions that may be necessary to allow this capability, such as shielding
|of instrument transmitters and logic cabinets from radio frequency interfer-

ence (RFI), fiber-optic cabling, and radio repeaters within buildings, and did |

NRC Informationnot provide reasons for deviating from the EPRI ALWR URD.

Notice 83-83 stated: "As newer plants are built that use more solid state

equipment . . . more cases of RFI by portable radio transmitters are likely to

result . .' . . If plant operations make the use of portable radio transmit-
ters near RFI-sensitive equipment either necessary or likely in an emergency,
then administrative prohibitions are not adequate and the licensee should
consider hardware fixes." This was identified as DSER Open Item 9.5.2-3.

Subsequently, in Amendment J to CESSAR-DC, ABB-CE added the following state-
ment Section 13.6: "The security comunications subsystem shall meet the

following requirements: 1. Each on-site security officer, watchman, or armed

response individual shall be provided with continuous comunications with an
individual in each continuously manned alarm station. This may be accom-

plished by using multi-frequency radio or microwave transmitted two-way voice
comunications." Requiring continuous wireless comunication between security
officers, will ensure adequate comunication for the security organization.
This additional information is acceptable to the staff. On this basis, DSER

Open Item 9.5.2-3 is resolved.

9.5.3 Lighting System

The normal lighting system will supply normal illumination under all plant
CESSAR-DC Table 9.5.3-1 suma-operating, maintenance, and test conditions.

rizes typical illuminance ranges for normal lighting. The lighting fixtures
are designed and located so that plant personnel can maintain and replace

lights effectively and safely. ABB-CE indicates that the circuits to the
individual lighting' fixtures will be staggered as much as possible and that
separate electrical circuits will feed these staggered circuits to ensure that

The failure orsome lighting is retained in the event of a circuit failure.
unavailability of a single lighting transformer will not affect the ability of
the system to operate nomally. The normal lighting system will be part of

;
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opendecl li Ming eHS.MN Ndmned , bqhrg 3
the plant's permanent non-safety system. Therefore, the normal lighting

(' system will have power as long as power from an offsite power source or a
standby non-safety source (combustion turbine generator (CTG)) is available.

ABB-CE indicated that the emergency lighting system for System 80+ design will

--> -bc Ci n: IE- =' will be pc.;cred by er. EDG. This emergency lighting will be,
located in vital areas throughout the plant. These areas are determined tiy

performing hazard analyses and establishing plant emergency procedures.
ABB-CE indicates that the operator will need to gain access to several vital

areas, i.e., the main control room (MCR), the technical support center, the
operations support center, the remote shutdown, panel room, the sample room,

ABB-CE statesthe hydrogen recombiner rooms, and stairwells and passageways.
that as it completes hazard analyses and plant emergency procedures, it is
designating other areas as vital, such as the EDG rooms, the steam-driven
emergency feedwater pump rooms, and the pathways from the control room to

these rooms.
A0() INSEf(1~ E

he s urity h ing system 11 be con dered part of t > permanent -

saf y system nd will be d from an ninterruptible wer supply c nected
{ t a non-s ety-grade b ery. Th security lighti system will emain v

energiz as long as ower from offsite power ource, a sta y non-safety

sourc (CTG),or on-safety rade battery is vailable.

ABB-CE submitted information on the design of the normal, emergency, self-

contained de lighting units and security lighting to demonstrate that the
lighting in the normal and vital plant areas as well as passageways to and
from these areas are adequate. After installation, each lighting system will
be inspected, checked, and tested to verify that it is operable and provides
proper coverage.

In the DSER, the staff requested ABB-CE to address the following staff
concerns and EPRI guidelines:

.
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The staff will verify that the completion of the hazard analyses and plant1.
emergency procedures are included as commitments and that appropriate
inspections, tests, and/or analyses are included as part of ITAAC to
verit'y implementation of their design comitments.

State what method will be used to distinguish between the normal, emerr2. '

gencyg.,and security lighting cables and circuits'to ensure they are
physically identified and separated.

Confirm that the Class IE distribution system supplies at least one of the3.
circuits supplying lighting fixtures for the normal lighting system in
safety-related areas (other than main control room) and in access routes

The other lighting circuit can be supplied from a non-to these areas.
Class IE electrical division backed-up by the CTG.

Integrate the emergency lighting system in the main control room with the4.
normal lighting system and design it so that alternate emergency lighting
fixtures are fed from separate safety divisions. .

Design tha emergency lighting installations that serve the main control5.
room and th9se other areas of the plant where safe shutdown operation may

be performed so that these installations will continue to function during
and after a DBE.

Ccnfirm which part. of the emergency lighting system will not be qualified6.

as Class IE.

The staff stated in the DSER that it would verify that the above aspects are
included in the design comitments. This was designated as DSER Open

Item 9.5.3-1.

In Amendment T, ABB-CE supplemented the infomation on l'ighting systems as

follows:
.

ABB-CE has c=pleted the-hanr4-analyses 2M plan. -.~ ...., . ._un-s r.d

6has designated the following areas of the plant as vital areas; the main
y

a kN wi0 kincMAed
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control room, the technical support center, the operations support center, the
remote shutdown panel room, the sample room, the hydrogen recombiner rooms,'

electrical system areas, main steam valve houses, chemistry labs, the EDG
rooms, the stairway which provides access from the control room to the remote
shutdown panel room, and other areas where operator access is required.
ABB-CE indicated that associated Class IE emergency lighting will be locatpd

'

in vital areas of the plant. The associated Class IE emergency lighting
system is used to provide acceptable levels of illumination throughout the
station and particularly in vital areas where emergency operations are
performed upon loss of the normal lighting system. The associated Class IE
emergency lighting system provides a minimum illumination level of 10 foot-
candles in areas of the plant where emergency operations are perfonned. For

other areas of the plant covered by the emergency lighting system, a minimum
illumination level of 2 foot candles is provided. This addresses Item (1) and
is acceptable. The adequacy and acceptability of the System 80+ design
description and ITAAC are included in Chapter 14 of this report.

ABB-CE indicated that the criteria for the physical identification of lighting ,

cables and circuits are consistent with the criteria for physical identifica-
tion and separation of Class IE and non-Class IE cables and circuits as
described in IEEE-384 and RG 1.75, which are part of CESSAR-DC, Chapter 8,

Electrical Power Systems. This addressed item (2) and is acceptable.
_

ABB-G ndleated th . the cirecit/te the4edividwal lighting fin.ure: in
:t:-Ired :: .ucba-r.d:::::-Ieute: te ther *er 2r:4afc+/-related r '

. . . . . . - L. . - . . L. . . ~. , . . . . . . L. . . _ . . . _ . . _L._ :~.:.1 divi;i:nOmbic, with :t:ggered recitr fed f~ ep:r:t: 01:k to _ . e...

.. . .. ..... . . . . ,

C4ess IE di oributien 3 end is ba g by the : The-eth ghting-.
,

c4rcutt-4 upp14ed #-
. _ ,_._t nc., C1:ss I: elsh sui gision anu is

baek p-by-the-C-T in additier.j ABB-CE indicated that all lighting
fixtures and other components of the lighting system located in normally
occupied areas or in areas containing safety equipment are supported so as to
enhance the carthquake survivability of these components and to ensure that

they do not present a personnel or equipment hazard when subjected to a
seismic loading of a DBE. This addresses item (3) and is acceptable.

(
U
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ABB-CE indicated that the emergency lighting system in the main control room
The emergency lighting in

will be integrated with the normal lighting system.
the MCR will be configured so that at least two circuits of lighting fixtures
are powered from different Class 1E divisions to ensure lighting is retained

This addresses item (4) and is acceptable |in the event of a circuit failure.
subject to incorporation into the next CESSAP.-DC amendment (Amendment V), .,

'

This is part of FSER Confirmatory Item 1.1-1.

ABB-CE indicated that the associated Class IE emergency lighting system in the

main control room will maintain minimum illumination levels in the main
control room during all operating and emergency conditions, including a
station blackout (SBO). The Class IE and associated Class 1E emergency

lighting installations which serve the main control room and other areas of
the plant where safe shutdown operations may be performed are designed to
remain functional during and after a DBE. This addresses item (5) and is

acceptable. iE .

ABB-CE indicated that the Emergency lighting is owposed of two systems,

(1) conventional ac fixtures fed from Class IE ac power sources which, ('
-

excluding the fixtures, are qualified as associated Class IE circuits and,
(2) de self contained battery-operated lighting units which are qualified as
Class IE circuits. This addresses item (6) and is acceptable.

ABB-CE indicated that the lighting system for the System 80+ is designed to
In accordance withprovide illumination throughout the plant and plant site.

SRP Section 9.5.3, lighting levels and illuminance r:nges for the System 80+

design comply with the Illuminating Engineering Society (IES) Lighting

Handbooks recomended intensities. % WsEgr G
7 __

ABB-CE indicated that incandesce light ng is us in the C tainmentm -

B 11 din while incan escent, fl oresce and hi intensity discharg lighti 9 h
s pro ided i the emainder the p ant and , ant site Fluorescen

luminaries are normally used in plant stairs and stairwell * around
switchgear, motor control centers, and instrumentation racks to supplement

L mJ i

) r
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in orde /o prot dehigh intensityASarge (HID) luminaries. Thi is don

pa ial inatio in are lumin ies ar in the ocess
~

; p
s arting r re-st rting foi owing a mentar loss powe

- W -

ABB-CE indicated that th: Class IE dc self centained battery-operated lighting|

unit's' wi'' "hdnate-Ma4+waywxit-route , =j0r centr:1 2rea:, and ether
dc-area: where Oper:ter ction it requiredr--EacAClass IE en4+ 4 4 Yign'.

,

Eachfor eight hours of continuous operation following loss of normal power.
Class IE unit will have se21 d-be2.e hn: and a self-contained battery pack i

unit containing a rechargeable battery with a minimum eight-hour capacity.
The Class 1E lighting units are supplied AC power from the same power source
as the normal lighting system in the area in which they are located. The
loading of these Class IE lighting units will not be greater than 80 percent
of the rated capacity with additional derating for temparature variations,
where appropriate. The bulbs will be positioned so that adequate illumination

Theis provided and is not obstructed by plant equipment and components.
Class IE units will also contain a time delay so that the lights turn off on
the resumption of wery only Or nexe, iscdeg. lum.for normal

4 rectoWyhg
ABB-CE indicated that additional non-Class IE de self-contained battery-

operated lighting units will be installed throughout the plant to provide
emergency lighting for personnel safety in accordance with the applicable
sections of the National Electric Code and the Life Safety Code of the |

National Fire Protection Association.
|

Based on the above, the staff concludes that the lighting system for the CE

System 80+ is in accordance with SRP Section 9.5.3 and the (IES) Lighting |

Handbooks and. is acceptable. On this basis, DSER Open Item 9.5.3-1 is

resolved.
!
|Security Considerations 1

In CESSAR-DC Section 9.5.3.1, ABB-CE stated that the security lighting system
om isolation zones and -the-

ykti$t Eff5=TbkEcb Pcendit.cNyitorthe:sYcWEupen 100 ef :1120 and willwill provide illumination regred

( comply with the intent of NUREG/CR-1327. By means of Amendment E, ABB-CE
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stated in CESSAR-DC Section 9.5.3.2.2 that the security lighting system is
part of the pennanent non-safety systems loads and is fed from an uninter-

In a Decem-
ruptible power supply (UPS) connected to a non-safety battery.
ber 17, 1991, response to RAI 0500.20, ABB-CE proposed to delete the reference

"The security
to an UPS and change Section 9.5.3.2.2 to read insteao:

,

lighting system is considered part of the permanent non-safety systems and. is
fed from the AAC source (combustion turbine), which is located in a secure'
vital area for protection." However, as described in CESSAR-DC Sec-

the AAC could take 10 minutes to start (from the onset of antion 8.3.1.1.5.1,
LOOP event), and additional time for load sequencing before security lighting

j

The staff concluded that the proposed change is inconsis-would be restored.
tent with CESSAR-DC Section 9.5.3.1 and did not conform with the URD require-

I

ment for uninterruptible power for those portions of the security lighting
that are essential to plant protection following interruption of normal power.
Inconsistency between CESSAR-DC Section 9.5.3.1 and the changes proposed for
CESSAR-DC Section 9.5.3.2.2, and ABB-CE's reason for deviating from the URD
requirements for uninterruptible power for those portions of the security
lighting that are essential to plant protection, was identified as DSER Open

item 9.5.3-2. By CESSAR-DC Amendment J, AEB-CE stated it, CES5AR-DC Sec-
that the AAC is designed to start automatically within two

s

tion 8.3.1.1.5.1,

minutes from the onset of an LOOP event. As stated in CESSAR-DC Sec-
tion 9.5.3.2.2, the security lighting is part of the pennanent non-safety
systems which is fed from the AAC. Selected portions of the secugy lighting
system essential to maintaining adequate plant protection arehe-from an
uninterruptible power supply. Requiring uninterruptible power for those
portions of the security lighting that are essential to plant protection is

This additional information has alsoconsistent with the URD requirements.
removed the inconsistency between CESSAR-DC Section 9.5.3.1 and the changes

The staff considers DSER Open
proposed for CESSAR-DC Section 9.5.3.2.2.

Item 9.5.3-2 resolved.

In CESSAR-DC Section 9.5.3.2.2, ABB-CE stated that the security lighting
system will provide a minimum illumination of 0.2 foot-candle at ground level.
In CESSAR-DC Table 9.5.3-1, ABB-CE lists 2 to S foot-candles as typical

Those illuminationilluminance ranges for normal exterior area lighting.
levels wetid give a range of ratios of typical to minimum illumination of 10:1

c
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Comments on the System 80+ FSER Chapters 11 and 12

Chapter 11 FSER

Section Description / Comment

11.1 Correct the 5th line to read " condensate
polisher regeneration..." to be consistent
with the terminology used in the CESSAR.

11.2.1, pg 11-6 Add the word "radwaste" before the words
" control room" to clarify which control room
the alarms are being provided in the 5th
sentence.

11.2.1, pg 11-9 Use consistent terminology when referring to
the condensate cleanup system polishers.
Replace the word "demineralizers" with
" polishers".

11.2.1, pg 11-8 Add words " cleanup system polisher" between
condensate and regenerant for clarification.

11.3.1, pg 11-19 The first word of the 6th line should be
" evacuation" not " evaluation".

11.4.1, pg. 11-27 Again, change "demineralizers" to " polishers"
to be consistent with the CESSAR terminology.

11.4.1, pg. 11-27 Correct the 10th line to read "A spent resin
decanting tank...".

;

Chapter 12 FSER

Section Description / Comment

12.1, pg 12-4 The 8th line states that " electrical
components containing radiation-sensitive
materials will be shielded or located in low-
radiation areas" does not appear in the
CESSAR-DC; however, it does appear in the
System 80+ ALARA Guidelines Manual. This
statement will be added to Section 12.1 of
CESSAR-DC to be consistent with the FSER.

l
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Comments on the System 80+ FSER Chapters 11 and 12

Chapter 12 FSER(Cont'd)

Section Description / Comment

12.1, pg 12-5 The 1st line states that " Valves located in
high-radiation areas will be equipped with
reach rods or motor operators to minimize
radiation exposure." does not appear in the
CESSAR-DC in that exact wording. Section
12.0 states " radiation protection measures
include: ... use of remotely operated valves
or handwheel extensions". The wording used
in the FSER does appear'in the System 80+
ALARA Guidelines Manual. This statement will
be added to Section 12.3 of the CESSAR-DC.

12.1, pg 12-5 The 8th line states "The System 80+ design
! will minimize the use of evaporators "

...

''

does not appear in the CESSAR-DC; however, it
does appear in the System 80+ ALARA
Guidelines. This statement will be added to ;

Section 12.1 of the CESSAR-DC.

12.1, pg 12-6 The 5th and 6th lines state " Equipment such
as sound-powered telephones or closed-circuit
television will be used during high-dose
jobs..." The phrase "high-dose' jobs" is not
consistent with Section 12.1.3.B of the
CESSAR-DC. This section uses the phrase
"long-duration jobs". This inconsistency
should be corrected in the FSER.

I

12.3.1, pg 12-12 The 9th line states " Mechanical snubbers
rather than hydraulic snubbers will be used
in radiation areas " does not appear in...

the CESSAR-DC; however, it does appear in the
System 80+ ALARA Guidelines. This statement
will be added to the Section 12.3.1 of the
CESSAR-DC.

12.3.1, pg .a-13 The lith line of the 1st complete paragraph
states " Crud traps in welds will be minimized
by using butt welds in lieu of socket welds."
does not appear in the CESSAR-DC; however it
does appear in the System 80+ ALARA
Guidelines. This statement will-be added to

l Section.12.3.1 of the CESSAR-DC.
I
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Comments on the System 80+ FSER Chapters 11 and 12

Chapter 12 FSER(Cont'd)

Section Description / Comment

12.3.2, pg 12-19 The 12th and 13th line do not include the
| specification that there will be an
| electrical interlock between the area
l radiation monitor and the lockable access
| door to the incore chase to prevent access to

the incore chase during withdrawal of the
incore instrumentation. This statement
should be added to ensure the FSER is
consistent with the Section 12.3.2, Amendment
U of the CESSAR-DC.

|
|

,
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abstract and verified that the applicant addressed Position C.2 by providing
test method 3.5 which requires testing of the RHR system isolation alarms and I

signals. The staff finds this to be acceptable. i

1

b. RHR System pressure relief (Positions C.3)
.

AB8-CE should modify CESSAR-DC Section 14.2.12.1.21, test method 3.7 to state

" verify the relievina capacity and setpoint of the Low Temperature Over-
Pressure Protection (LTOP) relief valves" to satisfy the guidance RG 1.139,
Position C.3. The applicant responded by stating that the LTOP relief valves
relieving capacity is conducted during bench testing before the valves are
installed in the RHR System. Since the bench test verifies the relieving
capacity, preoperational testing of the LTOP relief valve relieving capacity
is not necessary. The staff stated that to conform to RG 1.139, the applicant
should add this information to the prerequisite section to state that "the

_

LTOP relief valves relieving capacity is verified by bench testing." The

ggj applicant will incorporate this information into the test abstract
prerequisite section into the CESSAR-DC. The staff finds this response
acceptable pending incorporation into the CESSAR-DC. This is identified as
part of FSER Confirmatory Item 1.1-1 (see Chapter 1 of this report).j

14.2.13 Security Considerations

The startup test program described in CESSAR-DC Section 14.2 includes security

lighting system and security radio system tests. (CESSAR-DC Section 9.5.2
provides a security radio system for offsite cominunications.) Security " lock-
down" of the protected area and startup testing of the rest of the security
system (i.e., intrusion detection system, alarm assessment system, access
control system, etc.) were not addressed. In its December 17, 1991 response

to RAI Q500.31, the applicant stated, " Security 'lockdown' of the protected
area and startup testing of the rest of the security system (i.e., intrusion
detection system, alarm assessment system, access control system, .etc.) is
considered sensitive. information which may be withheld from the public by the

directive of 10 CFR 2.7' 0(d). Full disclosure and description of these )9

sensitive systems and their prerequisite testing will, however, be a part of ;

the site security plan to be submitted by the utility." The staff finds it |

|
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acceptable that detailed description and NRC review of the rest of the
security system and its test and acceptance criteria be deferred to the COL
applicant's security plan submittal required by 10 CFR 50.34. This was

gg% identified as COL Action Item 14.2.13-1. By letter dated January 26, 1993,
ha.6 H.I.cABB-CE identified in CESSAR-DC Sections ;14.2.13fthattheCOLapplicantwill
* ^ d''d ^ provide site-specific security, contingency, and guard training plans. The
u v?,23.G

inclusion' of this information into the CESSAR-DC resolves this issue.-

In RAI Q500.31, the staff n)ted that the security lighting system test
described in CESSAR-DC Section 14.2.12.1.85 was incomplete in that it does not
address testing or, ioss of normal power nor testing of its adequacy for
support of closed-circuit teDvision (CCTV) security functions. In its

December 17, 1991 response, the applicant committed to amend subsections of

the security lighting system test method to read:

3.3 Demonstrate that loss of normal power results in proper activation
of the Security Lighting System for each affected room.

3.4 Demonstrate the Security Lighting System provides adequate
illumination levels, including, but not limited to, those required
to support plant Closed Circuit TV security functions.

1

The staff found that these proposed changes did not adequately address its
concerns regarding demonstrating that the system as installed has the
capability described'in the CESSAR-DC. CESSAR-DC Section 9.5.3.1 states that !

the security lighting system will provide " illumination required to monitor l
|isolation zones and all outdoor areas within the plant protected perimeter,

under normal conditions as well as upon loss of all ac power." The proposed
change addressed demonstrating lighting adequacy on loss of power "for each
affected room" but not where " required to monitor isolation zones and all
outdoor areas within the plant protected perimeter." 'This was identified as
DSER Open Item 14.2.13-1. By letter dated April 21, 1993, ABB-CE modified
CESSAR-DC Section 14.2.12.1.05 to require demonstration of the adequacy of
illumination for CCTV security functions on loss of normal lighting power for

!

monitored isolation zones and outdoor areas within the plant protected |

|

I

ABB-CE System 80+ FSER 14-31 February 1994

. - - -.



out-of-scopeportionsofthesystemsofthgde,signarecontainedinCDM
ABB-CE provided an entry in in D $ica for every system of theSection 4.0.

design to define the full scope of the design, kg u d, %. ry),L
s;ach 9 o W h ewWu .

The detailed design information for the System 80+ is contained in the
CESSAR-DC. The staff's safety evaluations for the design are based on the-
System 80f design material in the CESSAR-DC, and are provided in the
appropriate sections of this report.

The information in this section of the CDM is derived from the detailed design
information contained in the CESSAR-DC. The purpose of the ITAAC, which are
part of the CDH, is to verify that a plant that references the design certifi-
cation is built and will operate in accordance with the design certification.
Consequently, there is no design information presented in the CDM system
design descriptions and related ITAAC, or CESSAR-DC Section 14.3 that is not
also contained in the various sections of the CESSAR-DC. The staff did not
base its safety decisions on the information in the CDM and, therefore, this
section of the report contains no safety evaluations for the design.

14.3.2.1 Design Descriptions

The design descriptions address the most safety-significant aspects of each of
the systems of the design, and were derived from the detailed design
information contained in the CESSAR-DC. The design descriptions include the
figures associated with the systems. ABB-CE's selection criteria and method-
ology for the system design descriptions are specified in CESSAR-DC Sec-
tion 14.3.2.1. In its review of the material, the staff followed the general
guidance for the reviews specified in the SRM related to SECY-90-377, as
discussed previously in the introduction to Section 14.3 of this report.

1
i

The Tier 1 design descriptions will serve as a facilitf lifetime commitment. j
Once completion of ITAAC and the supporting design information demonstrate
that the facility has been properly constructed, it then becomes the function
of existing programs suc'h as the technical specifications, the in-service
inspection and in-service testing program, the quality assurance program, and
the reliability assurance program, to demonstrate that the facility continues

ABB-CE System 80+ FSER 14-44 February 1994



8. Interlocks
9. Class IE electrical power sources / divisions
10. Equipment to be qualified for harsh environments
11. Interface requirements
12. Numeric performance values

13. Accuracy and quality of figures -

Additionally, standard ITAAC entries were utilized to verify selected issues,
where appropriate. Examples of these included basic configuration, physical
separation, and divisional power supplies. In particular, the general
provision for environmental qualification aspects of SSCs invoked by the basic
configuration ITAAC was reviewed to ensure appropriate treatment in the CDH.

Environmental qualification (EQ) of safe-shutdown equipment is verified as
part of the basic configuration ITAAC for safety-related systems. EQ

treatment in the ITAAC is discussed in the General Provisions section of the
CDH. Verification includes type tests or a combination of type tests and
analyses of Class IE electrical equipment identified in the Design Description
or accompanying figures to show that the equipment can withstand the
conditions associated with a design basis accident without loss of safety
function for the time that the function is needed.

The task group reviewed integrated plant safety analyses such as fires, floods
and missile protection to ensure they were adequately addressed in the CDH.
The insights from these analyses that were addressed in the CDM are contained

|
in CESSAR-DC Section 14.3. The issues of floods, fires, missiles, pipe |
failures, and environmental protection are verified by the ITAAC on a system-
specific basis, rather than generically. Divisional separation (both physical I

1

and electrical) is the primary means of ensuring protection of safety-related '

equipment from these events. Verification of divisional separation is
performed as part of both individual system ITAACs and building ITAACs. |
Physical and electrical separation is verified in each safety-related system
ITAAC and divisional barriers are verified in the 6 actor and control building)

.

'

ITAACs. we.- mm 4
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for treatment in the CDM. The supporting information regarding the detailed
design and analyses remained in the CESSAR-DC. For many of the design

|
features, it was impractical to test their functionality. Consequently, the

)
existence of the feature on a figure, subject to a basic configuration 1

walkdown, was considered sufficient CDM treatment.
.

The staff determined that the detailed supporting information in the CESSAR-DC
for the Nuclear Fuel System in the CDM, if considered for a change by a COL
applicant or licensee that references the certified System 80+ design, would
constitute an unreviewed safety question. This supporting information
includes the fuel design, the control element assembly (CEA) design and the
initial core design. Thus, the staff has concluded that any changes to the
initial reference design of these areas from that presented and evaluated in
CESSAR-DC Chapter 4 will require prior NRC review and approval, with the
exception of the design features and design parameters in Tables 4.2-1
and 4.2-2 and changes covered by applicable NRC-approved topical reports.
Furthermore, prior NRC review and approval will be required to change the
NRC-approved analysis methods used to demonstrate conformance of the fuel

design, the CEA design and the initial core design to the design limits given
in CESSAR-DC, with the exception of those changes to analysis methods that are
covered by applicable NRC-approved topical reports. The specific fuel, CEA,
and core designs presented in CESSAR-DC Chapter 4 will constitute, based on
staff review and approval, an approved design that may be used for the COL - g
first cycle core loading, without further NRC staff review. If any other core oy,

design is requested for the first cycle, the COL applicant or licensee will be
required to submit for staff review that specific fuel, control rod, and core
design analyses as described in CESSAR-DC Chapters 6 and 15. J

Examples of the issues that the task group examined for treatment in Tier 1
included net positive suction head for key pumps (specified in the applicable.
systems), and intersystem LOCA (the design pressure of the piping of the
systems that interface with the reactor coolant pressure boundary is specified
in the design descriptions of the applicable systems). The task group also
reviewed the ITAAC for~ consistency with the initial test program described in
CESSAR-DC Chapter 14.
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Chapter 7 of the CESSAR-DC. The individual systems that contained the sensors
for the displays, controls, and alarms were reviewed to ensure that standard
ITAAC entries were used to verify their function. The design processes and

acceptance criteria for I&C equipment contained in CDM Section 2.5, particu-
larly the verification and validation aspects of the I&C acceptance criteria,
will verify proper operation of the I&C aspects of the equipment. Similarly,
the design processes requirements for HFE contained in CDM Section 2.12,
particularly the availability and suitability verification, and validation
aspects of the control room and remote shutdown room, will verify proper
design of the equipment for human factors considerations.

The staff conducted a complete and thorough review of the System 80+ CDM

material to ensure that the general criteria of the eight program elements in
the HFE PRM were appropriately addressed in the Tier 1 CDH. The Tier 2

CESSAR-DC material contains more detailed guidelines and applicable guidance

documents. The staff also conducted a review of the CESSAR-DC material to
ensure that the specific acceptance criteria in the HFE PRM were appropriately
addressed. The staff reviewed the CDM and CESSAR-DC Section 14.3.3 in
accordance with the requirements in Part 52 and the guidance provided in SRMs
related to CDM development provided by the Commission.

The material in CESSAR-DC Chapter 18 provides design information and defines

design processes for the four remaining HFE PRM elements that are acceptable
for use in meeting the acceptance criteria in the CDM. However, the CESSAR-DC

information may be changed by a COL applicant or licensee referencing the
certified design in accordance with a "50.59-like" process. The staff's
evaluation of the System 80+ design for the control room is based on the
design processes and acceptance criteria material as described in CDM 2.12 and
Chapter 18 of the CESSAR-DC. Consequently, the staff indicated in Chapter 18

,

and Section 1.11 of this report that any proposed changes to CESSAR-DC her F

Sections 18.5, 18.6, 18.7, 18.8, and 18.9 constitutes an unreviewed safety
question and, therefore, must be submitted to the NRC for review and approval i

prior to implementation. These sections contain:
.

* Section 18.5, " Functional Task Analysis"
* Section 18.6, " Control Room Configuration"
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Section 3.10.1 provides detailed supporting information for the CDM regarding
the methods to be used by the COL applicant or licensee for the dynamic
qual'ification of equipment. This material, if considered for a change by an

applicant or licensee that references the certified System 80+ design, would f
constitute an unroviewed safety question, and therefore, would require NRC Q''

revTew 'a'nd approval pr'ior to implementation of the change. This material-

supporting the CDM is discussed further in Section 3.10 of this report. A

. listing of this information is also contained in Section 1.11 of this report. , ,
. . . . . , ,_

v w..
Valves - The verification of'the design qualification of valves is performed-

. _ , ,

in conjunction with the basic configuration check for mechanical ~ equipment'as
discussed above. Specifically, for MOVs, a special inspection is required as
a part of the basic configuration check to verify the records of vendor tests
that demonstrate the ability of MOVs to function under design conditions. In
addition, in-situ tests are required for MOVs and check valves in each system
ITAAC. These tests will be performed during the initial test program. The
material in CESSAR-DC Section 3.9.6.2.2 provides detailed supporting informa-
tion for the CDM regarding the methods to be used by the COL applicant or
licensee for the design, qualification, and testing of MOVs to demonstrate
their design basis. capability. This material, if considered for a change by
an applicant or licensee that references the certified System 80+ design,
would constitute an unreviewed safety question, and therefore, would requir:

44M,NRC review and approval prior to implementation of the change. This meterial
supporting the CDM is discussed further in Section 3.9.6 of this report. A
listing of this information is also contained in Section 1.11 of this report.

|
Piping - The verification of the overall piping design including the effects
of high-energy line breaks and the application of leak-before-break (as
applicable) is performed in conjunction with the piping DAC. The as-built
piping system is required to be reconciled with the design commitments. The |

material in CESSAR-DC Section 3.12 provides detailed s'upporting information |
for the COM regarding the analysis methods and design criteria to be used by I

the COL applicant or licensee to complete the piping design. This material,
if considered for a change by an applicant or licensee that references the 'hM '
certified System 80+ design, would constitute an unreviewed safety question, |

'

and therefore, would require NRC review and approval prior to implementation
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of the change. This material supporting the CDM is discussed further in Sec-
tion 3.12 of this report. A listing of this information is also contained in
Section 1.11 of this report.

Review of the System 80+ Structural Desian Intearity
@.q . o % i e strvu-c. big. -.

s

The scope of structural design covers the major str ural systems in the

gppe 4 System 80+ plant including the RPV, ASME Code C1 s 1, 2, nd 3 piping

gj#k systems, and major building structures (primary containment,[ reactor building)
ip*"* hol buildin) turbine building, {ervice' building and radwaste building).

The RPV, piping systems, and primary containment are included because they
provide the defense-in-depth principle for nuclear plants. The major building

structures has those systems and components that are important to safety.

In establishing t'ie top level requirements for structural design, the staff.

used the General Design Criteria (GDC) of 10 CFR Part 50, Appendix A, as its
basis. The primary general design criteria pertaining to the major structural
system design are GDC 1, " Quality Standards and Records," GDC 2, " Design Bases

for the Protection Against Natural Phenomena," GDC 4, " Environmental and
Dynamic Effects Design Basis," GDC 14, " Reactor Coolant Pressure Boundary,"
GDC 16, " Containment Design," and GDC 50, " Containment Design Basis."

GDC 1 requires, in part, the need for structures, systems and compo-
nents important to safety to be designed, fabricated, erected, and
tested to quality' standards commensurate with the importance of the
safety functions to be performed.

GDC 2 requires, in part, the need to design structures, systems, and
components important to safety to withstand the effects of natural
phenomena such as earthquakes, tornados, hurricanes, and floods |

'

without loss of capability to perform their safety' functions including
the appropriate combinations of the effects of normal and accident
conditions with the effects of the natural phenomena. j

|

I

|
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structural design basis. A sumary of the top level structural design i

requirements for the major structural systems that are verified by the )
structures and systems in CDM Section 2.0 and the piping design information in

CDMSectionhisprovidedbelow. |

\ Ga. se spa to IG % L. e A 3.0 ,t, 3.1 n,+ 3&
Pressure Boundary intearity (3.3 W MwSO

,

To ensure that the applicable requirements of GDC 14, 16, and 50 have been

adequately addressed, ITAAC were established to verify the pressure boundary
integrity of the RPV, piping, and primary containment for the System 80+.
GDC 16 and 50 apply to the primary containment and GDC 14 applies to the RPV

and the reactor coolant pressure boundary piping systems. The pressure
integrity for these major structural systems are needed to ensure the defense-
in-depth principle.

For the RPV and piping, hydrostatic tests performed in conjunction with the
ASME Boiler and Pressure Vessel Code, Section III are required by ITAAC. For

the primary containment, a structural integrity test is required by ITAAC to
be performed on the pressure boundary components of the primary containment in
accordance with the ASME Boiler and Pressure Vessel Code, Section III.
Because the requirements of GDC 14, 16, and 50 do not apply to the reactor,
control, turbine, and radwaste buildings, ITAAC were not required to
verify the pressure integrity for these other buildings.

Normal loads

To ensure that the applicable requirements of GDC 2 have been adequately
addressed, ITAAC were established to verify that the normal and accident loads
have been appropriately combined with the effects of natural phenomena.

For piping systems, ITAAC require an analysis to reconcile the as-built piping
design with the design-basis loads (which include the appropriate combination
of normal and accident loads). For the RPV, the fabrication is performed
primarily in the vendor''s shop where adherence to design drawings is tightly
controlled. Therefore, ITAAC for the as-built reconciliation of normal loads
with accident loads for the RPV were deemed to be inappropriate. Instead,
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ITAAC verify that the ASME Code-required reports exist to document that them
RPV has been designed, fabricated, inspected, and tested to Code requirements
to ensure adequate safety margin.

Similarly, for safety-related buildings, ITAAC require an analysis for
reconciling the as-built plant with the structural design basis loads (which
include the combination of normal and accident loads with the effects of
natural phenomena). The analysis results are to be documented. in a structural
analysis report, the scope and contents of which are described in the
CESSAR-DC. These ITAAC pply only to safety-related structures and are not
applicable to th service and turbine buildings. The verification of the

and turbine building design for normal loads is subject to the
requirements of the normal 10 CFR Part 50, Appendix B quality assurance
program.

Seismic loads
,

^

To ensure that the applicable requirements of GDC 2 have been adequately
addressed, ITAAC were established to verify that the safety-related systems
and structures have been designed to seismic loadings. Component qualifica-
tion for seismic loads is addressed by ITAAC established for verifying the
basic configuration of systems.

As discussed above for nonnal loads on piping systems and the RPV, ITAAC ;

require an analysis to reconcile the as-built piping design with the design |
basis loads (which include seismic loads). For the RPV, ITAAC for the as-
built reconciliation of seismic loads for the RPV were deemed to be inappro-
priate as previously discussed. Instead, ITAAC verify that the ASME Code- )
required reports exist for the RPV ensuring that the RPV has been designed,

, ,, ,

fabricated, inspected, and tested to ASME Code requirements.

. ., ..

4 For safety-related buildings, ITAAC require an analysis for reconciling the
as-built plant with the structural design-basis loads (which include seismic

The analysis r'sults are to be documented in a structural analysisloads). e

report, as discussed above. These ITAAC apply only to safety-related struc-
tures and are not applicable to the and turbine buildings. However, 4

~
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because the leakage path for fission products includes components within the -
turbine building, the turbine building is required to withstand the effects of
a safe-shutdown earthquake. Therefore, ITAAC were established to verify that,
under seismic loads, the collapse of the turbine building will not impair the
safety-related functions of any structures or equipment located adjacent to or
within the turbine building.

For non-seismic Category I SSCs, the need for ITAAC to verify that their
failure will not impair the ability of near-by safety-related SSCs to perform
their safety-related functions was assessed. Because the design detail and
as-built and as-procured information for many non-safety related systems
(e.g., field-run piping and balance-of-plant systems) are not required for
design certification and the spatial relationship between such systems and
seismic Category I SSCs cannot be established until after the as-built design
information is available, the non-seismic to seismic (II/I) interaction cannot
be evaluated antil the plant has been constructed. Accordingly, the design
criteria for assuring acceptable II/I interactions and a commitment for the
COL applicant to describe the process for completion of the design of balance-
of-plant and non-safety related systems to minimize II/I interactions and
proposed procedures for an inspection of the as-built plant for II/I interac-
tions have been specified in the CESSAR-DC.

Suppression pool Hydrodynamic loads

To ensure that tlie ip'plicable requirements of GDC 4 have been adequately
addresseu, ITAAC were established to verify that the safety-related systems
and structures have been designed to suppression pool hydrodynamic loadings
which include those loadings associated with safety relief valve discharge and
loss-of-coolant accident (LOCA) loadings. Component qualification for t 3..A k%
suppression pool hydrodynamic loads is addressed by ITAAC established for h at4,

verifying the basic configuration of systems. U CovW
N me .

As discussed above for seismic loads on piping systems and the RPV, ITAAC
require an analysis to reconcile the as-built piping design with the design- |
basis loads (which include suppression pool hydrodynamic loads). For the RPV,
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ITAAC verify that the ASME Code-requ' ired reports exist to ensure that the RPV 1

has been designed, fabricated, inspected, and tested to ASME Code require-
ments.

For the reactor building and primary containment including the internal
structures, ITAAC require an analysis for reconciling the building as-buiit

1 configura' tion with the structural design basis loads (which include suppres- I
W sion pool hydrodynamic loads). The as-built analysis results are to be

,

documented in a structural analysis report"as discussed- above. The effects of
suppression pool hydrodynamic loads do not extend beyond the reactor building, !

$ ~-- and, thus, ITAAC are not required to verify these loadings for the other |

System 80+ building structures.

knok.s b 7
m g. ITAAC also require the verification of the horizon'talyjystem, water

'

vocq volume, and the safety-relief valve discharge line quencher arrangement to
ensure adequacy of the suppression pool hydrodynamic loads used for design.

_

Flood. Wind. Tornado. Rain. and Snow
.

~

To ensure that the applicable requirements of GDC 2 have been adequately. '

addressed, ITAAC were established to verify that the safety-related systems a , .(
,

and structures have been designed to withstand the effects of natural pheno- .
-

mena other than those associated with seismic loadings. The effects include
those associated with flood, wind, tornado, rain, and snow.

These loadings do not apply to the RPV, the ASME Code Class 1, 2, and 3 piping
systems and components, nor the primary containment because they are all
housed within the safety-related buildings. For safety-related buildings,
ITAAC require an analysis for reconciling the as-built plant with the struc-
tural design basis loads (which include the flood, wind, tornado, rain, and
snow loads). These ITAAC apply only to safety-related' structures and are not

applicable to thhnd turbine buildings. The verification of the
service and turbine building design for these icadings is subject to the

'

requirements of the norinal 10 CFR Part 50, Appendix B quality assurance
program.
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For. flooding, ITAAC also require inspections to verify that water-tight doors-
exist, penetrations (except for water-tight doors) in the divisional walls are
at least 2.5 m above the flocr, and safety-related electrical, fI

instrumentation, and control equipment are located at least 20 cm above the |
- floor surface. In addition, for safety-related buildings, ITAAC require that

external walls below flood level are equal to or greater than 0.6 m to protect
against water seepage and penetrations in the external walls below flood level
are provided with flood protection features.
( % w ~ J a. m.,.tra c *\ r M .)
Pioe Break

.

'

To ensure that the applicable requirements of GDC 4 have been adequately.
addressed, ITAAC were established to verify that the safety-related SSCs have - i

'

been designed to the dynamic effects of pipe breaks. Component qualification' .
for the dynamic effects of pipe breaks is addressed by ITAAC established for
verifying the basic configuration of systems.'

For the RPV, ITAAC that verify the basic configuration of the RPV system; g
require an inspection of the critical locations that establish the boundingg g

.g loads in the LOCA analyses for the RPV to ensure that the as-built areas not -
u,ow I.w exceed the postulated break areas assumed in the LOCA analyses.

Asum

In addition. ITAAC have been established to verify by inspections of as-built,
high-energy pipe break mitigation features and of the pipe break analysisi

report that safety-related SSCs be protected against the dynamic and-
,

environmental effects associated with postulated high-energy pipe breaks.
ITAAC to verify pipe break loads'are not required for' the turbine,
and radwaste buildings'either because they are not safety-related structures
or there are no high-energy lines located within the structure.-

;

'

Codes and Standards.

> ;

To ensure that the applicable requirements of GDC I have been adequately '
)

addressed, ITAAC were established to verify that appropriate codes 'and'

standards were used in the design and construction of safety-related' systems. .

: and components. In ' general, the staff established only those codes and
.
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standards endorsed by the regulations under 10 CFR 50.55a in determining which
codes and standards were appropriate for Tier 1 verification. The ASME Boiler i

and Pressure Vessel Code, Section III for Code Class 1, 2, and 3 systems and
components was established as the code for the design and construction of I
System 80+ piping systems and the RPV. For safety-related building designs, |
the staff based its safety findings on audits of System 80+ design -

calculations which relied on specific codes and standards. These codes and
standards are contained in CESSAR-DC Section 3.8, and were identified in

Section 3.8 of this report as material that, if considered for a change by an
i applicant or licensee that references the certified System 80+ design, would " - >

T6A15 constitute an unreviewed safety question, and therefore, would require NRC
review and approval prior to implementation of i.ne change. These are also
listed in Section 1.11 of this report.

Inspections will be conducted as a part of ITAAC to verify that ASME Code-
required documents exist that demonstrate that the RPV, piping systems and
containment pressure boundaries have been designed and constructed to their
appropriate Code requirements. For other ASME Code components and equipment,
the verification of Code compliance will be performed in conjunction with the
quality assurance programs and by the authorized inspection agency as required
by the ASME Boiler and Pressure Vessel Code.

No ITAAC were established for System 80+ building structures because the codes
and standards used for their design and construction are not included in
10 CFR 50.55a.

As-built Reconciliation
|

To ensure that the final as-built plant structures are built .in accordance
with the certified design as required by 10 CFR Part 52, structural analyses
will be perfomed which reconcile the as-built configu' ration of the plant
structures with the structural design bases of the certified design. The I

structural analyses will be documented in structural analysis reports.
Structural analysis reports will be verified in conjunction with ITAAC for the
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primary containment and the reactor, control, radwaste, and turbine buildings.
The detailed supporting information on what is required for an acceptable
analysis report is contained in CESSAR-DC Chapter 3.

l

Similarly for piping systems, an as-built analysis will be performed using the I

as-designed and as-built information. ITAAC will verify the existence of- j'
acceptable final-as-built piping stress reports that conclude the as-built
piping systems are adequately designed.

1r d
Tor the RPV, the key dimensions of the RPV system will be verified in conjunc ,

Iwo o%y tion with the basic configuration check of the system. The key dimensions of
the RPV system and the acceptable variations of the key dimensions are
provided in the certified design description.

For component qualification, tests, analyses, or a combination of tests and
analyses will be performed for seismic Category I mechanical and electrical
equipment (including connected instrument'ation and controls) to demonstrate
that the as-built equipment and associated anchorages are qualified to
withstand design basis dynamic loads without loss of safety function. These

tests and analyses will be performed as a part of ITAAC to verify the basic
configuration of the system in which the equipment is located.

Conclusions

On the basis of the above discussion, the staff concludes that the structural
design integrity of the SSCs important to safety in the System 80+ standard
plant is adequately verified by ITAAC by ensuring that top-level design,
fabrication, testing, and performance requirements for SSCs important to
safety are satisfied. As di:, cussed above, these top-level requirements
constitute the bases for ;oncluding that the ITAAC are necessary and suffi-
cient to provide reasonable assurance that, if the ins'pections, tests, and
analyses are perforined, and the acceptance criteria are met, a facility that
references the design has been constructed and will operate in conformance
with the design certification and applicable regulations for assuring the
integrity of the System 80+ structural design.
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provided for the primary automatic logic. Diversity is provided in the form
of hardwired backup for reactor trip, di. verse display of impsri. ant process
parameters, defense-in-depth arrangement of equipment, and other equipment

diversity. |

The staff conducted a complete and thorough review of the System 80+ CDM .
material to ensure that the SRP guidelines and Commission guidance for I&C

design were appropriately addressed in both the CDM and the CESSAR-DC. The
staff's evaluation included the analysis methods, design procedures, accep--
tance criteria, and related ITAAC that are to be used for the completion and
verification of the System 80+ I&C design. The CESSAR-DC material contains
more detailed guidelines and applicable documents. The staff reviewed the CDM
and CESSAR-DC Section 14.3.2 in accordance with the requirements in Part 52

and the guidance provided in SRMs related to CDM development provided by the

Commission.

Selected material in CESSAR-DC Chapter 7 provides design information and

defines design processes that are acceptable for use in meeting the I&C
acceptable criteria in the CDM. This material includes design information

regarding hardware and software changes, commercial dedication, equipment
qualification, and electromagnetic compatibility. However, the CESSAR-DC
information may be changed by a COL applicant or licensee referencing the
certified design in accordance with a "50.59-like" process. The staff's
evaluation of the System 80+ design for I&C systems is based on the design

processes and acceptance criteria material in the CDM and the CESSAR-DC.
Consequently, the staff indicated in Section 7 of this report that any

#
proposed changes to the appropriate CESSAR-DC sections constitutes an %D
unreviewed safety question and, therefore, must be submitted to the NRC for

These issues are also listed in)review and approval prior to implementation.
Section 1.11 of this report.

.

The certified design description and design development process continue for
the lifetime of the plant. Any safety-related software that is changed or
added after plant start'up is required to either be developed using the ;

certified design development process described in the CDM, or the licensee
must submit a design process (together with the design bases) description that ,

.l
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CESSAR-DC Section 14.3.3.2 in accordance with the requirements in Part 52 and
the guidance provided in SRMs related to CDM development provided by the |
Commission. This review included information contained in multiple submittals
to the staff as listed in the background of Section 14.3 of this report.

Selected material in CESSAR Chapter 3 and Appendix 3.9A provides design
information and defines design processes that are acceptable for use in
meeting the piping DAC in the CDH. However, the CESSAR-DC information may be

changed by a COL applicant or licensee referencing the certified design in
accordance with a "50.59-like" process. The staff's evaluation of the
System 80+ design for piping systems is based on the design processes and
acceptance criteria material in the DAC and the CESSAR-DC. Consequently, the
staff indicated in Section 3.12 of this report that any proposed changes to

, ,

the appropriate CESSAR-DC sections constitutes an unreviewed safety question
and, therefore, must be submitted to the NRC for review and approval prior to
implementation. This information is also listed in Section 1.11 of this /

report.

14.3.3.1.2 Approval of the Piping Design DAC

Based on the staff's review of the material in the CDM, and a review of the
selection methodology and criteria for the development of the CDM contained in
CESSAR-DC Section 14.3.3.2, the staff concludes that the material in the CDM
is necessary and sufficient to provide reasonable assurance that, if the
inspections, tests, a'nd analyses are performed, and the acceptance criteria
met, a facility referencing the certified design will be constructed and will
operate in conformity with the design cartification, the provisions of the
Atomic Energy Act, and the Commission's rules and regulations.

14.3.3.2 Radiation Protection DAC

14.3.3.2.1 Review of the Radiation Protection DAC

The radiation protection aspects of the System 80+ design are provided in
CESSAR-DC Chapter 12 " Radiation Protection," and together with the associated
DAC in CDM Section 3.2, " Radiation Protection," are evaluated in Chapter 12 of
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The analysis methods used for transient and accident analyses are normally
reviewed on a generic basis. ABB-CE topical reports describing analytical
methods and the associated NRC approval letters (as stated in the response to
the staff request for additional information (RAI) Q440.89) were incorporated
into CESSAR-DC Sections 6.3.3 and 15.0.3 and are listed in Table 15.1-3 of
this report. The approved methods for non-LOCA analysis include the following
computer codes: g

V
The CESEC-III (Refs. I and 2) code: Calculates system parameters inclu-=

ding core power, flow, pressure, temperature and valve actions during a 7
transient.

The TORC (Ref. 3) and CETOP (Ref. 4) codes: TORC is used to simulate {-

the three-dimensional fluid conditions within the reactor core. Results
from TORC include the core radial distribution of the relative channel *are.
axial flow that is used to calibrate CETOP. CETOP Kused for all DNBR
calculations using the CE-1 critical heat f ux correlation.

DN or
The HERMITE (Ref. 5) code: HERMITE is used to determine short-term ya

response of the reactor core during the postulated reactor coolant pump
rotor seizure event. [ q-

L l o$:s b $ NO4 u)N .
'N

s
The C0AST (Refs. 6 and 7) code: Calculates the time-dependent reactor 1*

coolant mass flow rate in each loop y

The STRIKIN-II (Ref. 8) code: Calculates the cladding and fuel tempera-*

tures for an average or hot fuel rod.

The approved codes for loss-of-coolant accident (LOCA) analyses are discussed

as follows:

The CEFLASH-4A (Ref. 9) and CEFLASH-4AS (Ref. 10) codes: CEFLASH-4A and*

CEFLASH-4AS determine the primary system hydraulic parameters during

blowdown phase for the analysis of a large-break LOCA and a small-break
LOCA, respectively.

ABB-CE System 80+ FSER 15-3 February 1994



_ _ __ _ _ _ ..

A0 er 60(jlb w sde. ( M

ea n usardb L w a y & !0n
y

In the DSER, ABB-CE was requested to justify the adequacy of the convolution
method used for failed rod determination for the System 80+ design and

analysis. This 'was designated as DSER Open Item 15.1-2.

In response, ABB-CE provided additional information in CESSAR-DC Sec-
tion 15.0.4 (Amendment N) indicating that the DNB probability distribution
used in the CESSAR-DC analyses is based on the parameters of the 16 x 16 fuel

design and the CE-1 correlation. The staff reviewed the information and found
that the application of the convolution method to the System 80+ design is
within the applicable limits (the CE-1 correlation applying to the CE 16 x 16 ,

'

fuel design) of the approved method, and therefore, the staff conclu, des that -

en

Item 15.1-2 is resolved.

~

In the DSER, the staff's stated that ABB-CE had not identified all System 80+
design features that deviate from the requirements of the EPRI URD. ABB-CE ,

should have revised the design deviation list that was sent to the Nuclear /

Regulatory Commission (NRC) in a letter dated August 28, 1990. The revised f_
8list should include all design deviations and should justify the adequacy of

}4 O
the deviations for System 80+. Thiswasidentifiedin%DSEROpen
Item 15.1-3. The staff has reviewed ABB-CE's responses addressing the C 9
System 80+ design deviated from the EPRI URD requirements and found that the- p
responses are acceptable for closure of Open Item 15.1-3. The staff's
evaluation for the closure of DSER Open Item 15.1-3 is included in Section 1.1

of this report.
.

In the original submittal (Amendment H of CESSAR-DC), ABB-CE requested a
3-second delay time for a loss-of-offsite power (LOOP) caused by turbine trip.
The request is based on'the grid stability analysis for the worst case grid
within the United States. At the March 17, 1992, meeting, the staff indicated
that additional information was required to justify the 3-second delay and -
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but rather took it as an additional single failure to show limiting fault
criteria were not exceeded. However, GDC 17 in 10 CFR Part 50, Appendix A

requires, in par't:

An onsite electric power system and an offsite electric power
system shall be provided to permit functioning of structures, -

sys'tems, and components important to safety. The safety function
for each system (assuming the other system is not functioning)
shall be to provide sufficient capacity and capability to assure
that (1) specified acceptable fuel design limits and design
conditions of the reactor coolant pressure boundary are not

,

exceeded as a result of A00s and (2) the core is cooled and con-
tainment and other vital functions are maintained in the event of
postulated accidents.

.

In accordance with the requirements of GDC 17, a LOOP should not be considered

as a single-failure event and should be assumed in the analysis for each event
without changing the event category. ABB-CE was required to discuss each of
the transient and accident analyses in the CESSAR-DC to justify that the
analyses meet the GDC 17 requirements given above. If the existing analyses

#did meet the GDC 17 requirements, ABB-CE should have reanalyzed the transient
and accident analyses in accordance with GDC 17 and submit the results for the
staff to review. This was identified as DSER Open Item 15.1-5.

By letter dated December 18, 1992, ABB-CE agreed to comply with GDC 17, which

requires that the LOOP not be treated as a single failure. ABB-CE included
the results of reanalysis in the CESSAR-DC (Amendment R) Section 6.3.3 and
Chapter 15. The staff reviewed the submittal and found that ABB-CE considered
the LOOP in all the events analyzed and applied the acceptance criteria
specified in the related SRP sections for the event with or without LOOP. The
staff concludes that ABB-CE's approach complies with t'he requirements of.
GDC 17. On this basis, DSER Open Item 15.1-5 is resolved.

'

Subsequent to the DSER publication, ABB-CE proposed to increase the rated

power by 3 percent from 3,800 megawatts-thermal (MWt) to 3,914 MWt, and
reanalyzed the transient and accident events to support the request of the
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power upgrade for the System 80+ design. To reflect the design changes
related to the power upgrade, ABB-CE changed the assumptions used in the

original analysis for the following parameters:

1

1. The range of initial conditions for the CESSAR-DC Chapter 15 analyses is j
reduced for pressurizer pressure and core inlet temperature. The i

revised values are listed in Table 15.1-1 of this report. |
!

2. The minimum flow rate through the pressurizer safety valves is increased

by 14 percent. |

|

3. The maximum charging flow rate is reduced by 20 percent to 5671pm

(150 gpm).

4. The most positive MTC at full power is changed from 0.0 to -1.8 x 10''
delta-rho /'C (0.0 to -0.1 x 10'' delta-rho /*F). At zero power, the MTC

is reduced from 0.9 x 10'' delta-rho /'C (+.5 x 10'' delta-rho /*F) to 0.0.

5. T C oil delay time is reduced from 0.8 seconds to 0.5 seconds.

6. The 90 percent CEA insertion time is reduced from 3.66 seconds to

3.5 seconds.

7. The site atmospheric dilution factors, X/Qs, are changed to the EPRI URD
values.

8. The offsite doses for events involving fuel failure are computed using
the NUREG-1465 source term.

The staff reviewed the above changes in the. assumptions used for the power

upgrade reanalysis and. finds that they are acceptable 'for the following
reasons:

1. Item 1 -- The range of-initial conditions is bounded by the limits
specified in TS 3.4.1 (CESSAR-DC Chapter 16). 1
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2. Item 2 -- The flow capacity of the pressurizer safety valves is within
the design capacity described in CESSAR-DC Section 5.4.13 and its
Appendix 54.

3. Item 3 -- The flow capacity of the CVCS charging pump is bounded by the
design flow described in CESSAR-DC Section 9.3.4. -

4. Item 4 -- The values of the MTC is within the limits of TS 3.1.4.

Item 5--TheCEpH oil delay time bounds the limits obtained from data5.

test per ormed on equipment identical to that of the System 80+
bCEA H esign. The delay time of 0.5 seconds also bounds field test data
the Palo Verde reactor (a System 80 plant with a similar CEADM

design), that shows a maximum CEADM delay time of 0.49 seconds. The

results of these tests are included in CESSAR-DC Section 15.0.2
(Amendment R).

6. Item 6 -- The 90 percent CEA insertion time of 3.5 seconds is consistent
with the measured data for the test described in Figure 4B-4 of CESSAR-
DC Appendix 48 and is bounded by TS 3.1.5.

7. Items 7 and 8 -- The assumptions related to X/Q and the source term for
the radiological calculation are consistent with the staff's position.
(See the staff's evaluation in Section 15.4 of this report).

ABB-CE used the TORC code instead of the CETOP code to calculate the minimum
DNBRs for the feedwater line break, loss of condenser vacuum, locked rotor,
and steam generator tube rupture events. Since both TORC and CETOP were

previously approved by the staff for the DNBR calculation (as discussed-in
this section), this approach is acceptable.

.

ABB-CE provided the results of reanalysis for the power upgrade in CESSAR-DC
Section 6.3.3 and Chapter 15 (Amendment R). The staff reviewed the submittal
and provides the evaluation as follows.

ABB-CE System 80+ FSER 15-9 February 1994
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Table 15.1-3. Computer Codes Used in the Safety Analyses
|

=

|
Code Documentation NRC acoroval letter

Non-LOCA analysis
'

CESEC-III (system code) LD-82-001 Ref. 15

CETOP-D (Rev. 1) CENPD-161, CEN-160-S-P Ref. 16
TORC (thermal-hydraulic code) CENPD-206 Ref. 17

HERMITE (neutronic code) CENPD-188 Ref. 18

COAST (RCS pump flow CENPD-98 Ref. 19
cooldown code)

STRIKIN-II (fuel behavior code) CENPD-135, Ref. 20
Supplements 2 and 4

Small-break LOCA analysis

CEFLASH-4AS (systems blowdown code) CENDF-133, Refs. 21 and 22
Supplements 1 and 4

COMPERC-II (reflood system code) CENPD-134, Refs. 21 and 23
Supplements 1 and 2

STRIKIN-II (fuel behavior code) CENPD-135, Refs. 21, 24,
Supplements 2, 4, and 5 and 25

FATES 3 CFNPD-139,CEN-161(B) Refs. 26 and 27
(fuel gap conductivity code)

PARCH Nd am c.o6 I
(p;;l L Mng heac - CENPD-138, Refs. 21 and 28
Transfer Code) Supplements 1 and 2 i

JLarae-break LOCA analysis

CEFLASH-4A
(system blowdown code) CENPD-133, Refs. 21 and 23 |

Supplements 2, 4 and 5

COMPERC-II CENPD-134, 'Refs. 21 and 23 |

Supplements 1 and 2

STRIKIN-II CENPD-135, Refs. 21, 24,
Supplements 2, 4 and 5 and 25 ;

1-

-

|
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15.2 Transient Analyses

For the System 8b+ design, ABB-CE analyzed all events described in SRP

Chapter 15 and presented the limiting event or event combination for each
category in analytical detail in CESSAR-DC C.hapter 15. For non-limiting

events, ABB-CE provided qualitative discussions explaining why the events <are
not limiting. The staff's evaluation of the system responses and thermal-
hydraulic behaviors of the analyzed transients is discussed in Section 15.2
for transient analyses and in Section 15.3 for accident analyses. The staff's
ovaluation of the radiological consequences for various postulated events is
presented in Section 15.4 of this report.

15.2.1 Increase i'n Heat Removal by the Secondary System

In CESSAR-DC Section 15.1, ABB-CE presented the analytical results of the
events with increase in heat removal by the secondary system in accordance
with SRP Sections 15.1.1 through 15.1.4. These SRP sections correspond to the

following subjects:

decrease in feedwater temperature (SRP Section 15.1.1)a

increase in feedwater flow (SRP Section 15.1.2)=

increase in steam flow (SRP Section 15.1.3)=

inadvertent opening of a steam generator (SG) relief or safety valve (SRP=

Section 15.1.4)

ABB-CE's acceptance criteria for moderate-frequency transients discussed in
CESSAR-DC Chapter 15 are consistent with the gu , es of SRP Chapter 15. ]
The acceptance criteria are: i

fIoam |

Pressure in the reactor coolant aid main systems s ould be maintained !=

below 110 percent o'f the design p ssure. j

|
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Fuel cladding integrity should be maintained by ensuring that the minimum*

DNBR remains above 95/95 DNBR safety limit.
+

,

A transient of moderate frequency should not generate a more serious*

plant condition without other faults occurring independently.
.

A transient of moderate frequency in combination with single active*

~ component failure, or single operator error, should not result in
loss of function of any barrier other than the fuel clad

.

ABB-CE evaluated these four overcooling event catego les qdit.dveh and
determined that the limiting event is the event of an nadvertent _o of

an SG atmospheric dump valve (IOSGADV), which belongs to Category 4 events
documented in this section. Since the IOSGADV event results in a higher
cooldown which causes a higher power increase and consequently results in the

highest DNBR decrease during the transients, ABB-CE determined that the
10SGADV event is the limiting overcooling event.

In the analysis of the 10SGADV events, a maximum steam flow of Il-percent of
the total SG design flow was assumed to release from an ADV. With no operator
intervention or system malfunctions, the analytical results showed that the
core power of this event increased and stabilized at II5-percent of the rated

To include the maximum cooldown effect, the feedwater controlcore power.
system was assumed to operate in the automatic mode to maximize the feedwater
to the SGs. As a result, the SG water level was maintained and an automatic
turbine trip would not be predicted to occur. The analytical assumptions and
initial conditions were chosen so that the greatest overpower conditions would

occur as a result of the increase in steam flow. If the core power increases

beyond 115-percent of the rated power, the CPC will initiate a reactor trip.
To comply with the GDC requirements, a LOOP was assumed to occur simul-

taneously with a turbine trip. In the analysis, the operator action was
assumed to actuate reactor and turbine trips at 30 minutes after the initi-
ation of the event. The RCPs were assumed to begin coastdown at the time of

'

turbine trip. To limit the steam released to the atmosphere, the ADV was

assumed to close at 50 minutes after event initiation. The staff finds that
the assumption of delay time of 50 minutes to close ADV is conservative for
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the radiological release calculation because the staff's position stated in
SRP, Chapter 15, allows operator actions to be credited for event mitigation

,

after 30 minutes following initiation of the events.

ABB-CE also' assessed the consequence of the limiting single failure for each
event. The most limiting single failure identified for the four over-cooling
event categories discussed in this section is the loss of the feedwater

- control system (FWCS) reactor trip override (RTO). This fault results in the
feedwater control sys Ming to reduce feedwater flow after reactor trip.
The feedwater contipues to remov.e the heat from the RCS at a high rate thereby=,

}
reducingRCSpressure,andresulkinginalowerDNBRvalue. The results of

ABB-CE's analysis' igdicatg that: ! the minimum calculated DNBR is 1.30 ford[
a

IOOSGADV withJpokerfS.Lla, a$d is 1.29 for 10SGADV with LOOP and the most

g limiting single; failure. The c'alculated peak RCS and SG pressures for both
cases are within\ he safet dmitsof110percentofthedesignpressures.t
The 10SGADV event wi and without a single failure is the limiting event for
the four overcooling event categories. Since it does not result in a minimum
DNBR less than the safety DNBR limit of 1.24, ABB-CE concluded, and the staff
agrees, that no fuel damage would occur for any of the four overcooling event
categories. Based on the calculational results showing no violation to the
safety pressure limits and safety DNBR limits, the staff concludes that the
analysis is acceptable. .

|
l
I15.2.2 Decrease in Heat Removal by the Secondary System

In CESSAR-DC Section 15.2, ABB-CE included the analytical results for various
transients resulting from a decrease in heat removal by the secondary system,
and identified the limiting cases for the consideration of integrity of RCS
system boundary and fuel rod cladding to withstand the consequences of
transients. The following transients were analyzed in accordance with the
guidance in SRP Section 15.2:- '

loss of external load.

turbine tripa

loss of condenser vacuum.

main steam isolation valve closurea
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|

1

\-

|

loss of non-emergency ac power to the station auxiliaries*

loss of normal feedwater flow.

-,

ABB-CE's analysis showed that the most limiting case is the loss of condenser |

|

vacuum (LOCV) event, which may be caused by the failure of the main condenser |

evacuation system to remove non-condensable gases, or excessive in-leakage of
air. Similar to the turbine trip and the loss of load event, the LOCV ovent
also results in a turbine trip. However, feedwater terminates following a
LOCV event while it ramps down following the turbine trip and the loss of load
event. The larger reduction in heat removal due to sudden termination of
feedwater results in a higher peak RCS pressure and lower minimum DNBR for the
LOCV event.

Various combinations of initial core inlet temperature, pressurizer pressure
and pressurizer water level were considered in order to select a set of
initial conditions to generate the highest peak pressure and lowest minimum
DNBR resulting from the LOCV event. ABB-CE's analysis indicated that
decreasing the initial core inlet temperature reduces the initial steam
generator pressure, thereby delaying the opening of the main steam safety
valves and associated heat removal effects. Thus, the initial inlet
temperature was assumed at the minimum value of the operating range. The

pressurizer pressure and pressurizer water level were chosen to maximize the
delay time to trip the reactor, and to open the main steam safety valves,
resulting in a maximum peak pressure.

In compliance with GDC 17 that requires a loss of offsite power (LOOP) to be
considered in the analysis, ABB-CE assumed that the LOOP occurred coincidently
with the initiation of the-LOCV event, which results in a simultaneous turbine
trip. The LOOP causes the four RCS pumps to coastdown, which in turn, results
in a reactor trip signal generated by the low pump shaft speed. This reactor
trip signal occurs earlier than that generated by the high pressurizer
pressure signal from the LOCV event without LOOP. Consequently, ABB-CE

indicated that with respect to peak pressure, the LOCV event with power
available has a longer reactor trip delay time for the RCS pressure to
increase and ,thus, is more limiting than the event with LOOP. With respect
to fuel performance, the LOCV event with W D, 9th im Lh~" -

b 4( ${gh powm/ Md$ @,
-
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r ar;:n:; pnca te th: ;t;ti.n ; ,Mi.ci: g results in a lowest minimum
DNBR. ABB-CE evaluated the single failures listed in CESSAR-DC Table 15.0-4

and concluded that no single failure will result in a lower minimum DNBR or a
higher peak RCS pressure than that for the LOCV event with cxiintix :T e
L^^" f;11. ;n3 m,;i : +t Dbk d#ajofo

ABB-CE's analyses showed that for the limiting LOCV event among the heatup
events discussed in this section, the minimum calculated DNBR is 1.26,
indicating no fuel failure. The maximum peak RCS pressure is 1.88 x 10' kPa

(2726 psia), which is less than 110 percent of the design pressure thereby
assuring integrity of the pressure boundary for any of the heatup events
discussed in this section. The staff finds that the results of these analyses
are in conformance with the acceptance criteria of SRP Sections 15.2.1 through

15.2.5. Therefore, the staff concludes that the analyses are acceptable. On
this basis, DSER Open Item 15.2.2-1 is resolved.

15.2.3 Decrease in Reactor Coolant flow Rate

A complete loss of forced reactor coolant flow will result from the simultan-
eous loss of electrical power to all reactor coolant pumps. The only credible

I failure which can result in a simultaneous loss of power is a complete loss of
| offsite power. In addition, since a loss of offsite power is assumed to

result in a turbine trip and renders the steam dump and bypass system function

| unavailable, the plant cooldown is performed utilizing the main steam safety
'

valves and atmospheric dump valves.

In CESSAR-DC Section 15.3.1 (Amendment R), ABB-CE presented the analytical

results for events involving total loss of forced reactor coolant flow that
leads to a decrease in reactor coolant flow. The partial loss of forced
reactor coolant flow, resulting in smaller loss in the DNBR margin, is bounded
by the total loss of forced reactor coolant flow.

|

A loss of power to all reactor coolant pumps produces a reduction of coolant
flow through the reactor core. The reduction in coolant flow rate causes an
increase in the average coolant temperature in the core and a decrease in (
margin to DNB. A low fMtfHt trip is initiated by the core protection calculator, J

S N T b N T p t. h l
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1

power initial conditions (Cases 2 and 5), and initiated by a low SG pressure
trip signal for an SLB at zero power initial conditions (Case 4).

.

The analytical results demonstrated that Case 2 bounds Case 1 and Cases 3
through 6 from a return-to-power consideration. The staff finds in the
analytical results that the limiting Case 2 (an SLB at full power with .

a single failure) does not result in a return to criticality. The maximum
total reactivity for Case 2 is -0.81 percent A-p, showing that the core is
subcritical and that no fuel experiences DNB.

o.(ciss D[
Case 5 was identified as the limiting SLB or worst radiological consequences.
The staff finds in the analytical resu s that Case 5 tside contain-
ment during full-power operation with offsite powe .. . ;i ovi e d a single

failure) results in minimum DNBR of 1.25. No fuel fai e was predicted.

However, for radiological calculations, 0.5 percent of the total number of
fuel rods were assumed to fail.

Staff Evaluation

The staff reviewed the SLB analysis described in CESSAR-DC Section 15.1.5 and

found that approved methods (the SLB version of CESEC) were used to analyze
the SLB events. The plant parameters used in the SLB analysis reflect the
System 80+ design. The analytical results demonstrate that the consequences
of postulated SLBs meet the requirements in GDC 27, 28, 31, and 35 regarding
control rod insertability and core coolability. Therefore, the staff
concludes that the SLB analysis is acceptable.

The staff discusses its evaluation of the radiological release consequences
for the SLBs in Section 15.4 of this report.

I

Since no fuel failure is predicted, the statistical convolution method was not i

used by ABB-CE in the analysis.
|

In the DSER, the staff'noted that ABB-CE credited the non-safety-grade turbine- |
stop and control valves in the original SLB analyses to isolate the steam !

blowdown from the intact SG for an SLB with an opened MSIV in the intact SG.
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nuclear annex; and (3) the presurizer low-level, nuclear annex sump high
level and the volume control tank low level alarms.

ABB-CE assumed that 30 minutes after the first alarm, the operator would
isolate the letdown line, thereby terminating further release of primary fluid
discharged to the nuclear annex, and subsequently bring the reactor into the
shutdown condition. , ,

minimwm

The range of parameters of CESSAR-DC Ta 15.0-3 was assessed in establishing
the most adverse initial condition f the maximum total mass release. The
worst initial conditions identifie include: (1) maximum core power,

(2) maximum core inlet temperatur ; (3) low core flow, (4) maximum pressurizer
pressure; and (5) high pressurizer level. ABB-CE also assumed that t CS

charging pump flow was at the m.d.m.m des.ign- low rate in order to ximuMh

letdown line discharge and, thus, max izeKt e radiological conseque .

b}vCh&?f 9%sV&
The NRC-approved CESEC-III code was used to simulate the event. The calcu-
lated reactor coolant discharge outside the containment was used for the
radiological release calculations. The staff's evaluation of the radiological |

release calculations is included in Section 15.4 of this report. Since the
blowdown rate and the rate of decrease of RCS pressure (which determines the
extent of decrease in the DNBR) during this event are bounded by that of SGTR
events, the minimum DNBR resulting from the event with and without a LOOP is |

limited by that of the SGTR event with a double-ended tube rupture (which )
results in a blowdown rate [(CESSAR-DC Figure 15.6.3-42A (Amendment H)] of
approximately two times of that for the DBLOCUS event) and, thus, does not
fall below the DNBR safety limit of 1.24, assuring the fuel integrity j

throughout the event. i

Since the assumptions used and the analyses performed for this event are
acceptable and the scenario, as described in CESSAR-DC ~Section 15.6.2, assures

1that ABB-CE considered the most severe failure of a letdown line carrying the '

primary coolant outside the containment, the staff concludes that the analysis
is acceptable.
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staff includes the evaluation for the post-LOCA long term cooling in
Section 15.3.8 of this report. |

i

'l
Boron dilution durina SBLOCAs j

|

!
Existing experimental evidence and recent analysis results show that an -

inherent mechanism for boron dilution in the PWR RCP loop seals could exist
for events (including small break loss of coolant accidents, SBLOCAs) that
involve heat removal by reflux cooling. The deborated water in the RCP loop
seals could be transported to the core through natural circulation processes
or startup of RCPs. Injection of the deborated water into the core would be a

significant reactivity addition that could possibly result in damage to the
core. ABB-CE was requested to address the applicability of this boron
dilution event to the System 80+ design and provide resolutions to this issue.

In response to the staff's request, ABB-CE submitted the results of their
evaluation of the potential for RCS boron dilution during a SBLOCA.
Basically, the postulated SBLOCA scenario results in the accumulation of
deborated water in each of the RCS cold leg loop seals. The mechanism for
accumulating deborated water in the loop seals occurs from steam condensation
(reflux cooling) following steam generator (SG) tube drainage. During reflux
cooling, the condensate on the cold leg side of the SG tubes drains into the
loop seals. The staff was concerned that in this configuration, the introduc-
tion of deborated water in the core would have deleterious effects on main-
taining subcriticality. ABB-CE stated that low-boron concentration in the
System 80+ loop seals may occur for small break sizes between 1 and 3 inches
in diameter.

an ud/mlked sfR
A bounding analysis was performed without credit ng any of the mixing of
borated and unborated water which is expected t occur in the RCS. Instead,

the condensate was assumed to enter the core as r slug'of pure water, with the
effective size ei ieur ccid h; laar re2h [a'4 $rr"^ % tcli 4.CC m

3.(200 #t ) h valumet moving at a natural circulation flow rate consistent
with that of a small break at the time of RCS refill using ECCS injection.
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.

'E .

The staff agrees that a 20-minute delay is a conservative time limit to permit (
; the condensate to pass through the RCS at the natural circulation flow rate {''D (approximately 2 percent to 3 percent of total flow) and mix with the highly =

,

f borated coolant in the RCS. However, the staff is concerned that the operator y;
I,7 Lcould err in determining that natural circulation is established, and for how

5 i%

[ long it is established. Because of the potentially serious consequences of an jt
*

u
+S operator prematurely restarting an RCP (assuming the presence of an unborated f .I
V o <C,
3 slug), the staff believes that procedural controls alone may not be adequate. ,

,,y y ABB-CE must, therefore, demonstrate that the event is incredible; the ,[|
[p consequences are not serious; or provide additional protective measures. )3; 4

!Subsequently, ABB-CE presented additional information to the staff regarding

,5f his issue at a meeting held on February 10, 1994. Information was provided t.,

ghf Ig on use of the FLUENT code for mixing calculations and on the actual flow

f+ skirt a lower internals configuration under the RCS conditions cited above.
*'

Specific con rvatism regarding such things as jet stream effects on mixing 4 *

-O 9
were clarified. The effect of time in cycle was discussed and showed that
only during 1/3 of the fuel cycle was a return to critical possible even with T. I
a pure slug. Also, the volume of condensate formed was related to the number 3 S|
of SI pumps available. Therefore, cases of larger condensate production were 4

found to be of lower probability since it is more probable that all SI pumps g ?. !
would be available. In addition, ABB-CE has further modified the System 80+ p|
EOGs to require technical support center approval prior to RCP restart and has {u
re-ordered the EOG steps to emphasize verification of natural circulation q
prior to consideration of RCP restart. Finally, ABB-CE indicated that should
a prompt critical excursion which breaches the vessel occur, the containment !,

is expected to remain intact because of the availability of containment sprays }}
and cavity flooding, q) w

w 5' ,

|(pThe staff considers this issue to be technically resolved. It will remain a
confirmatory item, however, pending formal documentation of the informat' ion g

Ipresented at the meeting, incorporation into the CESSAR-DC, and update of the
System 80+ E0Gs. This issue is identified as part of FSER Confirmatory ;

'

Item 1.1-1. t
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15.3.8 Post-LOCA Long-Term Cooling

Long-term cooling (LTC) initiates when the core is quenched after a LOCA and
terminates when the plant is secured. The objectives of LTC are to maintain
the core at safe temperature level and to avoid the precipitation of boric
acid in the core region. In CESSAR-DC Section 6.3.3.4, ABB-CE described the

LTC methods (Ref. 29) for the System 80+ design.

The System 80+ design uses two different methods for LTC, depending on the

break size. If the break size is sufficiently small, the shutdown cooling
system (SCS) is used. For LBLOCAs, simultaneous hot-leg and direct vessel

injection (DVI) is used to maintain core cooling and avoid boric acid
precipitation.

The LTC operation requires the operator to initiate cooldown within 1 hour
following a LOCA by releasing the steam through the turbine bypass system (if
ac power is available) or the atmospheric dump valves (if ac power is unavail-

able) . Between 2 and 3 hours following a LOCA, the operator is required to
open hot-leg injection valves in charging piping of SI pumps 3 and 4, and to
close the corresponding DVI flow-path valves for hot-leg injection. The DVI
nozzle flow paths of SI pumps 1 and 2 are opened. This configuration with
pumps 3 and 4 injection to the hot-legs, and pumps 1 and 2 injection to
respective DVI nozzles, provides simultaneous hot-leg injection and DVI for

dLTC.
$1

?
Between 8 and 9 hours after the LOCA, if the RCS pressure is greater than c

3.1 x 10 kPa (450 psia) and the RCS is filled with water, the operator is f3

required to cool the plant down to the shutdown cooling conditions by using
the steam generators and the pressurizer auxiliary spray. The Ey:tg agi

3design uses the criterion of RCS pressure greater than 3.1 x 10 kPa
(450 psia) at 8 to 9 hours after a LOCA to distinguish' the LOCA as a small-
break and initiate the SCS for LTC. The SIS is designed so that one of the
hot-leg injection systems and one of the DVI injection systems will remain ;

functional during the worst single failure, which is identified as failure of
one of two emergency diesels to start.

|

|
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ABB-CE used the approved methods in CENPD-254-P-A, " Post-LOCA Long Term

Cooling Evaluation Model," to perform the LTC analysis demonstrating adequacy
of the LTC operation strateg.v. For the large break, offsite power was assumed

! to be lost during the accident. The identified worst single failure is the
I failure of one of the diesel generators to start, resulting in only two SI

pumps and one emergency feedwater train being available for LTC. The LTC- .

I analysis assumed one SI pump injection to spill at the break for the DVI line
break and only credited one SI pump for LTC. One atmospheric dump valve on
each steam generator was used to cool down the RCS. The cooldown was assumed

i

| to begin one hour after a LOCA.

The results of the analysis for the double-ended-cold-leg break, which was
identified as the worst case in terms of long-term boric acid accumulation in
the inner vessel, show that the boron concentration in the core remains below
the boric acid precipitation limit during post-LOCA conditions. Thus, the

analysis shows that no threat to the long term cooling due to blockage caused
by the boric acid precipitation.

2 aThe LTC analysis for the small break (size less than 0.003 m or 0.03 ft )
also demonstrates that ABB-CE will be able to use the SCS for the long-term
cooling for a small break LOCA. During the cooldown, sufficient emergency
feedwater is available to cool the plant down to the shutdown cooling entry
conditions and the SI flow will refill the RCS to assure that proper suction
is available for entering shotdown cooling.

Nich
Since previously approved methods were used t emonstrate an adequate margin

available for the post-LOCA LTC, this sati es the long-term core cooling
acceptance criteria of 10 CFR 50.46. H ever, the original analysis credited
the auxiliary pressurizer spray, whi is a non-safety-grade system, for the

3RCS cooldown and assumed the SCS e ry conditions to be 4.19 x 10 kPa and

204 *C (608 psia and 400 *F). The entry conditions for the System 80+ SCS are
32.76 x 10 kPa and 177 *C (led' psia and 350 *F). ABB-CE was required to

reanalyze the post-LOCA LTC sing only safety-grade systems and using the SCS
for LTC based on the de' sign initiation temperature and pressure. This was

designated as part of DSER Open Item 15.3.1-2.
!

4 50 )
|
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I

not exceed (1) the exposure guideline values set forth in 10 CFR Part 100 for |

both the preaccident iodine spike and fuel failure cases, and (2) a small -

fraction (i.e., 10 percent) of these exposure guidelines for the event- |
i

generated iodine spike case. Consequently, the staff finds the System 80+
design acceptable with respect to the radiological consequences of a nain

steam line failure outside containment.
- .

As discussed in Section 15.1 of this report, ABB-CE has agreed not to take
credit for a three second LOOP delay in the transient and accident analysis.
On this basis, DSER Open Item 15.4.1.1-1 is resolved.

As discussed in Section 15.1 of this report, the staff found that application-
of the convolution method to the System 80+ design is within the allowable
limits of the approved calculational method and was acceptable for the ;

System 80+ fuel type. On this basis, DSER Open Item 15.4.2.1-1 is resolved.

15.4.2.2 Decrease in Heat Removal by the Secondary System: Feedwater System

Pipe Breaks

Of the many events which could lead to a decrease in heat removal by the
secondary system, only one, a feedwater system pipe break, was judged to have
potential offsite radiological consequences associated with it. The limiting

feedwater line break (FLB) event occurs with a break downstream of the check
valves, inoperability of the main feedwater system (MFS), and low enthalpy
break discharges. The resultant loss of feedwater flow to both steam
generators results in a reduction in steam generator water levels and
increasing steam generator temperature 7

0g g Osle$tN )
In conducting the evaluation of this event to identify the limiting break
size, ABB-CE considered a spect m of postulated break sizes and concluded.the

g. h limiting break size i 969d ABB-CE determined that the minimum

DNBR experienced throughout tne event is less than 1.24 and that less than
A 15 percent fuel failure 'would_ result. DNBR is minimized at a break size of
0.02 m3 (0.2 f t') . A to'tal of 5%f00 kg (C,"'''-lbm) of steam was calculated
to be released from the T .. . w system to th atmosphere during the first
thirty minutes o_f the tr sient ith a deconta,ination factor of 1. During

MONQ Q W
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the period between 30 minutes and 8 hours, ABB-CE assumed that steam releases
are the same as for the steam line break case, since the cooldown is the same.

Two sources of activity were considered by ABB-CE in analyzing the
radiological impact of this event, the initial steam generator inventory -
activity and activity added to the secondary side from primary to secondary
tube leaks. TS activity limits in both the primary and secondary side were s

assumed; activity releases based on the initial activity in the secondary h
O'S

g , coolant as well as from activity associated with primary to secondary leakage.
In ABB-CE's analysis, thyroid doses at the exclusion area boundary of 0 v

rem) were computed. ABB-CE also computed a whole body dose of x

10 ' Sv (O. rem at the exclusion area boundary. 3Q
@*e33

ABB-CE noted that both the RCS and main steam pressure boundaries remain

intact and that maximum calculated doses do not exceed a small fraction of 10
CFR Part 100 guideline values. The staff has reviewed ABB-CE's calculation of
the offsite dose consequences (to the whole body and the thyroid) based upon
the mass releases reported by ABB-CE and a conservative description of the

3plant response to the accident. A X/Q value of 1.0 x 10'3 sec/m for the 0-2
hour time period was used in the evaluation of the radiological consequences
of a feedwater line break event. The staff concluded that the TS limits on
primary and secondary coolant activities will limit potential offsite doses to
values which are less than a small fraction of the exposure guideline values
of 10 CFR Part 100. Therefore, the calculated offsite dose consequences of a
feedwater line break are within the acceptance criteria set forth in SRP
15.2.8 and are acceptable.

As discussed in Section 15.1 of this report, the staff found that application
of the convolution method to the System 80+ design is. within the applicable
limits of the approved calculational method and was ac'ceptable for the
System 80+ fuel type. In addition, since no fuel failure is expected from a
loss of condenser vacuum event, no radiological consequence analysis is
required. On this basis, DSER Open Item 15.4.1.2-1 is resolved.

ABB-CE System 80+ FSER 15-71 February 1994
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The ruptured CEDM pressure housing is assumed to rel ase activity imediately
to the containment where instantaneous mixing throu out the containment is

assumed. In the analysis of the radiological cons uences of a CEA ejection
accident, ABB-CE noted that ejection of a CEA cau s core power to increase
rapidly due to the prompt positive reactivity in rtion or addition. ABB-CE
noted in its analysis that following a postulate CEA ejection event,
6.8 percent of the fuel is calculated to experi ce DNB. ABB-CE assumed in
its analysis that two sources of offsite radiat on exposures pouTd iccuM N .s

-viCti$e actTdty available for leakage from he containmefit 44c "- %t

[,.-40 -Stry and,Mhe activity released from the atmospheric aump_ valves during
,

cooldown. In~' performing its analysis, ABB-CE utilized the assumptions from
RG I~.77, Appendix B as modified by NUREG-1465, " Accident Source Terms for

Light-Water Nuclear Power Plants." Specifically, ABB-CE considered the
activity in the fuel pellet clad gap to be composed of 5 percent of the core
iodine, 5 percent of the core noble gas, and 5 percent of the core
Cesium / Rubidium fuel inventory at the end of core life. This inventory was
developed by assuming continuous maximum full power operation. In addition,

ABB-CE assumed that for those fuel pins that are predicted to experience DNB,
all of the activity in the pellet clad gap is assumed to be instantaneously
mixed throughout containment and available for leakage to the atmosphere.

In addition, ABB-CE also considered activity released from the secondary
system following the CEA ejection event. This activity was assumed to consist
of activity initially in the steam generators plus additional secondary side
activity arising from' primary to secondary leakage'at the maximum rate allowed
by TS. The total dose to the maximum exposed individual is given by the
greater of the containment leakage component and the primary to secondary
leakage component. ABB-CE determined a thyroid dose for this event of 0.70 Sv
(70 rem) via the containment pathway or 0.17 Sv (17 rem) via the secondary
pathway.

The staff has reviewed ABB-CE's analysis of the radiological consequences of a
|control element assembly ejection accident using the assumptions specified in.

NUREG-1465 and finds that the analyzed radiological consequences of this event

are within the acceptance criteria of SRP 15.4.8. The staff concludes that i

the site parameters specified with respect to acceptable site atmospheric
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are provided inside containment, which limit the leakage of reactor coolant
outside containment to a value such that regulatory acceptance criteria from

~

SRP 15.6.1 are satisfied. On this basis, DSER Open Item 15.4.2.4-1 is

resolved.

ABB-CE also assumed that 19.8 percent of the escaping fluid flashed to steam,
based on'the fraction of primary fluid that flashes to steam in the nuclear
annex. This fraction of escaping fluid that flashes to steam in the nuclear
annex is based on the enthalpy of the escaping fluid. ABB-CE also assumed no

credit for ground deposition or radioactive decay of activity that escapes to _
oh h,the exclusion area boundary.

Further, ABB-CE assumed that the pressurizer level control ,ystem failed such
that the charging flow rate was mer , thereby causing Mghar break flow

.r.atste during the transient &ad .m p..i.; the radiological consequences of
ithis transient.

M **Myn NN
The staff has reviewed ABB-CE's analyses of the radiological consequences of

the failure of a letdown line outside containment and concludes that with the
specified site parameters acceptance criteria, the System 80+ design is
sufficient to provide reasonable assurance that the calculated radiological
consequences of a postulated small line failure outside containment in
combination with an event-generated iodine spike, do not exceed a small
fraction of the exposure guideline values set forth in 10 CFR Part 100.

15.4.2.5.2 Steam Generator Tube Rupture

Steam generator tube rupture (SGTR) events involve a sudden failure of a steam
generator U-tube, which provides a barrier between the RCS and the main steam

system. In the normal course of this event, radioactive material from the
leaking steam generator tube mixes with the shell-sidb water in the affected
steam generator. In performing the analyses of the radiological consequences

.of a SGTR, ABB-CE considered three different event sequences. These sequences
'

included:

l
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Using an alternativej process, ABB-CE concluded that the maximum allowable

dilution factor is 4442.x 10''. This value reflects the minimum extent to
which the radioactive liquid released from the failed BAST will be diluted
prior to reaching the potable water supply. Based on its review, the staff |

finds that the methodology and approach used by ABB-CE to establish a site i

acceptance criterion for the minimum dilution flow required to limit the |
'concentration of radioactive material at the nearest potable water supply to

values less than the effluent concentrations specified in 10 CFR Part 20, are j
acceptable. )

|

15.4.2.6.3 Spent Fuel Cask Drop Accidents |

SRP 15.7.5, " Spent Fuel Cask Drop Accident," specifies that if the potential
drop during handling of a loaded cask is less than 30 feet, and if the
handling procedures meet all applicable criteria, then the radiological |

consequences of a spent fuel cask drop accident need not be estimated.

!
In the CESSAR-DC, ABB-CE noted that all cask lifts from the cask laydown area
have been limited to less than 30 feet. In addition, ABB-CE noted that the

I

spent fuel cask handling crane operating procedures establish requirements for
operator training, crane inspection, and approved cask handling procedures.

1

Finally, ABB-CE noted that the cask handling crane is provided with mechanical
stops and electrical interlocks to prevent its movement over the spent fuel
pool after the pool contains irradiated fuel.

Therefore, since plant design criteria and cask handling procedures satisfy
the applicable criteria of SRP 15.7.5, no radiological impact evaluation of a |
cask handling accident is required.

15.4.3 Environmental Protection Agency (EPA) Protective Action Guideline

(PAG) Dose Calculations

In Section 15 of the CESSAR-DC, ABB-CE presented the results of a dose
calculation for a sequence which conservatively represents the systems and
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weighted fall height of spray droplets to be 25.9 m (84.8 ft). To obtain a
weighted average value of the spray removal coefficient for the entire sprayed
volu'me (the sum of Regions I, II, and III), ABB-CE weighted the individual
spray regions by the number of nozzles included in each of three sprayed
regions. ABB-CE calculated mixing between the sprayed and unsprayed volumes
of the containment using the method described in the EPRI evolutionary plant
source term paper (Ref. 1). This method is based on the density increase in
the sprayed volume and the resulting density-driven flow exchange with the
unsprayed volume as the cont.ainment cools due to the ef#ects of spray.

. . . _

In their application of the revised accident source term to the System 80+
containment spray system, the staff and ABB-CE deviated from the guidance
given in RG 1.4 and the review procedures provided in SRP Section 6.5.2. The

staff considered the removal of airborne fission-products in particulate form
by spray as a first-order differential of particulate concentration in the
containment atmosphere and the particulate removal coefficient is given in a
mathematical equation form in the SRP. ABB-CE augmented this equation by
incorporating diffusiophoretic deposition due to steam condensation on the

dispersed spray droplets. ThisagmentationisdonebyusingtheSWNAUA k
computer code (Ref. 2) which is a further modification of the NAUA-4 code
(Ref. 3) to include the effects of hygroscopicity on particle steam

!

condensation and removal by diffusiophoresis. g l
b-CE, however, stated that the effects or nygroscopicity have not applied to

'

the containment spray system performance evaluation for the System 80+ design.

In implementation of the revised accident source term for evolutionary I

reactor designs, the staff approached the removal of airborne fission-products |

in particulate form by spray in an entirely different way from that ABB-CE.
The staff developed a mechanistic and simplistic model that can be used to ,

estimate aerosol removal by sprays without the necessity of using detailed
4 systems codes such as NAUA-4 or CONTAIN. It is described in detail in

NUREG/CR-5966, "A Simplified Model of Aerosol Removal by Containment Sprays"

(June 1993). The staff developed its model using current knowledge of the
physical phenomena invo'1ved in spray performance (e.g., observed spray

perfonnance data). With this model, the staff conducted a quantitative
I uncertainty analysis of spray performance using a Monte Carlo method to
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Subjec : Review of Chapter 17 of System 80+ FSER

I have reviewed Chapter 17 of FSER and found no major errors. John
Pasquenza also reviewed Cha r 17.1 (QA) and found no errors.

e following specific changes are suggested because
he current wording could be interpreted incorrectly or is

misleading.

Page 17-2, Section 17.1.3, 1' paragraph, last 2 sentences:8

These sentences imply that ABB-CE accidently left certain RGs
in Table 1.8-1. The purpose of Table 1.8-1 was to address i

all RGs, including those that were superseded by RG 1.28. The f
last sentence is very negative and could be changed. Suggested
wording for these two sentences are:

-

,

"A review of the QA-related RGs are listed in Table 1.8-1.
All DSER issues have been closed and a more detailed
discussion follows:"

dPage 17-5, 2 line from top of page, last sentence: .I
IThis sentence is negative and suggests that the questions have

not been resolved. A better sentence is: "The Staff's
questions have been resolved and a discussion of the responses
follows:

i

. ' , _ .

-

t

~ ~ --_-...: _ _ - - j

.
.

. . ~.
.

|
'

. . .
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and further
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,

documented in the ABB-CENP System 80+ QA Plan,18386-QO-001. In particular,

ABB-CE design control proced'ures QPI 0304, " Design Analysis" and QPI 0306,

" Design Verification" have been deferred. These procedures govern the method-
ology to document design analyses and the performance of design verification
activities. The providers of engineering services (i.e., Stone and Webster
Engineering Corporation, Duke Engineering Services, Inc., and ABB-Impell)'to
ABB-CE have performed independent design verification on portions of their

design.

The design verification methods of QPI 0306 require verification of the
appropriateness of design assumptions, input data utilized, and correctness of
analysis methods by a qualified independent reviewer. Various options for
performing the independent design verification include: performance of design

reviews; use of alternate calculations to verify the design; or the conduct of
qualification tests (or a combination of the three methods). ABB-CE did have

a supervisor of the calculation preparer perform an engineering review for

overall reasonableness of the calculation. In addition, ABB-CE has performed

three integrated reviews of CESSAR-DC information for technical and editorial
consistency. ABB-CE plans to perform the complete independent design verifi-
cation at a later point in time, but prior to initial criticality.

The staff expectations during the course of the Chapter 17 QA review were that
ABB-CE would fully implement the provisions of the design control program as
described within ABB-CE Topical QA Report, CENPD-210A, revision 7A as commit-

'

ted to in CESSAR-DC. The QA Topical Report further commits to RG 1.28

(Rev. 3) and NQA-1 as the approach to implement timely independent design
verification to the degree that it is technically feasible to perform. The
staff acknowledges that there are technical bases for deferring the conduct of
portions of design verification such as when it is necessary to obtain as-
procured equipment characteristics, results from testi'ng of plant equipment, i

and results from plant as-built verifications.
1

While ABB-CE has not conducted the formal independent design verification to j
date, the staff has concluded that a level of reasonable assurance for the
integrity of the System 80+ design process has been'obtained through:

I

ABB-CE System 80+ FSER 17-8 February 1994 |
|

l
1



:

I

- An evaluation of the original "ABB-CE Operating Experience Review for Sys-
tem 80+ MMI Design" was completed using the HFE PRM criteria. Overall, the
ABB-CE operating experience review (0ER) was quite impressive and showed a
detailed review of many aspects of pertinent commercial nuclear power plant
experience, and the subsequent incorporation of appropriate design features
into the System 80+ design. Not all aspects of the HFE PRM were completely
addressed however, and so ABB-CE worked with the staff to address the identi-
fied concerns. ABB-CE performed additional reviews of areas of operating
experience resulting in, additional items being added to the HF issues tracking

cws %ebw 4
system for later incorporation into the design, at the appropriate time in the

-

design process. This additional work is discussed in a revised OER, which
also better describes how ABB-CE had already incorporated operating experience
into the System 80+ design. The revised ABB-CE OER meets the criteria in the

HFE PRM.

Functional Reouirements Analysis and Allocation

HFE PRM Element 3, " Function Requirements Analysis," and Element 4, Function

Allocation, specified that an analysis of functional requirements and a
structured and documented allocation of functions should be performed. ABB-CE
has stated that full analyses of functional requirements and function alloca-
tion are not necessary because the System 80+ design is an evolution of the
System 80 design that was previously reviewed and approved by the NRC and has

an operating history (Palo Verde Units 1, 2, and 3). In addition, ABB-CE has
- stated that both the ' definition and allocation of functions for the System 80+

are largely unchanged from its predecessor, the System 80. The reviewers
agreed, and the HFE PRM criteria were modified accordingly.

ABB-CE's " Human Factors Evaluation and Allocation of System 80+ Functions"

describes the critical functions and the success paths that are responsible
for satisfying the safety functions. Comparisons are 'made at a high level
between the System 80 and the System 80+ and differences are noted. The
ABB-CE document is a useful information source that describes the basic
structure of the System'80+ plant, the operator role that results from this

.
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Human-System Interface Desian

HFE PRM Element 6, Human-System Interface Design, specified that HFE princi-

ples and criteria should be applied along with other design requirements to
identify, select, and design the particular equipment to be operated /
maintained / controlled by plant personnel. Element 6 is concerned with design

methods, criteria used for making design decisions, interim products-(e.g.,
standard design features) and the final design. (HFE PRM Element 8 - Verifi-
cation and Validation will provide a detailed review of the final design.)

Review issues related to Element 6 were addressed in three major reviews, each

pertaining to separate phases of the HFE PRM Element 6 review: (1) standard
design features; (2) design methods and general characteristics; (3) human
factors engineering standards, guidelines, and bases (HFESGB). Each is i

briefly described below.
I

A ,],, jsStandard Design Features

The standard design features review provi is an evaluation of important
i

U elements of the Nuplex 80+ design, including six standardj design features and
the integrated process status overview (II'S0) . The focus of this review was
ontheacceptabilityofthesefeaturesasfdesign e as described in the
CESSAR-DCandotherdesignbasisdocumenfsandasrepresentedinthemockups
of the master control console (MCC) and IPSO. The specific objective of the
review was to determine the acceptability of the basic design features of the
System 80+ advanced control room as described in the CESSAR-DC and other

design basis documents on the basis of their consistency with established HF
standards, guidelines, and principles. Further, the control room design was

reviewed against the Supplement I to NUREG-0737 requirements for a safety

parameter display system (SPDS).

The seven design features addressed by this review were found to be consistent
with HFE design principles and guidelines. Further, the HSI design appeared

to adequately address SPDS criteria. In some cases specific concerns were
identified that could not be resolved at this stage of the HSI design. ABB-CE

ABB-CE System 80+ FSER 18-6 February 1994
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DSER issues are also addressed. These considerations were evaluated within the l
context of the main control room configuration, the presentation of informa-
tion on controls and displays, and the layout of panels. Specific attention ,

1

was given to the RCS panel and the remote shutdown panel. '

This review found the application of methods, design criteria, and general-
design characteristics to be acceptable. Specific concerns identified
included information presentation, panel layout, and configuration. ABB-Cr
provided responses and commitments via its HF issue tracking system to address
these concerns in later stages of the design process. The most significant of
ABB-CE's commitments were to provide more detailed descriptions of the human-
system interface to support the following:

Data entry tasks*

Blocking and tagging tasks via the data processing system (DPS) and the*

DIAS of instrumented and non-instrumented components

Operator established alarms -*

Component control system (CCS) operator module*

Many additional commitments were also made by ABB-CE as a result of the

staff's review.

HFE Standanis, Guidelines, and Bases -

The HFESGB review provides an evaluation of ABB-CE's HFE design criteria used
to identify, select, and design equipment to be operated / maintained /cantrolled
by plant personnel with respect to accepted HF guidance and practices. The

ABB-CE document primarily addressed by this review is " Human Factors Engineer-
ing Standards, Guidelines, and Bases for Nuplex 80+" (HFESGB). This review
addressed the following issues related to the design guidelines provided in

'

these documents: technical basis and validity, level of detail, guideline
integration, and procedure for implementation.

ABB-CE System 80+ FSER 18-8 February 1994
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Certified Desian Descriotion/insoections. Tests. Analyses, and Acceptance

friteria
.

The objective of this review was to evaluate the System 80+ main control room
~

ITAAC, remote shutdown room ITAAC, and control panels ITAAC against the
requirements of 10 CFR Part 52.47(a)(1)(vi). -

~ v

The staff concludes that the System 80+ design and implementation process for
HFE as described in the CDD and CESSAR-DC are acceptable. The Tier 2 comit-
ments described in the System 80+ CESSAR-DC and related (docketed) documents

provide methods and descriptions of the implementation of the Tier 1 require-
ments. ~ The determination that the plant has been constructed in accordance
with the design certification will require the use of the information con-
tained in both the Tier 1 and Tier 2 documents. The Tier 2 material contained
in the following System 80+ CESSAR-DC sections were used to support the safety
finding with regard to the design and implementation process:

4

Section 18.5, " Functional Task Analysis"*

Section 18.6, " Control Room Configuration" -*

Section 18.7, "Information Presentation and Panel Layout Evaluation"*

Section 18.8, " Control and Monitoring Outside the Main Control Room"*

Section 18.9, " Verification and Validation"*

Thus, as per SECY-92-287, any change to the above CESIAR-DC section comit-
ments by the COL applicant would invol' e an unreviewed safety question and,v

therefore, would require NRC review and approval prior to implementation. Any
requested change to the subject CESSAR-DC section commitments shall either be
specifically described in the COL application or submitted for license
amendment after COL issuance. |

Conclusions -

The staff has reviewed the HFE process described by ABB-CE in the CESSAR-DC
and CESSAR-DC-reference'd documents. Based on its review, the staff concludes

that the ABB-CE HFE program is acceptable and will result in acceptable HSI .

designs for the main control room, remote shutdown h and related
C00m

ABB-CE System 80+ FSER 18-11 February 1994
'



applicable HSIs. The basic design features of the System 80+ advanced control
room were reviewed and found consistent with HF standards, guidelines, and
principles, and acceptable for use in the control room. In addition, the

staff concludes that the design commitments and the HFE ITAA /DAC accuratelyg

I summarize the minimum HFE requirements for an acceptable desig and verifica-

tion / validation of the main control room and remote shutdown stem. All -
previously identified DSER issues have been adequately addres ed and are
resolved.
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Functional Requirements Analysis and Allocation*

Task Analysis*

Human-System Interface Design*

.

Plant and Emergency Operating Procedures*

Verification and Validation*

Certified Design Description / Inspections, Tests, Analyses, and Accep-*

tance Criteria

Section 18.11 provides a summary of the evaluation findings and overall ;

conclusions.

As a result of the staff's initial review of the CESSAR-DC, many outstanding
issues were identified and documented in the draft safety evaluation report
(DSER). One of the major issues to emerge from the initiaP review was that
detailed HSI infonnation concerning the final design was not available for
staff review as part of the design certification evaluation. ABB-CE's HSI ;

'

analysis and design efforts provided a list of standard design features
characterized at a general level (not a detailed specification) and a minimum
inventory of fixed safety-significant information and control requirements
derived from an analysis of the E0Gs and PRA. Evaluation of the standard

f features and the inventory are part of the certification review. However,
development of standard features is part of an ongoing design process that has

not reached the stage of@ed design descriptions) By themselves, the ;

descriptions of the standard design features d not provide a basis upon which
a safety determination can be made. N b''""c*ll"'A /g.6 d W

(s * ** t" Yroem

] In SECY-92-053, "Use of Design Acceptance Criteria During 10 CFR Part 52
Design Certification Reviews," the staff proposed the use of DAC as an
approach to the review'of the System 80+ design. This was due to the fact
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that detailed design information was unavailable for selected areas of rapidly
changing technology, including HF aspects of the control room and remote
shutdown station design. pg QQ

gpc e S<d
DAC are prescribed limits, parameters, procedures, and attributes upon which
the NRC relied to make a final safety determination to support design certifi-
cation. The DAC are measurable or testable and must be verified in order for
the staff to accept the final design. DAC delineates the process and require-
ments that a combined license (COL) applicant must implement during the

development of detailed design information for the control room and the remote
shutdown station. A number of conformance review points are specified to O N'' a>

po u 4s .y<<&.(

periodically assess the adequacy of the detailed design as it develops. ogfy,77ggc, f

Because the criteria for review of a design and implementation process was not /

clearly defined in current regulations and guidance documents, the staff
developed criteria as part of this review. The criteria that were developed
provided the basis to (1) assess whether the appropriate HFE elements are
included in the design and implementation process, (2) identify what materials
need to be reviewed for each element, (3) evaluate the proposed DAC/ITAAC to
be utilized by the staff to verify each of the review elements, and (4) assess
the adequacy of the DAC/ITAAC developed by ABB-CE.

The staff design certification evaluation is based partially on design
information and partially on an implementation process plan that describes the
HFE program elemer.ts ' required to develop the key features and inventory into
an acceptable detailed design specification. Along with the design and
implementation process, ABB-CE has provided the necessary DAC and ITAAC to

ensure that the design and implementation process is properly executed by the
COL applicant. ABB-CE has submitted a design implementation process for the
major design activities for the System 80+ HFE effort. The staff specified
that the design and implementation process will contain descriptions of all
required HF activities (elements) that are necessary and sufficient for the
development and implementation of the System 80+ HSI that'will protect the !

health and safety of the public.
:

!
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design certification. Specific issues were identified as requiring resolu-

|tion. The issues are identified in Table 18.1-1. The table indicates the
section in the FSER in which the DSER issue is addressed. |

|

18.1.2 Final Standard Safety Analysis Report Review
.

The primary sources of information used for the final review described in this
chapter were CESSAR-DC Chapter 18 and ABB-CE's responses to the DSER issues.

As the DSER issues were resolved, ABB-CE.provided much additional documenta-
'

tion addressing staff concerns. Much of this information was provided in'the
form of docketed technical plans and analysis reports. (A complete list of
the material relied on for preparation of the Final Safety Evaluation Report
(FSER) appears in each of the review sections presented below.) The staff's
review of these materials, as well as revisions to the CESSAR-DC, gave rise to
additional questions which were resolved through numerous public meetings and
documented telephone conversations between the staff and ABB-CE. The issues

raised and their resolution are described ~in detail in the sections below.

In addition to the evaluation of ABB-CE documentation, the design certifica-
tion review was supported by information obtained from onsite reviews
conducted using mockups of the System 80+ control room design and interviews
with operators of System 80 plants.

18.1.3 Development of Review Criteria

18.1.3.1 Objectives

Since all details of the final design were not available for review, certifi-

cation is based partially on the staff's approval of a design and implementa-
tion process plan. In order for a design and implementation process to result
in an acceptable design, it must contain (1) descripti~ons of all required HFE
program elements for the design and development and implementation of the
System 80+ HSI, and (2) DAC for the reviews under ITAAC

p i !

1

|
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their resolution can be found in FSER Sections 18.7 and 18.8, respectively.
To sumarize, ABB-CE has committed to include procedure development as COL

Action Item 13.5.1, Plant Operating Procedure (POP) Development Plan in
CESSAR-DC. ABB-CE will develop the technical information required to serve as
a basis for the detailed procedure development as part of the HFE process and
this information will be provided to the COL. This COL action item is found
to be acceptable.

With respect to impact on validation, ABB-CE included in CESSAR DC, a require-
ment in COL Action Item 13.5.1, POP Development Plan, for the COL to perform a
POP validation effort that demonstrates the acceptability of the completed
procedures. CESSAR-DC Section 18.9.3 Validation, was then modified to break

validation into two p,hases. Section 18.9.3.1, Design Validation, addresses
validation of the entire HSI without final procedures. CESSAR-DC Sec- 5 0

tion 18.9.3.2, Operating Ensemble Validation Plan, and4)FFpettion 6.3.4.4, f
Operating Ensemble Validation Activities, addresses the " final" validation of

the HSI after the final procedures have been completed. OpgagigEnsemble'

Validation requirements are addressed in CESSAR-DC Section 46-3-d.-2,, This /
validation, which will be performed by the COL, will provide assurance that
trained operators using final, plant-specific procedures in the as-built CR
form an effective operating ensemble. This two-phased validation approach and
associated COL action item are found to be acceptable.

Status: Resolved.

18.2.4 Findings

The ABB-CE HFPP and related sections of the CESSAR-DC acceptably address the

requirements of HFE PRM Element 1, " Human Factors Engineering Program Manage-
ment." While the HFPP did not include procedure development as part of its
technical program, ABB-CE has modified the CESSAR-DC to incorporate a COL
action item to address aspects of procedure development that were required by
the HFE PRM but not addressed in the ABB-CE's HF program. Thus, the criteria
of HFE PRM Element I ar'e acceptably met and this COL action item is found to

be acceptable.
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Reference 6 of CESSAR-DC Section 18.10, LD-92-102, System 80+ Human*

Factors Documentation Submittal," Attachment 1, "Nuplex 80+ Advanced
|p Control Complex Design Bases," (NPX80-IC-DP-790-01, Rev. 00, January 15,

y 1990), ABB-CE letter dated September 23, 1992.

O+ eference 3 of CESSAR-DC Section 18.10, LD-92-120, " Closure of System. 80+'

v Draft' Safety Evaluation Report Issues," Attached, " Operating Experience

yp Review for System 80+ MMI Design," (NPX80-IC-RR790-01, Rev. 00), ABB-CE

SP letter dated December 18, 1992.
7

/M L/ _7-
,

Reference 7 of CESSAR-DC Section 18.&, D-92-12 , " Closure of System 80 '
*.s

draft Safety Evaluation Report Issues," Attach 3 " Human Factors Program
for the System 80+ Standard Plant Design," (NPX80-IC-DP790-01,

Rev. 01, December 8,1992)gBB-CE letter dated December 18, 1992.'
?_

braft Safety Evaluation Report Issues,"los e of*

lI
ttachme@" Control Complex Information System Bases for Nuplex 80+"

(NPX80-IC-DB791-01, January 15,1993),/ fbi-CE letter dated January 18,
3,

-

- - ,

NRC Internal Memorandum, Request for HICB Review of System 80+ Design*

Features - I & C, June 16, 1993.

NRC Internal Memorandum, Request for HICB Review of System 80+ Design*

Features - I & C, June 23, 1993.

Nuclear Management and Resources Council (1991). " Guidelines for Industry*

Actions to Assess Shutdown Management" (NUMARC 92-106). Washington, D.C.

Nuclear Safety Analysis Center (1981). " Verification and Validation for*

Safety Parameter Display Systems" (NSAC-39). Palo Alto, CA.

Public meeting minutes from September 10 and 11,1992.*

Public meeting minutes from April 19 through 21, 1993. i*
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|

local control stations, and |
*

review of System 80 experience. I*

|

The staff had noted that the OER should review some of the more recent
documents on local control stations developed in the review of the HF generic
issue on local control stations, and those noted in paragraph 18.4.2.5 below.
A list of seven pertinent local control station documents was provided to
ABB-CE by the staff, who reviewed them and documented the review in Appendix C

ofthyre Some items were identified where design guidancevas Mex4/ k/
dieYdf$yisedOER.r the System 80+. These issues were entered into the'HFE tracking

system. Further, the ABB-CE OER design resolutions-appeared to somewhat
narrowly exclude local control stations and the remote shutdown panel from
their scope (see paragraph 18.4.2.2 below for specifics.) The revised OER has
modified the design resolution section of these items to include local control
stations within their scope. The review of System 80 experience will be
discussed under other topics below.

Status: Resolved.

18.3.3.2.2 Analysis Results Report

criterion: The analysis of operating experience shall be conducted in
accordance with the plan and the findings shall be documented in an evaluation

'

report. 1

Evaluation: The OER is the evaluation report for this element of the HFE PRM.
This report contains the objectives, methods, results, conclusions, and
recommendations / implications for HSI design of the OER as required by the HFE

PRM.

'Section 3 of the ABB-CE OER contains the detailed resdits of the OER analysis.
,

|There are a considerable number of HF/HSI issues addressed. Based on a review

of the initial OER, the OER was modified by ABB-CE. The following modifi- !

cations are particular1' noteworthy:y

1
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In CESSAR-DC Amendment Q (i.e., revised OER and CESSAR-DC Appendix A, " Closure

of Unresolved and Generic Safety Issues"), ABB-CE indicated that the Sys-
tem 80+ CR has dedicated alarms to inform the operators when a valve has
opened, providing unambiguous, direct indication of an open or partially open
safety or relief valve. This information is acceptable and, therefore, GSI
Issues I.D.3 and II.K.1.5 are resolved. -

DSER Issue 20.2-28: GSI Issue II.K.l.10 (Review and Modify Procedures for

Removina Safety-Related Systems from Service)

Issue II.K 1.10 in NUREG-0933 addresses the need to improve procedures. By
letter dated November 24, 1992 (Reference 2 of CESSAR-DC Section 18.10, LD-92-

115), ABB-CE indicated that this issue is not within the scope of design
certification and will be a COL action item as noted in CESSAR-DC Sec-
tion 13.5.2, " Administrative Control Procedures." This COL action item is
found to be acceptable.

DSER Issue 20.2-29: Nine Human Factors-Related GSIs

1. GSI Issue HF1.3.4.c (Man-Machine Interface (MMI) - Operational Aids): By
letter dated December 18,1992 (Reference 3 of CESSAR-DC Section 18.10,

LD-92-120), ABB-CE provided information regarding this issue. ABB-CE
indicated that the System 80+ MMI employs operator aids primarily to
process data prior to presentation to the CR operators. The aids are
integrated into the presentation hierarchy through application programs of
the DPS and the discrete indication and alarm system (DIAS). The follow-

leha l
ing operator aids are provided as part of the System 80+ MMI (with the
corresponding CESSAR-DC sections indicated):

Signal reduction and validation - 18.7.1.4 and 18.7.3.2.1.6.*

Integrated Process Status Overview - 18.7.1.2.*
<

Alarm handling - 18.7.1.5 af+18.'.2M*

Critical function monitoring - 8.2 and 7.7.1.10.+

Success path monito' ring - 18.7.1.8.2.*

Core limit monitoring - 7.7.1.8.1.*

Computer aided surveillance testing - 7.7.1.8.2.M.*

|
l
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8. GSI Issue HF1.3.4.a (Man-Machine Interface - Control Stations): By letter

dated December 18,1992 (Reference 3 of CESSAR-DC Section 18.10, LD-92-

120) and CESSAR-DC Appendix A, ABB-CE provided information regarding this
issue. ABB-CE indicated that all System 80+ local control stations are
designed in accordance with the criteria in the System 80+ human factors
engineering standards, guidelines, and bases. Further, ABB-CE noted that
local control stations required to perform the System 80+ emergency
operations guidelines are designed using task analysis and HF V&V. The

staff finds this information acceptable and, therefore, this issue is
resolved.

N,y aPM EdNk"*j l
9. GSI Issue HF1.3.4.b (Annunciators): ABB-CE describ s the System 80+

annunciator design in CESSAR-DC Sections 18.7.{ "-Marm-PM40sopb ," and;
,

18.7.1.5, " Alarm Characteristics." In CESSAR-DC Section 18.7.1.5, ABB-CE

indicates that priority 1, 2, and 3 alarms are processed and displayed
independently through both the discrete indication and alarm system (DIAS)
and the DPS. The staff reviewed the relevant design documentation and
conducted an onsite evaluation of the mockup of the DIAS and DPS, includ-
ing the annunciator alarm system. A discussion of the ~ staff's onsite
evaluation is provided in Section 18.6.1.2.1 of the FSER. Results of the
staff's review of the System 80+ alarm system relevant to issue HF1.3.4.b
are provided below.

One characteristic of the DPS is as follows: The DPS display hierarchy
provides access to displays incorporating system / component status, process
parameters, and annunciator status / acknowledgement. ABB-CE demonstrated

available portions of the DPS display hierarchy on the mockup, including
display navigation paths based on plant CSFs and plant segments and the
representation of process parameters and system / component status via DPS
displays. Also demonstrated were the incorporation of alarm status represen-
tations into these displays and the alarm acknowledgement capability. The
incorporation of the alarms into the plant displays provides the capability to
access alarm condition information and then acknowledge alarms from any DPS
CRT in the CR. This ch'aracteristic provides flexibility to control room
operations. IEC 964 (1.4-1) states, "An alarm shall be annunciated in the CR
section where the operator has the necessary means for initiating corrective
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18.4.5.1 ABB-CE Documentation

L

The.following ABB-CE document was reviewed:

Reference 7 of CESSAR-DC Section 18.4, LD-93-056, " System 80+ Human*

| Factors Engineering," Attached, " Human Factors Evaluation and Allocation

j of System 80+ Functions" (NPX-IC-RR790-02), Rev. 01, March 15,1993),
ABB-CE letter dated March 26, 1993.

The following documents were consulted as a part of this evaluation:

September 10 and 11 1992, public meeting minutes, dated October 21,*

/1992. p

[
Reference 7 of CESSAR-DC Section 18.4, 036 " System 80+ Human*

Factors Engineering Issue Closeout," Attached, " Human Factors Evaluation
and Allocation of System 80+ Functions" (NPX-IC-RR790-02, Rev. 00,

^

February 23,1993gB8-CEletterdatedMarch4,19W{
' y

18.4.5.2 DSER Review ]
'l

18.4.5.2.1 DSER Issues
|

The staff's initial review of the this element concluded that ABB-CE had not )
confirmed that trade-off studies have been conducted to determine adequate |

configurations of personnel and system-performed functions. DSER Issue 18.6,

" Function Allocation," was identified. At the September 10 and 11, 1992,
public meeting, ABB-CE agreed to address the DSER issue in the document,
" Human Factors Evaluation and Allocation of System 80+ Functions" by:

(a) describing the baseline system, its function allocation, and the changes
and additions to function allocation for the new system,

(b) confiming that tr'adeoff studies or other means have been used to deter-

| mine adequate configurations of personnel and system performed functions,

ABB-CE System 80+ FSER 18-74 February 1994
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Reference 3 of CESSAR-DC Section 18.10, LD-92-120, " Closure of System 80+*

Draft Safety Evaluation Report Issues," Attached, " Human Factors Program

Plan for the System 80+ Standard Plant Design" (NPX80-IC-Df 90-01,

f Rev. 01, December 15,1992), ABB-CE letter dated December) , 1992.

Letter from T.V. Wambach (NRC) to ABB-CE, "Public Heeting September 10*

and 11, 1992, Regarding Human Factors Engineering (HFE) Design Issues,"

(Docket No. 52-002).

Public meeting minutes from September 10 and 11, 1992.*

Rasmussen, J. (1986). Information processing and human-machine interac-*

tion: An approach to cognitive engineering. New York: Elsevier Science

(North-Holland).

Time Response Design Criteria for Safety-Related Operator Action,*

American National Standards Institute, ANSI /ANS 58.8.

18.5.3 Evaluation of Element 5 - Task Analysis -

The following review is organized in three major sections:

Section 18.5.3.1 - Task Analysis Scope.*

Section 18.5.3.2 - Task Analysis Methodology.*

Section 18.5.3.3 - Issues Deferred from Element 4.*
y

1

In the staff's initial review, DSER Issue 18.7 was defined. It provided
criteria for defining the behavioral requirements of the tasks that-personnel
are required to perform to achieve the functions allocated to them. At the
September 10 and 11, 1992, public meeting, ABB-CE agreed to update its task
analysis methodology and incorporate the following modifications into Sec-
tion 18.5 of CESSAR-DC:'
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Note, response to this DSER issue also addresses HFE PRM Element 5 Criter-

ion 3, which requires that detailed task descriptions address staffing
requirements including the number of personnel, their technical specialty, and
specific skills.

Evaluation: ABB-CE defines staffing requirements including number of person-
nel and their technical specialties in Sections 18.3.2 and 18.6.2.2 of
CESSAR-DC. ABB-CE's SSARFTA ensures that the HSI supports the operator's
input and output requirements and that individual task elements are within
human response capabilities. Coordination of activities between crew members
is addressed by verification. Together, task analysis and verification
adequately address these DSER and HFE PRM issues.

Status: Resolved.

Item i

Criterion: Provide commitment to address the following issues:
-

maintenance work order tracking and tag out scheme for CR instruments and*

equipment identified via CRT and flat panel displays

an account of how operators will track the status of equipment undere

test, surveillance, or repair

impact of tracking scheme / system on normal, abnormal, and emergency*

operations

These items are addressed below.

I.1 Maintenance work order tracking and tag out scheme-for CR instruments and
equipment identified via CRT and flat panel displays.

ph,w(?-|0
Evaluatiori. In Reference 7 of CESSAR-DC, LD-93-005, ABB-CE provided the

i

following justification: '?
|

I
I
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Tasks relating to maintenance work order tracking and tagout are not
in the task analysis (both old and revised methods) because these
tasks will not be performed in the controlling workspace and have no
impact on the control room HSI design. A separate facility to
support maintenance work tag-out is provided adjacent to the main
control room in the System 80+ design.

This justification was found to be acceptable.

Status: Resolved.

I.2 An account of how operators will track the status of equipment under
test, surveillance, or repair.

Evaluation: ABB-CE's response indicated that equipment status data will be
inputted and maintained by personnel other than the operators. The operators
will monitor the status of plant components and success paths through the DPS
displays and the success path monitoring capabilities. The HSI characteris-
tics for inputting this data was addressed by the Element 6veview of HSI
design methods and general characteristics. ABB-CE provided a commitment to
describe in greater detail the HSI for inputting these data.

Status: Resolved.

I.3 Impact of tracking scheme / system on normal, abnormal, and emergency |

operations.
|

|

Evaluation: ABB-CE's response indicated that the entry of and maintenance of
status information will be performed by personnel other than the operators and }
the impact of unavailable components on safety and non-safety success paths <

will be determined by the DPS success path monitoring algorithms and indicated
with alarms. In addition, CESSAR-DC Section 18,M!-indicates that unavailable
statusofplantcomponentswillbeindicate/otheoperatorthroughvarioust

'

/b9./,&-h
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i

i

Evaluation: Although the SSARFTA was not considered to be highly iterative by
nature, it was acceptable with respect to the detailed requirements it
provided for HSI elements: device type, measurement units, and value range,
accuracy, and precision.

!

1

Status: Resolved.

18.5.3.3 Issues Deferred from Element 4 !

The following is a review of HFE PRM criteria from Element 4 that were
deferred until Element 5 - Task Analysis. !

|

t
HFE PRM Element 4: Criteria 2. 3. & 5. |

|

Unchanged functions (Criterion 2) and modified functions (Criterion 3) shall |
be analyzed in terms of resulting human performance requirements. The results I
of analyses and trade-off studies shall support the adequate configurations of
personnel and system-performed functions (Criterion 5). ABB-CE was requested !

to describe how these issues will be addressed. - i

!

Evaluation: ABB-CE indicated (TA review issue A.1) that the necessary uses of
new and modified functions (i.e., rapid depressurization, hydrogen ignitors,
alternate generator, startup feedwater system) are specified in the procedure !

guidelines and operating sequences employed in the task analysis. ABB-CE
stated further:

[The analytic scope of the TA [SSARFTA] will exercise the new and

l' modified functions, extend the specified details of the operators'
!

role from the function to the task level, identify human task |
/ performance requirements, and assess the resulting task loadings.

3

Excessive loadings will result in further evaluation and formal
resolution of the resulting allocation and design issues.9 m

q<td ('T
k St tus: Resolved. *

!
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10. Qualitative and quantitative criteria that identify when the
operator is receiving "enough" rather than "too many" or "too few"
number of alarms and displays

11. Auditable documentation to track the data /information that was
lost / gained between System 80 and System 80+ control room designs

12. Effects (positive and negative) on operators performance of the
changes, individually and collectively, between System 80 and
System 80+.

The sub-issues and sub-items of Issue 18.8 were individually evaluated and
resolved during relevant phases of the Element 6 review. Table 18.6-1
provides a cross reference between the DSER sub-issues /sub-items and the
sections of the FSER where they are addressed.

|

18.6.1 Standard Design Features

The following is a review of important elements of the System 80+ design
including six standard design features and the IPSO. A complete list of
characteristics for each standard feature is provided in CESSAR-DC Sec-
tion 18.7.1. Also discussed are DSER issues related-to the HSI. Further, the I

CR design is reviewed against the staff's criteria for a SPDS. I

18.6.1.1 Objectives'

The objective of this review was to determine the acceptability of the basic
design features of the System 80+ advanced CR on the basis of their consisten-

cy with established human factors standards, guidelines, and principles. The
focus of this review was on the acceptability of these' features as design

pphsdescribedintheCESSAR-DCandotherdesignbasisdocumentsand
'

as re] resented in the mockups of the MCC and IPSO.
A

6 {e m n $^5

.
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Reference ~ of CESSAR-DC Section 18.10, LD-92-065, " System 80+ Supple-*

I Responses," Attachmentk, "Nuplex 80+ Verification Analysis/ p ments to

Report" (NPX80-TE790-01, Rev. 02, December 1989), ABB-CE letter dateds

May 8, 1992.

! * Reference 6 of CESSAR-DC Section 18.10, LD-92-102, " System 80+ Human
| Factors Documentation Submittal," Attachment 1 "Nuplex 80+ Advanced

Control Complex Design Bases" (NPX-IC-DP-790-01, Rev. 00, January 15,
1990), ABB-CE letter dated September 23, 1992.

Reference 1 of CESSAR-DC Section 18.10, LD-92-076, " System 80+ Shutdown*

Risk Report, Revision 1," attached " System 80+ Shutdown Risk Evaluation

Report" (DCTR 10, Draft, June 15,1992), ABB-CE letter dated June 16,
1992.

18.6.1.2.3 Design Criteria Documents

The following materials were consulted as part of thi evaluation:
[g(! Sb -

Reference' ' 6f CESSAR-DC Sectio " Human Factors Engineering
*

.,

f Standard Guidelines, and Bases System 80+" (NPX80-IC-DR-791-02,
Rev. 00, September 15,1993).

Advanced Human-System Interface Design Review Guideline, Draft NUREG/*

CR-5908.

A Status Report Regarding Industry Implementation of Safety Parameter*

Display Systems, NUREG-1342.
j
l

Closure of Issues from the Draft Safety Evaluation Report (DSER) for*

System 80+, Docket No. 52-002, Letter from B.A.'Boger (NRC) to
,

D.M. Crutchfield (NRC), June 14, 1993.
!

Compilation of Alarm System Guidelines and Evaluation of Their Applica-*

bility to Hybrid and Advanced Control Rooms, Draft NUREG/CR-6105,
October 1991.
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CCS switch configurat' ion*

* IPS0

The first six features are standard in the sense that their basic design will
be applied to various panels in the CR. Associated with each standard feature
was a set of design characteristics, which were described in Reference 10 of
CESSAR-DC Section 18.10, ALWR-92-203. In addition, the IPS0 was included in
this review. The main control room configuration (MCRC) was not evaluated
because the design of the individual panels that comprise it was incomplete.

This review focused on the design basis of the design features and their
associated design characteristics. In addition, a limited review of design
implementation details was conducted for selected parts of the RCS panel and
the chemical and volume control (CVCS) panel.

The ABB-CE mockup of the CR was used in this review. This mockup consisted of
selected panels of the MCC in a static representation as well as portions of
the RCS and CVCS panels in a dynamic stimulated HSI mockup.- This mockup was
not driven by a plant simulation. In addition, a static representation of the
IPS0 was presented via a rear projection display device.

'

The RCS panel is divided into three functional groups: reactor coolant pumps
en W f-

(RCPs) on the left, the RCS 4n the-eenter, and the reactor coolant seal and
bleed system $ the rYgE. Only the functional group for the A Nr- portion
of the panel, the RCS portion, was mocked up. Regarding the design features
themselves, the DIAS multiple parameter display, the CCS process controller
display, and the CCS component controls were not functional on the RCS panel
and were observed and operated on the CVCS panel. Additionally, a limited set
of the CRT screens of the DPS were designed and not all features of the DIAS
displays were fully operational on the mockup. Further, the portions of the
design that were completed, have been reviewed by ABB-CE, but findings not yet-
implemented on the mockup were due to cost, time, and higher priorities.
Thus, discrepancies with ABB-CE's, " Human Factors Engineering Standards,
guidelines, and Bases for System 80+" (HFESGB, Reference 1 of CESSAR-DC Sec-

tion 18.6), guidelines were still present in the mockup.
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addresses the operator's need to maintain awareness of significant changes in
plant conditions and the implications of these changes to plant safety and
operating goals. The basic concept of the DPS display hierarchy was found to
adequately support this need. Final acceptance of the DPS display hierarchy
will depend upon the final design implementation. ABB-CE has provided a set
of 11 design characteristics associated with the DPS display hierarchy. -

Additional characteristics may also be considered in the post-certification
review of the final design. A review of the 11 characteristics identified by
ABB-CE is provided below.

18.6.1.3.1.1.1 Review of DPS Display Hierarchy - Design Characteristics

An initial review of the 11 characteristics associated with the DPS display
hierarchy found the following characteristics to be acceptable - 1, 4, 5, 6,
9, and 10 - based on their support of the operator's need to access and
process infonnation regarding plant conditions. Characteristic 1 addressed
the fact that the DPS display hierarchy provides access to the total set of

plant data, as opposed to the subset p"rovig by the DIAS. Plant data is
.organTi'ed in the DIS @ ding To SFs and cr1tical success y ths @ W
presented in display pages using graphical display formats such as schematic

k diagrams and bar charts. The display pages are organized in a three-levelo

c/ hierarchy with increasing levels of detail to support operator information
o needs for monitoring, control, and diagnosis. Each display page provides a
O menu window to support navigation through the display hierarchy (characteris-

tic 4).

Characteristics 5 and 6 addressed the fact that alarms may be acknowledged

from the relevant DPS screens and that all DPS screens can be accessed from
any DPS CRT in the CR. After an alarm has been acknowledged, a message

describing the alarm condition appears in the spatially-dedicated area
(characteristic 4). These characteristics support the operator's tasks by
providing necessary information when it is needed. The DPS display units can
be read at the control panel (characteristic 9). Greater viewing distances
are not necessary becau'e the full set of DPS displays can be accessed froms
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isolation devices. TheDIAS-PprocessingunitsanddisplayJare p
poweredfromtheisolatedClassIE, battery-backed,hC'andyinstrument f )
buses. The DPS is powered from non-safety-related, battery-backed

computer buses. The category 2 variables are displayed 'g-N and
'

DPS with power supplies from the hety instrument bu'sgand [ |

computer bus, respectively. Sgtharebatterybacked. The instrument.g
channels are powered from they' and,k instrumentation bus. -The redun- h
dant information systems conform to the guidelines for the physical
independence of electrical systems in RG 1.75.

The staff is reasonably assured that the information systems important to
safety conform to the requirements of GDC 13 for monitoring systems and
variables over their anticipated range for normal operation, for antici-
pated operational occurrences, and for accident conditions. Further,
conformance to GDC 13 and the applicable guidelines satisfies the require-
ments of GDC 19 with respect to information systems provided in the
control room from which actions can be taken to operate the unit safely
under normal conditions and to maintain it in a safe condition under
accident conditions. -

Status: Resolved.

18.6.1.3.1.1.2 Review of DPS Display Hierarchy - Design Implementation

Selected portions of'the DPS were reviewed using HFE guidelines and current
design practice (subject to the detailed implementation limitations 'escribed
above).

The following issues were identified.

'Issue 1: DPS response time. ~

During the onsite evaluation, the time required by the DPS to respond to j
inputs was at times exc'essive. ABB-CE was requested to clarify the intended
response time for the System 80+ and identify any response time differences
between the design goal and the actual _ performance of the mockup. |

.
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The staff evaluated the plant process display instrumentation and has found
the instrumentation to be acceptable. The staff's evaluation is presented in
Section 7.5.2 of the DSER. The open items in Section 7.5 of the DSER have
been resolved.

Status: Resolved.

Characteristic 12: Alarms are presented in one of four alarm states: new,

existing, cleared, and reset.

Evaluation: The use of four alarm states is consistent with Guideline 3.2.2-1
of draft NUREG/CR-6105, which states that the annunciation sequence for each
alarm should uniquely indicate: incoming alarms, acknowlegged plarms, and

h cleared alarms. The use of coding schemes (flashing, bNghtk and audible
V tones) to designate these alarm states are generally consistent with the

DM'+j following guidelines from draft NUREG/CR-6105:

Y
h * 3.2.2-1 (flashing, audible, and other visual coding).e

2 $* 3.2.2-2 (audible and other visual coding) -

g/ #;.1 3.2.2-3 (audible coding)
4

*

3.2.2-4 (flashing and color coding)*

- The specific flash rates used in the implementation of codes for alarm state
N are a concern. ABB-CE indicated that new alarms would have a 1-second flash

cycle with a 50-percent ON duty cycle (i.e., ON for 0.5 seconds and then OFF I

for 0.5 seconds) and the cleared alarms would have a 2-second cycle with a ;

25-percent ON duty cycle (i.e., ON for 0.5 seconds and then OFF for 1.5 sec- )
onds). The resulting flash rates for new and cleared alarms are 1 and 0.5 Hz, ;

respectively. These flash rates are slower than the flash rates recommended
,

by Guideline 1.3.10-13 of draft NUREG/CR-5908, which states, "A flash rate in i

the range of 2 to 5 Hz, with a minimum duty cycle (On' interval) of 50 percent
should be used." These flash rates are also slower than Guideline 2.3.3.3 of |

ABB-CE's HFESGB, which indicates that when two flash rates are used the higher
priority state shall be between 3 and 5 Hz and the lower priority state shall
be between 1 to 2 Hz. ABB-CE stated that it will implement flash rates that
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Post-accident monitoring instrumentation (PAMI) indication*

RG 1.97, " Instrumentation for LWR Nuclear Power Plants to Assess Plant and*

Environs During and Following Accident"

Evaluation: An effective method of supporting rapid comprehension of plant
status is the use of spatially-dedicated, continuously-presented plant
displays for key plant parameters. The CSFs, success path performance,
RG 1.97/PAMI are key parameters that are related to safety. Due to their
importance to plant safety they are acceptable parameters for the. DIAS
dedicated parameter displays. This is consistent with Guideline 1.1-22 of
draft NUREG/CR-5908, which states, " Dedicated displays should be available to
provide continuous indications of a minimum set of parameters necessary to
assess the safety status of the plant."

The NRC HICB was requested to review this concern further. The staff evaluat-
ed the plant process display instrumentation and found the instrumentation to
be acceptable. The staff's evaluation is presented in Section 7.5.2 of the
DSER. The open items in Section 7.5 of the DSER have been resolved.

-

Status: Resolved.

Characteristic 12: DIAS dedicated parameter displays are diverse and indepen-
dent of the DPS display system.

|
|

Evaluation: HICB was requested to review the above characteristic. The staff ;

stated: i

The DPS is physically separated and independent of both DIAS channels.
Independent Class IE power busses are provided for each redundant i

'

Category I sensor instrument channel, up to and including the channel
|

isolation devices. TheDIAS-Pprocessingunitsanddisplaysare
powered from the isolated Class IE, battery-backed, y and p instrument
busses. The DPS is powered from non-safety-related, battery-backed
computer busses. The Category 2 variables are displayed on DIAS-N and |

DPS with power supplies from the non safety-relatsii~ini~rument busses
'

f
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and computer bus, respectively. Both are battery backed. The ,instru-

ff mentchannelsarepoweredfromthehandkinstrumentationbus.. The

redundant information systems conform to the guidelines [NRC staff [
guidance] for the physical independence of electrical system in
RG 1.75.

Status: Resolved.

18.6.1.3.1.3.2 Review of Dedicated Parameter Display - Design Implementation

Selected DIAS dedicated parameter displays were examined and evaluated against
HF guidance and current design practices. The following are issues that were
identified.

Issue: Resolution of trend displays.

The vertical resolution of trend displays such as pressurizer pressure and
level is quite small and may not be adequate for monitoring purposes. The
normal operations band is narrow and the operator may have difficulty deter-
mining whether the current value is trending toward a limit. Discussions with
ABB-CE during the onsite evaluation indicated that the range of the scales are
not adjustable (i.e., operators cannot change the limits of the display such
that a desired range of the scale is shown with greater resolution). ABB-CE
was requested to describe its position regarding adjustable trend displays and
any implications to other DIAS capabilities, such as the automatic range
change features of the dedicated parameter displays.

Evaluation: During the onsite review, ABB-CE described its position regarding
this display. ABB-CE stated that it is not intended that the DIAS displays be
used to determine if values are trending towards limits. The DIAS control
bands are only provided to be a reference point for where the normal operating
range is. ABB-CE further explained that this display presents trends with the
same resolution as the strip chart recorder that it replaces. These displays
are provided to present ~ continuously visible status histories for selected
parameters that are controlled automatically. If the operator requires trends
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Evaluation: HICB was requested to review the above characteristic. The staff
stated:

The DPS is physically separated and independe".c of both DIAS channels.
Independent Class IE power busses are provided for each redundant
Category I sensor instrument channel, up to and including the channel .

isolat' ion devices. TheDIAS-Pprocessingunitsandgisplasare
powered from the isolated Class IE, battery-backed,pand instrument

busses. The DPS is powered from non-safety-related, battery-backed
computer busses. The Category 2 variable are displayed on DIAS-N and '

DPS with power supplies from the hfety-related instrument busses
and computer bus, respectively. Both are battery backed. The instru-

A b
ment channels are powered from the )f( and y instrumentation bus. The
redundant information systems conform to the guidelines for the

~

physical independence of electrical system in RG 1.75.

Status: Resolved.

18.6.1.3.1.4.2 Review of DIAS Multiple Parameter Display - tesign Implemen-

tation

Selected DIAS multiple parameter displays were examined and evaluated against

HF guidance and current design practices. The following are issues that were
identified.

1

Issue: RCS flow indication.

The onsite review indicated that the parameter RCS flow is not available on
|the DPS or DIAS. The CSF walkthroughs indicated that this is a valuable

parameter. ABB-CE is requested to state its position regarding the inclusion
of RCS flow indications in the DIAS.

Evaluation: ABB-CE stated:
4

The Function and Task Analysis shows no use of RCS flow, RCP differen-

tial pressure, SG differential pressure, or core differential pressure
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the control panels. The following control modes were examined: master
control level (e.g., RCS inventory), subloop level (e.g., charging), and
component level (e.g., valve).

The CCS process controller display is an input device that combines the
controllers for physically dissimilar but functionally-related systems into a
single device that permits manual or automatic control at a number of differ-
ent hierarchical levels (master, subloop, and component). This concept
generally supports operator monitoring and control activities by organizing
controls and displays by functional relationships and task requirements rather
than by the physical relationships of plant equipment.

18.6.1.3.1.5.1 Review of the CCS Process Controller Display - Design Charac-
teristics

An initial review of the 9 characteristics (see Section 18.7.1 of CESSAR-DC,)
associated with the CCS process controller display found the following
characteristics to be acceptable: 1, 3, 5, 6, 7, and 8.

_

Characteristic 6 addresses the HF concern that in traditional CRs operators
must adjust and monitor numerous controllers that together achieve a higher-
level control goal. For example, a set of separate, hardwired controls may be
physically separated on the control panel by the type of plant system that is
to be controlled (e.g., fluid system controllers may be separated from
electrical system controllers). The CCS process controller display combines
control interfaces for a variety of plant component / systems into a single
interface. For example, controls for pressurizer heaters and spray are

fcombined into a single controller. Characteristic A addresses the fact that

master _ control, subloop control, and component conk {rol.,herator inputs atthe CCS process controller provides the operator wi h tgree levelgf egtrg
these levels include selection of manual or automatic ~ control modes, selection
of control signals for loop control, and selection of loop control set points.
This configuration reduces the operator workload associated with monitoring
and adjusting a dispers5d set of controls.

.

;
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ABB-CE stated that this is a prototype implementation issue that will be
corrected by design review. The scale zero value will be marked to make it
more salient.

Status: Resolved.
.

Issue 2: ~ Deviation bar chart - normal control band.

Evaluation: The normal operating range is indicated by a vertical band along
the scale. This band is thin and not highly salient. This makes comparison
of the bar to the normal range difficult. This is a problem with the pressur-
izer pressure control resident on the RCS panel. ABB-CE stated that the CCS
process controllers will not be implemented using that display unit but

.

instead with the same type of display unit as the pressurizer level control of
the CVCS panel. The deviation bar charts of the pressurizer level controller
were found to be acceptable. ggg71-hs & [u/by '

y/fd k" e ddC /f-
, f

,ig er -he 4 j kSSStatus: Resolved.

9
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Issue 3: Deviation bar art - scale resolution.

Evaluation: The dev tion bar charts for charging and letdown have scale
demarcations in uni s of 10, with a range of -20 to +20, while the actual

3

values are presen) d with a resolution of a single unit (e.g., 0.01m / min
(3 gpm). This appear's to conflict with guidelines that state that the

fe scale should match the resolution requirements of the user'sresolution o
'information reges a fairly deliberate action. Simply sliding one's finger,

across the creen should not activate a touch area.

ABB-CE stated that if an accidental activation did occur, the consequences
would be no worse than if the component actuation were' due to a single failure
or push button switch misoperation (e.g., loss of electrical power). Addi-
tionally, ABB-CE stated that when specifically required by fluid system
design, provisions to preclude inadvertent component actuation are provided in !

the CCS (e.g., component breaker rackout, administrative controls).
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ABB-CE stated that it is not its policy to provide confirmatory messages for
the CCS process controller displays because these messages do not effectively
prevent errors of intent and the consequences of erroneous input are not
imediate and severe.

Status: Resolved. .

18.6.1.3.1.6 CCS Switch Configuration

The onsite review examined the CCS switch configuration for the CVCS makeup

system on the CVCS panel. In addition, non-functioning mockups of the
switches were observed at the RCS panel for control of reactor coolant pumps
and backup pressurizer heaters. The switches consisted of physical push
buttons with backlit legends that indicated operating status. Color coding
was used to indicate status (e.g., red = active, green = inactive). In

addition to status conditions, the component discrepancy state was examined.
A component discrepancy occurs when the demanded state of a component
(demanded by remote, automatic control action) is different from the actual
state of the component. This condition was indicated by the @ curref %i

green backlit portio [f the switc Oflashing of th red as ,

The CCS switches are spatially-dedicated, functionally-grouped input devices
that allow the operator to provide discrete control inputs (as opposed to
control set points for automatic controllers as with the CCS process control-
1er). This conceptual design generally supported operator requirements for
controlling components and monitoring component status. The design and
placement of the switches was found to be acceptable based on consistency with
HFE guidelines for coding, spatial dedication and functional grouping and on
functional similarity to other existing control panel switches.. The accept-
ability of specific characteristics of the switches are reviewed in the
sections below.
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The following parameters, identified in NUREG-1342 as important SPDS parame-

ters, were either not present or not fully implemented on the IPS0 mockup.
These parameters are listed below according to the safety functions used by
NUREG-1342:

Reactivity control*
-

Source range-

Reactor coolant system integrity A jusf,6 edian fo r* a "" '7
Steam generator pressure $ce p as mo 6e cE g/..dr-

Containment sump level p., , ,o u A E G - 1 3 t/ 2. w , g ro s ./,/.-

3 1,< (w uc S V pnss e s w c- r
Radioactivity control % , ~ l @% A l'a bo f*-

Effluent stack radiation pe<-we' fen f 4e *M l.-

Steamline radiation 6e 6c IY-(Pr-

7

- Containment radiation

Containment Conditions*

Containment pressure-
-

Containment isolation status-

Evaluation: In the April 19 through 21, 1993, meeting minutes, the NRC staff
stated that this issue can be acceptably resolved by ABB-CE's commitment to
incorporate these parameters, plus containment hydrogen concentration, into
the IFSO display and to enu e this comitment into its open issue tracking
system. ABB-CE agreed to include these parameters and entered Item 62 into
the TOI te record its comitment.

Status: Resolved.

Issue 2: Trend indication symbols for key parameters.-

Evaluation: The IPS0 display includes arrows beside the digital values of key
parameters to indicate the direction of change. This concept is consistent
with Guidelir.e 1.3.5-6, Direction of Change in Digital Display, of draft
NUREG/CR-59J8.
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stated that adequate overlap would be provided between the reactor vessel
level and the refueling level instruments. Alarms related to these instru-
ments are also not yet complete.

Thus, ABB-CE has taken appropriate actions to address the low-power and
shutdown area, given the current stage of the System 80+ design, and continues

to give this important area attention. It is anticipated that those areas
that have not yet been designed will receive the similar attention by ABB-CE
as the design process proceeds.

18.6.1.3.2.3 System 80 Experience

The third area examined for RCS-related OER items was the System 80 operator

interviews. A number of items were selected from these interviews to review.
These are summarized below, along with the status of the ABB-CE design in each

Subsequent to the onsite reviews, ABB-CE provided a formal response toarea.
the System 80 operator interviews (Ref. 4.of CESSAR-DC Section 18.10,

LD-93-135).
-

1. Tracking of heat up and cool down rates - ABB-CE has developed a proof of
principle DPS screen to aid the operators in tracking these rates, but
further work is needed. It will be finalized during the design process.
An example of one area needing improvement is the cooldown rate, which as

currently pt ovided, is only based on a one-hour time frame. In addition
to this ore-hour-based rate, the operators need a rate that is based on a
much shorter time interval for control purposes. ABB-CE stated that
consideration would be given to that during the design process.

2. Operator decision aids to assist in initial post-trip actions - ABB-CE is
considering such an aid but has not yet developed it. Item 41 has been

entered into the TOI system to address this issue.

If3. Exploration of automation of RCP seal isolation - ABB-CE has entered
I

Itemgin the TOI to record its commitment to evaluate the need for this
j

and other operator decision aids. <
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the proximity of the alarm setpoint to a significant operator action condi-
tion. Alarms are organized into three levels of priority with priority I
being the last warning prior to a significant operator action condition,
priority 2 being the next to last warning, and priority 3 being any number of
warnings prior to the next to last warning. The alarm priority scheme
including six categories of significant operator actions were reviewed as part
of the review of design methods and general characteristics and found to be
acceptable. Alarm priority is represented by the following shape codes:
priority 1 - an illuminated box, priority 2 - an illuminated frame, and
priority 3 - illuminated brackets (four corners of the frame).

Alarm statejas four levels (new, existing, cleared, and reset) that are coded eovam e vdtile-brightbHi? -
These are applied to the shape (e.g.j g/ b and flash rate.

drame, or brackets) surrounding the alarm tile. New alarms have the brtghtest

shape and flash,with4 50/50 on-off cycle. Existing alarms have an intermedi-

ate level o -brIi thess and do not flash. Cleared alarms have the lowest
e.wSyiu

[, 1evel of br ghtness and flash with a 25/75 on-off cycle. Reset alarms have no

illumination.;

1
-

% ABB-CE described a design process in which various design concepts for the
ABB-CEPh \ alarm tiles were generated, subjectively evaluated, and modified.

described informal experimentation and subjective evaluation of variouse p
M galternatives for the alarm coding scheme. No formal process for collection

While the information9 g and analysis of empir' cal data was presented by ABB-CE.t

M[ coding schemes are consistent with general HF guidance for information coding,
9
S concerns were identified regarding the specific coding values that were

implemented in the design. ABB-CE entered Items 74, 75, 76, and 78 into the
TOI system to record its comitment to address these concerns.

1

While individual dimensions of the alarm coding scheme may be consistent with

HF guidelines, the effectiveness of the overall alarm' coding scheme, including
the integration of shape, flash, and tr ght$eds codes remains largely
untested. ABB-CE entered Item 77 into the TOI to record its commitment to'

i

evaluate the effectiveness of the alarm system through verification and
validation activities when the system is fully implemented. In addition,
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ABB-CE entered Item 101 into the TOI to record its commitment to evaluate the
alarm system using a prototype of the DIAS alarm tile prior to verification
and validation.

Based on these commitments from ABB-CE, it was recommended that DSER

Issue 18.8.1.1 be closed. .

Status: Resolved.

18.6.1.3.3.2 DSER Issue 18.8.1.3 - Flash Coding of Alarms

As a result of the meeting of September 10 and 11,1992, ABB-CE committed to
provide a rationale for the alarm flash duty cycle that is 50/50 on-off for
new alarms and 25/75 on-off for cleared alarms. This rationale was to include
a justification for inconsistency with NASA 3000, " NASA Man-Systems Integra-
tion Standards," (1989) which states " Flashing lights shall have approximately
equal amounts of ON and 0FF time."

Evaluation: The alarm system uses flashing as a coding scheme to draw
attention to those changes in alarm states that require an acknowledgement
from the operator (i.e., new and cleared alarms). Because multiple alarn.
conditions are associated with each alarm tile, the flash rate was cor. figured
to allow more than one alarm state to be conveyed. For example, the coding

shape for a new alarm is visible during the ON portion of its duty cycle and
the coding shape for 'an existing alarm may be visible during the OFF portion
of the new alarm's duty cycle. ABB-CE stated that the alarm system employs
different flash rates for new and cleared alarms to compensate for the
possibility that the flash rates for new and existing alarms may drift and
overlap. If overlap did occur the new alarm would not be masked by the
cleared alarn; the new alarm would be visible because it has a longer ON cycle-

than thgcjegred alarm. ABB-CE further stated that flash coding is redundant j

withArJghtness-coding and that similar duty cycles are used for new and ' g>
cleared alarms in traditional CRs that have tile annunciators. r#

.r.

fg4The rationale for the flash rates is satisfactory. However, because the j
'

effectiveness of the overall alarm coding scheme, including the integration of
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18.6.2.2.2 Material Reviewed

The following ABB-CE documents were referenced in this review:

Reference 11 of CESSAR-DC Section 18.10, LD-92-065, " System 80+ Supple-*

ments to RAI Responses," Attachment 1 (untitled), attached response to
RAI No. 620.2, ABB-CE letter dated May 8,1992.

Reference 6 of CESSAR-DC Section 18.10, LD-92-102, " System 80+ Human*

Factors Documentation Submittal," Attachment 1, "Nuplex 80+ Advanced

Control Complex Design Bases" (NPX80-IC-DP-790-01, Rev. 00, January 15,

1990), ABB-CE letter dated September 23, 1992.

Reference 3 of CESSAR-DC Section 18.10, LD-92-120, " Closure of System 80+*

Draft Safety Evaluation Report Issues," Attachment (untitled), attached
response to DSER Item 20.2-29," ABB-CE letter dated December 18, 1992.

Reference 7 of CESSAR-DC Section 18.10, LD-93-005, " Closure of System 80+*

Draft Safety Evaluation Report Issues," Attachment 5, * Chapter 18 DSER
Open Item Responses," ABB-CE letter dated January 18, 1993.

Reference 12 of CESSAR-DC Section 18.10, LD-93-135, " System 80+ Informa-*

tion for Issue Closure," Attachment 6, Sub-Attachment 1, " Comments from

Draft TER (July 14,1993) on Nuplex 80+ HSI Justification of ABB-CE
Positions Requested for Closure of HSI Issues," ABB-CE letter dated
September 1, 1993.

|

Reference 13 of CESSAR-DC Section 18.10, LD-93-147, " System 80+ Informa-*

tion for Issue Closure," Attachment 1, " Response to Cross-Branch Chap- |

ter 19 Questions (October 4,1991)," ABB-CE letter dated October 18,
1993. -

.

1

[F W
Referencegof CESSAR-DC Section 18.JP, " Human Factors Engineering Stan- [ I*

dards, Guidelines,'and Bases for System 80+," (NPX80-IC-DR-791-02, }
Rev. 00), September 15,1993).
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Design Issues Related to Control Room Configuration Design

The following issues are relevant to criterion 1 as well as other criteria of
HFE PRM Element 6. ABB-CE's responses to these issues are discussed. The
full text of ABB-CE's responses may be found in Reference 14 of CESSAR-DC
Section 18.10, LD-93-135. - .

1. Issue: Section 18.6.6.1 of CESSAR-DC'st~ates a minimum CR ventilation rate
'of 0.42 cubic m (15 cubic ft) of air per minute. NUREG-0700 states a
minimum of 0.42 cubic m (15 cubic ft) per minute per room occupant. Since
a supervisor may be frequently present in the CR, in addition to two
operators, the minimum ventilation value stated by ABB-CE appears to be
too low. ABB-CE was requested to address this apparent discrepancy.

n - ,
.,

.

Evaluation: In its response, ABB-CE stated that Guideline 7.3.1 of HFESGB

correctly cites the NUREG-0700 guideline regarding ventilation, ar.d that
Section 18.6.6.1 of CESSAR-DC wiP c modified rm to NUREG-07 [

/* d; fo4% As w//f &k"Status: Resolved. -
.

ve i
ppsssf gMde |kn . I

2. Issue: Section 18.6.6.1 of CESSAR-DC states that background noise levels
will be in accordance with HFESGB, which states a maximum background noise

level of 65 db(A) and a reverberation time of one second or less. This
section also states that workstation lighting will be in accordance with |

HFESGB, which sta'tes detailed illumination criteria. ABB-CE was requested
to specify how the environmental conditions of the CR will be evaluated.
Will they be verified by ABB-CE in an ABB-CE facility or will this he a i

COL responsibility? What tools and methodology will be used for t6
'

evaluation. i

|: -

Evaluation: ABB-CE stated that workspace (e.g., CR) e~nvironmental conditions |

will be evaluated through survey and measurement of the actual as-built
facilities per applicable criteria from the HFESGB. This is part of the
suitability inspection specified in the HF V&V plan, which in turn is part of
the verification of suitability required by the HFPP and ITAAC items for the
MCR and remote shutdown panel. Verification of environmental conditions is

ABB-CE System 80+ FSER 18-201 February 1994



thus a COL applicant responsibility. Selection of personnel to perform the
activity will be at COL applicant discretion. ABB-CE further stated that
while the measurement (i.e., acceptance) criteria need to be specified, it is
not necessary to specify measurement tools at this time.

Status: Resolved. -

3. Issue: Section 18.6.5.6.1.2 of CESSAR-DC states that the MCC is visible
from a central location at either the auxiliary console (AC) or safety
console (SC). However, from Figure 18.6.5-8, it appears that only a
portion of the plant monitoring and control panel, and none of the RCS and
CVCS panels are visible from the AC and SC. ABB-CE was requested to
clarify its statement including a discussion of the possible effects of
impaired visibility of the MCC. ABB-CE was also asked to address the
apparent discrepancy between these visibility limitations and the design
requirement for large digital readouts on the DIAS displays.

Evaluation: ABB-CE stated that visibility of the MCC area from the AC and SC
panels is provided to facilitate operator communication and~ coordination, not
for direct monitoring or reading activities, and is therefore acceptable. In

addition, the CRT displays on the AC and SC panels provide access to all
information available at the MCC. IPS0 provides plant overview information
that can be read throughout the CR. DIAS digital displays are designed to be
read across the MCC (e.g., read RCS panel DIAS displays while standing at the
turbine panel), not across the CR. ABB-CE(asagreedtJrevisevCESSAR-DC'
Section 18.6.5.6.1 to clarify the statements that refer to visi aility.

1 ,

Status: Resolved.

I

4. Issue: Section 18.6.5.6.1.4 of CESSAR-DC states, that unobstructed visual
access exists to the MCC from the CR supervisor (CRS) and shift supervisor.
(SS) offices. However, from Figure 18.6.5-9, it appears that the RCS |

panel is not visible from the shift supervisor's office. ABB-CE was

requested to address this apparent contradiction.
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Evaluation: ABB-CE stated that visibility of the MCC area from the CRS and SS

offices is provided for general observation. It is not intended to support ,t -
#direct personnel supervision or plant monitoring. ABB-CE Q7evised

Y '

CESSAR-DC Section 18.6.5.6.1 to clarify the terminology and related subordi-

nate statements. (See also Issue 3 of Section 18.6.2.3.2.2.)
.

Status: Resolved.

5. Issue: Section 18.3.2 of the CESSAR-DC discusses CR staffing and the

design bases for the CR configuration. Section 18.6.1 defines the various
terms used in describing the control room configuration, such as " control-
ling workspace," and " control room." 10 CFR Part 50 uses the terms "at
the controls" and " control room." RG 1.114 provides guidance in detail as
to what is meant by and necessary for these areas. One example is the
need for an unobstructed view of controls, displays and alarms "at the
controls." ABB-CE has not used the same terms and has not provided a
comitment to RG 1.114, thus making it unclear as to their comitment to
the detailed guidance and requirements of the RG and 10 CFR Part 50.
ABB-CE was requested to provide such a comitment or alfernatively
describe clearly their method to be used in place of the RG. ABB-CE was

also requested to provide one of their CR figures that clearly demarcates
the pertinent areas,

i

Evaluation: ABB-CE stated: j

The design of the Nuplex 80+ control room will accomodate the COL |

applicant's meeting of the requirements of 10 CFR 50.54(k) and (m),
and RG 1.114. However, RG 1.114 presents behavioral and adminis-

trative requirements on COL applicant operators, rather than design
requirements; thus it does not form the basis for a coherent comit-
ment by ABB-CE. Compliance with these issues, as RG 1.114 states, are J

COL applicant responsibilities, f

L .

| Nonetheless, the Nuplex 80+ philosophy and design are cognizant of and

f consistent with the general intent of RG 1.114, i.e., to keep
,
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Section 18.7.1.1.g of CESSAR-DC indigates thaj-pos+t4 ens &on-4. Issue:'

4nstrumantad velves r e entered by proc ~4dfra $nto the DPS. ABB-CE was
y /

requested to describe the human-computer interface that will be used for
entering data including data entry screens, methods of interaction,
provisions that will be made to reduce input errors, and provisions that
will be made to ensure that entered values are kept current. -

Evaluation: ABB-CE stated that a controlled-access interface for data entry
(i.e., a keyboard) has been functionally specified. The interface will be
located on the CRS console and in MCR office (s). An item has been entered in
ABB-CE's HF issue tracking system (Item 95) to ensure treatment of this
human-computer interface in subsequent design and V&V activities.

Status: Resolved.

5. Issue: Section 18.7.1.1.4 of CESSAR-DC describes the assignment of
alarms nto categories (e.g., priorit'ies 1 to 3 plus a fourth category
called operator aids). This assignment is based on the proximity of the
alarm setpoint to the significant operator action conditions. The
following isstee were identified.

a. The meaning of the term "significant operator action" should be defined.
This definition should include the implications for automatic system
actuations. For example, if a condition will result in the activation of
an automatic protection system (e.g., safety injection or reactor trip)
no operator action may be required. In this case is the alarm considered
to be high priority?

Evaluation: ABB-CE stated, "Significant Operator Actions are those judged to
be necessary to prevent specific undesirable consequences; these will often be

. redundant with automatic (i.e., protective) actions (for defense in depth).
Alarms are not associated with automatic actions, per se."

1
'

Status: Resolved.

|

|

|
l

ABB-CE System 80+ FSER 18-208 February 1994 |

.__ __



d. ABB-CE indicated that additional rules may have to be added before the
alarm categorization is complete. ABB-CE was requested to document these
rules in their design documentation and to keep these records current.

Evaluation: ABB-CE stated that any added or revised rules will be incorpor-
ated in the alarm system design documentation.

Status: Resolved.

6. Issue: Section 18.7.1.1.7 of CESSAR-DC specifies that the IPS0 shall be
readable from the shift supervisor's office. ABB-CE was requested to
identify the criterion that will be applied for legibility of the IPS0

from the shift supervisor's office.

f Evaluation: ABB-CE stated the criterion of 15 minutes of arc (M0A) for
minimum character height found in Section 18.7.1.1.7 of CESSAR-DC was outdatedj

E
.

and(will b} revised to indicate a minimum height of 12 M0A for any specified
reading distance. This will make CESSAR-DC consistent with HFESGB Section

2.2.3.2.b. Letter heights on the IPS0 (5 cm (2.1 in.)) at the specified
reading distance from the SS office (approximately 12m (40 ft)) yield a
proximal character height of 15 MOA. Since these values are ultimately based
on the position of the reader with respect to the display, and since there are
no tasks outside the controlling workspace that preclude viewers from adjust-
ing their position for a better view of IPSO, ABB-CE considered the present
character sizes to be' acceptable.

The acceptability of ABB-CE's legibility criterion of 12 M0A, rather than a
value of 15 M0A as specified by NUREG-0700 or 16 MOA as specified by
ANSI-HFS-100, was addressed by the HFESGB review. ABB-CE's rationale for

using 12 H0A as a robust criterion for legibility was not found to be fully
supported by HF literature. However, it was acknowledged that actual viewing !

distances may be less than design assumptions stated in HFESGB. ABB-CE agreed l

to include Item 102 in its HF issue tracking system to ensure that legibility
be further evaluated under conditions that are representative of anticipated |

|
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work conditions. The character height of 5 cm (2.1 in.) for the IPS0 was
found acceptable on the basis that it resulted in a visual angle of 15 M0A,
not 12 M0A, when viewed from the SS office.

Status: Resolved.

.

7. Issue: Section 18.7.1.1.7 of CESSAR-DC states that a DPS CRT located on

an adjacent panel may be used by the operator tolypport monitor {
tasks. CESSAR-DC,AmendmentgtatedthatdataonCRTsissizedfor (
readability assuming the largest CR panel size. In CESSAR-DC Amendment

N, that sentence was omitted. ABB-CE was requested to describe the
degree of legibility (e.g., only alarm symbols versus all text) required
of CRTs on adjacent panels to support operator task requirements. ABB-CE
was also requested to describe how the DPS screens will be designed
(including design criteria for character heights) to address these
viewing requirements.

Evaluation: ABB-CE stated:
-

Although DPS screens do not normally need to be read from adjacent

panels, the specified DPS screen character size (4 mm (.175 in.))
yields a proximal character height of 12 M0A at the specified
reading distance (127 cm (50 in.)). This value is sufficient
between panel centers, and is reasonably robust to off-angle viewing

(see basis for HFESGB Section 2.2.3.2.b). The 12 MOA value also

meets the criterion of NUREG-0700 Section 6.7.2.2.b(1) for character
size on CRT displays.

Verification of legibility of CRTs from adjacent panels is addressed by HF l
issue tracking Item 102.

Status: Resolved.
:

8. Issue: Section 18'7.1.6.2 of CESSAR-DC discusses various mechanisms for.

controlling and indicating components and systems. Items addressed

include: control location, engineering safety features actuation system
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[ physical] covers is not necessary or anticipated. The equivalent !

treatment for process controllers has not yet been determined, i

Input of not-instrumented component status information is intrin-
sically an administrative control issue. On the other hand, how
control blocking will be implemented in the CCS is a design issue
and has yet to be addressed. ABB-CE acknowledges this to be an -

important set of issues; their detailed treatment has been entered
as TOI Item 96 for future treatment.

Status: Resolved.

11. Issue: A review of the design documents and the HSI mockup indicates the
apparent lack of a systamatic approach for determining the degree of

precision with which data are presented, whether in digjtal or graphic
form, to the operator via the HSI. Section 18.S.1.Sgof CESSAR-DC
states that parametric requirements for display and control variables
will be defined in terms of device type, range, accuracy, and units as
part of the FTA methodology. While accuracy of data is an important
requirement, it is a separate concern from the precisfon with which data
is presented to the operator (e.g., the number of significant digits in
digital displays, the number of intervals on scale displays). Specific
examples of the lack of clearly defined display precision requirements
were observed during the design features review with respect to the
scaling on bar charts and other indicators. The ABB-CE HFESGB document

*provides general criteria for scaling but this is insufficient for
determining the precision requirements for specific parameters. ABB-CE
was requested to define a systematic process by which precision require-
ments will be defined for displayed values.

Evaluation: ABB-CE agreed to enhance the guidance for specifvino precision
-

that is contained in the HFESGB Section 2.4.3. ABB-CE agreed to modify modidied!

Section 18.S.1.S.3 - Information and Control Requirements o SSAR-DC to

.
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1s a time history plot of the most recent data over a specified
short duration (e.g., 30 min). The purpose of a trend display is to
explicitly present a timeserial view of the parameter's recent and
ongoing changes. This supports extraction of higher order informa-
tion (i.e., first anal second derivatives), observation of process |

characteristics, and the extrapolation and prediction of future .

proce'ss values. Trend data is retained during display, not
retrieved prior to display. TOI database entry 91 has been made to
ensure that the HSI for the HDSR is provided and designed in accor-
dance with HFPP requirements, and that the HDSR parameters to be
stored and the data / display resolutions are defined.

*

Status: Resolved.

Y b
9. Issue: Sections 18.7.3.2.3gand 18.7.1.5kof CESSAR-DC d scribe {

priority 2 operator established alams. Two concerns exis : alarm
establishment and alarm presentation. Section @.7.3.2.3.jp briefly

'

describes the process by which the operator may establish new alarms,
which includes accessing a database and entering new alarm setpoints.
ABB-CE was requested to describe the interface to be used to perform this
task including displays to be accessed and input devices used to supply
setpoints and applicable alarm messages. With respect to the representa-
tion of operator established alarms, ABB-CE was requested to describe
measures that will be taken to ensure that operator established alarms
are not confused'with each other or with standard plant-generated alarms.
In addition, ABB-CE was requested to describe constraints on the number
of parameters and the number of setpoints per parameter for operator
established alarms and how operator established alarms will be managed

across shift turnovers.
...

Evaluation: ABB-CE indicated that the operator-estab'lished alarms have a
dedicated alarm tile on each panel and each operator established alarm has a
separate alarm message. However, the design details of the interface for

i

!

ABB-CE System 80+ FSER 18-227 February 1994
1

.



|
1

operator established alarms are not yet completed. Item 87 has been entered
into ABB-CE's HF issue tracking system to ensure that the identifie.d concerns j

are addressed.

Status: Resolved.
.

10. Issue': Section 18.7.3.2.3.5 of CESSAR-DC states that priority 3 alarms i

are only available on the DPS and individual alarm tiles are not required
for these conditions. Other sections of CESSAR-DC and the onsite review
have demonstrated the use of priority 3 alarms on the DIAS alarm tile
display. A88-CE was requested to clarify this apparent contradiction.

Evaluation: ABB-CE stated:

Priority 3 parameters that do not degrade to priority 2 or 1 condi-
I tions are processed and displayed only by the DPS. DPS performs

! processing and display of all alarms and operator aids. CESSAR-DC
Section 18.7.3.2.3.5 clarified with regards to the DIAS

/c alarm system. The final RCS panel design will be modified to
incorporate the System 80+ standard features and conventionsy

N described in other sections of CESSAR-DC.

Status: Resolved.

11. Issue: Section 18.7.3.6 of CESSAR-DC states that an operator aid alarm
tile is provided in the lower-right corner of the DIAS alarm tile
display. Several issues are described below,

a. Figures 18.7.3-39 apparently identifies this as a tile for operator
established alarms, not an operator aid. Section 18.7.1.5.5 states that
operator aids are only presented on the DPS. Is this tile actually an

operator established alarm tile?
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Evaluation: ABB-CE stated that this tile is actually an operator established
alarm tile. Operator aids are only presented on the CRTs, as stated in
CESSAR-DC Section 18.7.3.2.3.6.

Status: Resolved.
.

b. Hpw many operator established alarm tiles will be provided per DIAS alarm
tile display and per panel of the MCC7

.
. --

Evaluation: ABB-CE stated that only one operator established alarm tile per l

panel will be provided. AF? C aded u.e- CESSAR-DC Section 18.7.3.2.3.4
wtM-be revised to clarify this.

_.
I

w<s

Status: Resolved.

c. How many plant parameters may be associated with a single operator .

established alarm tile? -

Evaluation: ABB-CE stated that this is a design detail andis addressed by
Item 87 of its HF issue tracking system as described in Issue 9 of this
section.

Status: Resolved.

d. How may setpoints may be associated with a single parameter of an
operator-established alarm tile?

Evaluation: ABB-CE stated that this is a design detail and is addressed by
Item 87 of its HF issue tracking system as described in Issue 9 of this
section.

.
.

Status: Resolved.

12. Issue: Section 1817.1.S.5 of CESSAR-DC describes operator aids, as
information that is helpful to the operator for plant control, but lower
in priority than priority 3 alarms. Operator aid information will be
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presented on the DPS CRTs using an ". . . orange underline of the text of
the information it applies to. The operator aid information flashes when
unacknowledged and then may be acknowledged by the operator; however,
there is no reset state." The following concerns were identified.

a. The content and appearance of the operator aid should be described in
greater detail. For example, where will the text reside (e.g, in the
message window?, in the main part of the screen?).

Evaluation: ABB-CE stated that the operator aid text will reside in the
message window on the lower part of the CRT screen. ABB-CE has entered
item 100 into its HF issue tracking system to ensure that it will provides an
operator aid illustration in the future following further implementation of
operator aids in the prototype.

Status: Resolved.

b. The coding scheme, which was an orange underline, appears to conflict

with Section 18.7.1.1.2 of CESSAR-DC which states that the color white
will be used for operator aids and orange will be used for operator
established (alarm) information,

wor

Evaluation: ABB-CE stated that an orange underline is used fo operator aids.

f( ABB-CE also stated that CESSAR-DC Section 18.7.1.1.2. will corrected to
say " operator aids" instead of " operator established information."

Status: Resolved.

13. Issue: Apparent inconsistencies were noted within the DPS with respect
to abbreviations. For example, the DPS display, " Inventory Control (CFM)

D iai 2," shown in Figure 18.7.1-6 of CESSAR-DC provides a poke area
labeled "PZR PRES" for quick access to a supporting diagnostic page.
However, the corresponding designator of_the PRI menu page shown in the

Figure 18.7.1.5 of'CESSAR-DC is labeled "PZR PRESS". Other apparent

inconsistencies were noted with the use of the abbreviations SI and SIS
within the IPS0 display and the rest of DPS display hierarchy. These

,
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The message tile monitor shown on Figure 18.7.4 3 for the feed-
-

4. Issue:'

water and condensate system is not described. Is this ac ually a DIAS
alarm tile display?

| Evaluation: ABB-CE stated that the message tile monitor shown on Fig-
ure 18.7.4.3 was actually a DIAS alarm tile display that was incorrectly
labelled.

! Status: Resolved.
i

5. Issue: Section 18.7.4.5 of CESSAR-DC states that the CCS module of the
safety monitoring panel provides access to all CCS controls and indica-
tions. (This capability is also stated for the remote shutdown panel.)
The number of controls that may be accessed through the module may be
large and impose high demands on the operator for control access and
status monitoring. ABB-CE is requested to describe this module in
greater detail along with provisions for facilitating control access and
status monitoring.

-

Evaluation: ABB-CE stated that the design for the operator's module is not
complete. ABB-CE has entered Item 97 into its HF issue tracking system to i

ensure that the demands on the operator for control access and status monitor-
ing are addressed during suitability analysis.

Status: Resolved.

6. Issue: Section 18.7.4.14 of CESSAR-DC describes the control room
supervisor's (CRS) console. The following issues were identified. |

|

|The method by which work space requirements were identified is not
i

*

'described. ABB-CE was requested to describe the basis for the proposed
'

design.

r

Two potential benefits of including two DPS terminals in the CRS console*

j are to compensate for the absence of dedicated (DIAS) indications and to )

| allow rapid cross-checks to be made between different DPS display pages.
I
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demonstrated criteria that support the achievement of human task perfor-
mance requirements. Criteria can be based upon test results, demonstrated j

'experience, and trade studies of identified options.

.1
Evaluation: Sections 18.7.2.4 and 18.8 2 of CESSAR-DC state that the remote
shutdown panel design uses the same panel profile as the main control console.
It also uses the-same criteria for human engineering and for information
display and control allocation as the MCR. A review of criteria for selection
and design of HSI hardware and software approaches are addressed in the review
of MCR.

Status: Resolved.
i

4. Criterion: HFE PRM General Criterion 7 states that the HFE standards
shall be employed in HSI selection and design. Staffing assumptions for
the remote shutdown panel and the local control stations are important
considerations for the application of these criteria. ABB-CE was
requested to describe its staffing assumptions for the remote shutdown
panel and the local control stations. -

Evaluation: ABB-CE stated that staffing assumptions for the remote shutdown
panel and the local control stations will be provided on a task-specific basis
via FTA, consistent with the 10 CFR 50.54 and RG 1.114 staffing requirements.

Status: Resolved.

5. Criterion: HFE PRM General Criterion 9 states that HFE shall be applied
to the design of equipment and software for maintainability, testing, and
inspection. In particular, the following are not clearly described:
(1) provisions for maintenance at locations in the plant such as local
control stations; and (2) provisions for in-service, surveillance testing
in the remote shutdown panel, local control stations, and other locations
in the plant.

.

\

|

1
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success path applications. However, the fact that dedicated tiles |

are not provided does not mean that the alarms are not available.

All alarms are available on the DPS at the RSP. L g/ i

N 2 #

flo '.? ~7Ms N |c coas m,ved av 0 USSal *O' )'

] $ (4s-/Ac/ 45 4 /a t" [sStatus: Resolved. h h,d c

*N ' " Qhje he pse%sy .

3. Issue: Table 18.8-2 of CESSAR-DC states that the RSP will use a single
,

RCP trouble alann tile instead of the 16 RCP dedicated alarm tiles and j'
the two seal / bleed alarm tiles that are provided on the RCS panel in the ,

MCR. This appears to conflict with good design practice for alarms as ;

reflected in EPRI NP-36S9, " Human Factors Guide for Nuclear Power Plant

Control Room Development," which states, "Use of shared, or so-called

" trouble" annunciator tiles should be minimized" and NUREG-0700 which
states, " Annunciators with inputs from more than one plant parameter set
point should be avoided." ABB-CE was requested to describe its rationale
in greater detail. What are the implications for operator workload for
processing alarms? How will this affect the operator's ability to
rapidly determine the state of the RCPs when multiple alarm states have
been tripped? What provisions have been made to ensure that the many

alarm states associated with the RCPs will not interfere with the
operator's ability to access other alarm information from the DIAS alarm
tile display, including when using the alarm list displays.

Evaluation: ABB-CE stated: 1

The Nuplex 80+ tile reduction philosophy acknowledges the paradox
between the benefits of spatial dedication and the hazards of
information overload in conventional control room alarm displays.

Nuplex 80+ uses prioritization, functional organization, and digital
technology to make alarm handling more manageable. Dedicated tiles
now provide organizing and directing functions, but alarm infonna-
tion is provided through more flexible and dynamic messaging fea-
tures. Lowest priority alarms are segregated from the high priority
dedicated tiles. Guidance document caveats regarding multiple alarm

inputs to single tiles are not applicable to the Nuplex 80+ imple-
mentation. These guidelines are concerned with the effort required ]
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to resolve the ambiguity of the alarm's source on conventional
tiles. This not an issue for DIAS because it provides individual
messages.

ABB-CE subsequently agreed to address alarm system concerns through additional
testing using prototypes of the DIAS alarm tile display system. Item 101.was

entered into ABB-CE's HF issue tracking system to provide a commitment to
conduct this testing. Sub-Item g of Item 101 addresses concerns related to
the use of multiple alarms and the ability of operators to access alarm

e
information.

' "' j* ("')# 'Y bg.),,; qf,s'1;bk /8 7-7 vsS re w '

Status: Resolved.

18.6.2.4 Findings

This review addressed:

The methods for implementing the display and control requirements,*

selecting hardware and software, and refining of desigri concepts

Design criteria used to determine CR and control panel arrangements*

including the overall configuration of the main control console and the
position of individual control / display devices within individual panels

General design characteristics that were incorporated into the HSI*

These considerations were evaluated within the context of the MCR configura-
tion, the presentation of information on controls and displays, and the layout
of panels. Specific attention was given to the RCS panel and the remote
shutdown panel.

This review found the application of methods, design criteria, and general
design characteristics to be acceptable. Specific concerns identified
included infonnation prssentation, panel layout, and configuration. ABB-CE

provided responses and commitments via its HF issue tracking system to address

|
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with ABB-CE and subsequently resolved through clarification, modification, or
inclusion in ABB-CE's HF TOI with a commitment to address the issue more fully

at a later stage in the design process. v

18.6.3.2.2 Material Reviewed
kV

The following ABB-CE documents were referenced in this review: M e
89

Reference 3 of CESSAR-DC Section 18.7, LD-92-065, " System 80+ Supplementsa

to RAI Responses," Attachment 4, "Nuplex 80+ Verification Analysis 4
Report" (NPX80-TE790-01, Rev. 02h cember 1989), ABB-CE letter dated 0

'May 8, 1992. .

Reference 7 of CESSAR-DC Section 18.10, LD-93-005, " Closure ofMem su+ /hb!'S* AD
Draft Safety Evaluation Report Issues," Attachment 5, " Chapter 18, DSER

/

Open Item Response," ABB-CE letter dated January 18, 1993. /aphj

Reference 4 of CESSAR-DC Section 18.10, LD-93-135, " System 80+ Informa-*

tion for Issue Closure," Attachment 1, "ABB-CE Response to System 80

Operating Experience Issues Based Upon Interviews with System 80 Opera-
tors," ABB-CE letter dated September 1, 1993.

[
ReferenceE of CESSAR-DC Section 18.10, LD-93-140, " System 80+ Informa-*

tion for Issue Closure," Attachment 5, "SSAR-DC Markups for V&V and

Procedures," ABB'-CE letter dated September 24, 1993.

& Y l i

Reference l' of CESSAR-DC Section 18.A, " Human Factors Engineering Stan- p*

dards, Guidelines, and Bases for System 80+," (NPX80-IC-DR-791-02, lj

Rev. 00, September 15,1993).

Reference 3 of CESSAR-DC Section 18.4, " Human Factors Engineering Verifi-*

cation and Validation Plan for Nuplex 80+," (NPX80-IC-VP790-03, Rev. 00, i

September 24,1993).
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two or three depending on the context. For example, identification of symbols I

for active and inactive components require discrimination of the colors red
and ' green while identification of labels for dynamic data and RG 1.97 Category
1 data requires discrimination of the colors cyan and purple. This is
consistent with draft NUREG/CR-5908 Guideline 1.3.8-9, Minimum Color Differ-
ences, which states that at least 7 to 10 simultaneous colors may be discrimi-
nated if 'they are significantly different.

..

- -. . .,
,

While the coding scheme was generally consistent with HF guidelines, the -

following issues were identified. -

- :
_

a. In the table of Reference 7 of CESSAR-DC Section 18.10, LD-93-005, ABB-CE

identifies three. alam states (e.g., unacknowledged, acknowledged, reset)
corresponding to three intensities of yellow (e.g., bright,
saturated / dull, and dark). These three alann states conflict with those
provided in design description documentation - unacknowledged, acknowl- |

edged, cleared. ABB-CE was requested to clarify this discrepancy.
|

ABB-CE's response in Reference 14 of CESSAR-DC Section 18.10, LD-93-135

provides revised terminology for both the alarm states and the intensity
levels. The four alarm states are identified as: new, existing, cleared, and
reset. Reset is the null state (i.e., no alarm) and is null coded - labeled i

but otherwise is an empty tile outline. The three relative intensity values i

hfare identified as high, medium, and low. ABB-CE stated that the revised
terminology for alarm states and intensity levels will appear in a future /
amendment of CESSAR-DC. Table 18.7.1-1 of CESSAR-DC is an update of the table

i

from Reference 7 of CESSAR-DC Section 18.10, LD-93-005. The terminology in I~wa
this tablehmodified in Amendment V to CESSAR-DC. This is part of FSER
Confirmatory Item 1.1-1.

)lStatus: Resolved. *

i

Ib. The identification of alarm state requires the discrimination of three
intensities of yell'ow. This is in conflict with Guideline 1.3.10-5 of
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draft NUREG/CR-5908 which states that coding by differences in brightness
should be used for applications that only require discrimination between
two categories of display items. )

1

Based on a review of HF literature it was determined that the use of three !

intensity (brightness) levels does challenge the limits of acceptability .
provided by available HF guidance and, therefore, underscores the importance
of testing. In addition, ABB-CE should take efforts to maximize the differ- )
ences between the brightness levels. MIL-HDBK-761A states that each level of
brightness coding should be separated from the next nearest level by at least !

a 2:1 ratio. Brightness levels selected for the alarm codes should be
verified against this criteria. In Reference 14 of CESSAR-DC Section 18.10,

LD-93-135, ABB-CE agreed to enter this concern as Item 101 in its tracking
system for open HF issues. Item 101 states that a number of concerns,

including brightness coding, will be evaluated further using a prototype prior
to V&V testing. ABB-CE also agreed to verify that the brightness levels in
the final design vary by at least a 2:1 ratio.

Status: Resolved. -

c. The coding for both active and inactive equipment status is indicated by
the same switch position code (bottom) on both the CCS process controllers
and the CCS switches. ABB-CE is requested to describe how the bottom i

switch position code is represented on the CCS process controllers and CCS 1

switches and how the switch position code is used to identify equipment !

status.

In Reference 14 of CESSAR-DC Section 18.10, LD-93-135, ABB-CE provided an

acceptable description of the switch position codes for CCS process control-
1ers and CCS switches. In addition, Table 18.7.1-1 of CESSAR-DC was modified

to indicate that thgcoding scheme for two-state compo'nents is as follows:
0^'active equipment is.up-and inactive is 4ews

'

Status: Resolved.
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d. A color is not specified for the cross-hatch marks, which are used to
indicate that a component is uncontrollable from the CCS. Should this

color be considered a color code?

In Reference 14 of CESSAR-DC Section 18.10, LD-93-135, ABB-CE stated that

cross-hatching is applied as a texture without color and is therefore not a
Color Code.

Status: Resolved.

18.6.3.3.1.4 DSER Issue 18.8.2.b - System 80+ Specific Studies

DSER Issue 18.8.2, Additional HSI Information Required for Staff Review,
states in part that ABB-CE should provide results of System 80+ specific
studies or analyses that determine the quantitative and qualitative thresholds
of " adequate" rather than "not adequate" human performance for:

3. Readability of alarm text and tiles from all operator positions in CR

5. Number of colors and shades used on displays

6. Types and amount of information encoded in the CR as well as the encoding
techniques used

7. Audible and tactile feedback for controls, controllers and other devices

The number before each itsm corresponds to the numbers used in Section 18.6.
The Items 3, 5, 6, and 7 are discussed below.

3. Readability of alarm text and tiles from all operator positions in CR.

Evaluation: ABB-CE's response cited the following sections of HFESGB as the

criteria for vergng readability Section 2.5 - Equipment Labels and Sec-
tion 5.3.f -Annunc4ator Tile Matrices. The HFESGB criteria are based largely
on accepted guidelines. The response did not present System 80+ specific

,

studies. However, issues have already been entered into ABB-CE's tracking
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1. Issue: System 80+ versus generic guidance - The HFESGB should provide

specific guidance that have been extracted from the broad bojy of existing
HF literature and other sources to provide rationales / justifications for
specific aspects.of the System 80+ design. The HFESGB 'should also include
general guidance to support design decisions that have.not yet been made.

.

Evaluation: A review of the HFESGB indicated that general guidance is
provided when specific guidarce would seem more appropriate. Requirements for
specific guidr. ice were addressed in Issues 1, 2, and 3 of Section 4.2.1.
ABB-CE has provided a commitment through Item 105 of the TOI to provide this
additional guidance.

'

Status: Resolved.

18.6.3.3.2.4 Procedure for Implementation

The designer / applicant's guideline specification document should provide an
indication of how it is to be used in the overall design process.

-

The following are the results of a review of the HFESGB document based on
these considerations.

!

1. Issue: Procedures that ensure systematic application of guidance to
.

display design - While the HFESGB provides guidance regarding the details )
of display design, it does not provide guidance to designers to ensure
systematic application of its guidelines.

Evaluation: ABB-CE provided the following commitment to apply c systematic

I| f
process to display design in Appendix A, Section A-3.5.f.N. (d the HFPP:

I /.0 17~ - a~

/
. The reference design for the MCR and Remote Shutdoien Room (RSR) j

indications and controls -(i.e., screen design, panel layout, etc.) N

shall be detailed through a systematic process incorporating HFE

] design guidance. Appropriate documentation for the systematic process
i V, shall include the following: (1) documentation showing the results of' I

\
Idesign reviews, (2) documentation that shows how the results of the.

!
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functional task analysis are being applied to the design of specific
displays, and (3) a checklist for each display page indicating impor-
tant characteristics. .i

This response satisfactorily addresses the intent of this issue.
-

.. . .

Status- Resolved. .

g,

1.
.. a u .

. . . . . , .

2. Issue: Procedures for HSI design in non-CR environments - Neither the i,

HFESGB nor the FTA methodology provides a procedure or guidance for

systematically reviewing environmental concerns. -

Evaluation: ABB-CE has comitted to using task analysis as an input to the
design of local control stations that are addressed by the emergency opera-
tions guidelines. Provisions have been made for recording significant . | I

ecu f

environmental considerations in a miscellany, scategory. The evaluation of
environmental considerations will be addressed by ABB-CE via suitability
verification during verification and validation.

_

Status: Resolved.

3. Issue: Procedures for establishing the precision with which values are
displayed - A review of the design documents and the HSI mockup indicates
the apparent lack of a systematic approach for determining the degree of |

precision with which data are presented, whether in digital or graphic
form, to the operator via the HSI.

I

Evaluation: Section 18.5.1.5.3 of CESSAR-DC states that parametric require-
ments for display and control variables will be defined in terms of device
type, range, accuracy, and units of measure as part of the FTA methodology.
While accuracy of data is an important requirement, it'is a separate concern
from the precision with which data is presented to the operator (e.g., the
number of significant digits in digital displays, the number of intervals on
scale displays). Specific examples of the lack of clearly defined display
precision requirements were observed during the design features review with
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respect to the scaling on bar charts and other indicators. The HFESGB
provides general criteria for scaling. However, this is insufficient for
determining the precision requirements for specific parameters.

In Amendment S to the CESSAR-DC, ABB-CE modified Section 18.5.1.5.3 to require
that parametric requirements for display and control variables be defined,in

I tenns of ' precision, in addition to, device type, range, accuracy, and units of

tat { that the display precision of each measuredJ measure. This entr

;/ variable is provided based on operator task requirements. In addition, ABS-CE
has modified Section 6.1.5.2 - Phase 2 Availability Inspection Criteria of its

,

V&V plan (NPX80-IC-VP790-03) to indicate that precision specifica'. ions will be
verified for each as-built item of the HSI. These modifications were found to
satisfy the intent of the review issue.

Status: Resolved.

i

18.6.3.3.3 Specific Issues
|

This section provides a review of issues and concerns that~were identified
through reviews of selected guidelines of the HFESGB or were identified during
the evaluation of other review issues.

|

1. Issue: Symbols and graphical formats - Graphic forms (e.g., bar charts
and deviation bar charts) that are used in the HSI displays and control-
1ers are not adequitely described in the HFESGB.

Evaluation: The symbols a'd graphical formats included in HFESGB were found
to be generally consisten' with those used within the nuclear power industry.
The specific implementation of these symbols and graphical formats will be
evaluated during verification and validation when the design is complete. )
However, the review indicated that the specific graphic forms (e.g., bar |
charts and deviation bar charts) that are used in the HSI displays and
controllers are not adequately described in the HFESGB.

ABB-CE agreed to provide in a future revision of the HFESGB specific addi-
tional guidance pertaining to graphic formats used in DPS displays such as bar
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- different from that used in the prototype. ABB-CE was requested to consider
specifically evaluating text legibility under conditions that are representa-
tive of actual use. ABB-CE agreed and entered issue 102 into the TOI to
ensure that the legibility of controls and displays will be evaluated under
conditions that are representative of anticipated work conditions.

Status: Resolved.

3. Issue: The criteria for minimum size of poke areas for touch screens
specified in HFESGB is inconsistent with draft NUREG/CR-5908 and other

guidelines.

Evaluation: Guideline 3.4.9.1 of HFESGB specifies that touch target areas
2should have a minimum height of 6 m (0.25 in.), a minimum area of 161 m

(0.25 sq in.) and a resulting minimum width of 25 m (1.0 in.). In addition,
the HFESGB criteria for separation of touch target areas is unclear. Guide-

line 3.2.4-10 of draft NUREG/CR-5908 specifies a minimum height and width of
15 m (0.6 in.) with a resulting minimum area of 232 m2 (0.36 sq in.).
Therefore, the size recomended by draft NUREG/CR-5908 is over 40 percent
larger than the area specified by HFESGB. ABB-CE was requested to address
this apparent inconsistency.

1

ABB-CE's basis for Guideline 3.4.9.1 of HFESGB was subsequently reviewed in ;

greater depth including consideration of unique characteristics of the
System 80+ touch screens such as the provision of visual feedback when the
touch area is entered and the "make on break" mode of actuation. Based on

|
these considerations the minimum touch area dimensions were found to be q

acceptable. In addition, ABB-CE agreed to clarify the wording of the criteria j

for separation of touch target areas. j

Status: Resolved. !

i

4. Issue: Anthropometric dimensions. !

'

S
Evaluation: The bases for HFESGB Guideline 7J(.2.1 provides a discussion of
anthropometric data pertaining to the distance from the central axis of the .
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body to the panel edge and the eye distance forward of the central axis of the-

body. However, the use of these dimensions in the evaluation of panel

dimensions is not clear in this discussion.

ABB-CE's response in Reference 2 provided an adequate explanation for the

discussion of these dimensions.

Status: Resolved.

5. Issue: Justification of vision and reach envelops on System 80+ control

panels.

Evaluation: The description of control panel dimensions found in Sec-
tion 18.6.5.7 of CESSAR-DC states that the anthropometric data for these

profiles are based on the HFESGB and MIL-STD-147ZD. Further justification for
the specific dimensions of these panels was not clear based on the material
presented in Section 7.6.2.1 of HFESGB. This section states that the reach
envelopes are unique to each panel according to bench board depth and slope
and must be evaluated individually. Based on this review the following

concerns were identified.

a. Figures 18.6.5-11 and 18.6.5-12 of CESSAR-DC show eye heights for a 95th

percentile man and a 5th percentile woman. This position is aligned with
the leading edge of the bench board. Why are not these positions set off
horizontally to allow for torso and head width? What are the resulting
naximum viewing distances for the man and woman? How do they compare to

the specified viewing distances for controls and displays?
-

ABS-CE's response in eferen e states: Go%
'

,

su 6.
'c,

The "at-the-panel" viewing distance in HFESGB Section 2.2.3.2 (i.e.,
91 cm (36 in.)) is only slightly greater than the 95th percentile male
reach envelope, which is shown to easily capture the panel work
surfaces. Maximum' viewing distances imposed by the panels, which are

most limiting for the 5th percentile female, are less than 76 cm
(30 in.) for standup panels, less than 79 cm (31 in.) for sitdown
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Significant human actions identified in the HRA/PRA*

Initiating events to be considered in the E0Ps shall include those events+

present in the design bases

Evaluation: The information addressed by DSER Issue 18.9.1 generally satisfy
this criterion as well.

Status: Resolved.

18.7.4 Findings

The r,taff found that the ABB-CE approach to System 80+ procedure developnent
was acceptable ani that the information that will be provided by ABB-CE to the

f COL applicant is [nerally satisfactory to support the development of plant
operatingprocedu{ra.

18.8 Verification and Validation
-

The NRC HFE PRM for advanced evolutionary reactors specified that a formal V&V

(Element 8) of the HSI should be performed. The staff's DSER review of the
CESSAR-DC has identified a DSER issue related to HFE PRM Element 8-(i.e., DSER

lssue 18.10-1).

18.8.1 Objectives

The objective of this review is to provide comments on Oe ASB-CE plan related
to HFE PRM Element 8 - Verification and Validation.

18.8.2 Methodology
.

18.8.2.1 Material Reviewed

The following ABB-CE do'cuments were used in this review:

<
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* Reference of CESSAR-DC Section 18.10, LD-93-071, " System 80+ Submittal

#1 Design Descriptions and ITAAC," ABB-CE letter dated April 30, 1993.

10
Reference & of CESSAR-DC Section 18.10, LD-93-140, " System 80+ Informa-*

tion for Issue Closure," Attachment 2, " Justifications of ABB Positions
Requested for Closure of V&V;" and Attachment 5, "SSAR-DC Markups for V&V
and Procedures;" ABB-CE letter dated September 24, 1993.

Reference 3 of CESSAR-DC Section 18.7, LD-92-065, " System 80+ Supplements*

to RAI Responses," Attachment 4, "Nuplex 80+ Verification Analysis Report"
(NPX80-TE790-01, Rev. 02, December 1989), ABB-CE letter dated May 8,1992. / '

.)
Reference 3 of CESSAR-DC Section 18.4, " Human Factors Engineering Verifi. '/*

cation and Validation Plan for Nuplex 80+" (NPX80-IC-VP790-03, Rev. 00.
September 24,1993), hereafter referred to as the plan.

Reference 4 of CESSAR-DC Section 18.4, " Human Factors Program Plan for the*

System 80+ Standard Plant Design" (NPX80-IC-DP790-01, Rev. 02, Septem-
ber 29, 1993), hereafter referred to as HFPP. ~

CESSAR-DC, Sections 13.5 and 18.9.*

18.8.2.2 Review Scope

The scope of this review was centered on the V&V plan, although additional

ABB-CE documents were consulted (as referenced above).

The review focused on (1) resolution of DSER issues, and (2) evaluation of the
ABB-CE documents with respect to the topics and general criteria of the HFE
PRM. Complete adherence to the HFE PRM was not considered to be mandatory.

Differences in approach would be considered acceptable provided (1) the
program can still meet the HFE commitment and goals, (2) the difference
between the proposed criteria and those contained in the HFE PRM are ade-
quately justified, and (3) there is no adverse impact on other program
elements.

i
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is it clear how they were used. For example, EPRI NP-3701, Computer-Generated

Display System Guidelines, was referenced; yet in the section on suitability
,

verification (where the document would most likely be applied), it was not
identified as a criteria document. An examination of the verification,

analysis report did not indicate that anything other than NUREG-0700 was used

for verification (which does not contain sufficient criteria verification of a
CR such a~s the System 80+). The revision to the plan provided the specific
references to the HFE PRM recommended technical basis documents. The verifi-
cation analysis will be based upon criteria from a broad basis of HFE PRM
identified documents (including, but not limited to, NUREG-0700) and addi-
tional acceptable industry sources. Four HFE'PRM identified sources were
noted (AR 602-1, TOP I-2-610, D0DI 5000.2, and EPRI NP-3701). These excep-

,

tions were acceptable to the staff since their contribution to the ABB-CE V&V :

effort was redundant with the documents cited. (The review and acce'ptance of
the specific criteria used for verification is addressed in FSER'Sec-
tion 18.6.3, HFE Standards, Guidelines, and Bases.) The staff, therefore,.
determined that the technical basis of the ABB-CE V&V plan was acceptable.
Based upon the revisions to the plan, this issue is resolved.

_

Status: Resolved.

18.8.3.2.3 Human Factors Issue Resolution Verification

Criterion: HFE PRM Criterion 7 states that a verification shall be made that
all issues documented in the HF issue tracking system have been addressed.

Evaluation: The staff noted that verification of HFE issues resolution was
not addressed in the draft" plan. Following discussions with the staff, ABB-CE
addressed the concern in two ways. First, assurance of closeout of tracking j
system items is incorporated into the description of the tracking of issues- f '

description of the HFPP. Second,- plan Sections 6.1.4 '(' Availability Verifica-
I

tion), 6.2.[(Suitability Verification), and 6.3.4.1- (Validation) were
modified to require that relevant TOI items are addressed in the appropriate
V&V activity. Since final closeout of the TOI items is a COL activity,' the
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:

. consideration is how CR personnel will use paper procedures in the CR.
This includes considerations of task lighting, ease of handling, and

( adequacy of laydown. Similar evaluations should consider P& ids, TSs,
and other operator aids.

d. Operator awareness of the status of equipment under surveillance test
or repair.

2. HSI Design: It is the staff's position that the evaluation of the' DPS and
DIAS alarm implementation under high-alarm conditions should be specifi-
cally evaluated in validation.

Evaluation: These issues were not addressed in the draft plan. Following
discussions with the staff, ABB-CE has addressed the issues in the following
ways. With respect to Item la and b, plan Section 6.3.4.2 has.been~ revised.to. |
include basic maintenance tasks during normal operations. With~ respect to

,

Item Ic, the issues will be addressed during suitability analysis and any
concerns observed during validation testing will .be- With respect to.

.

Items Id and 2, requirements for their evaluation b e _een included as part
of the implementation plan appendix (plan Appendix B).

Based upon this plan revision, these issues are resolved. :
1

Status: Resolved. )
1
|

18.8.3.2.7 Scheduling
'

Criterion: In the proposed resolution of the DSER, ABB-CE agreed to provide a-
schedule of V&V activities-(as per the HFE PRM requirement in Element 1). -

Evaluation: Scheduling is described in plan Section 7. In Section 7.1 it
states that availability verification can be accomplished "in parallel .with,
before, or after suitability verification." The staff was concerned that not -|

all HSI changes-resultihg from availability verification would-be subject to
suitability verification. Following discussions with the staff, ABB-CE
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& , ? >-
'modified Section-722-of the plan to indicate that all HSI items will be

verified as suitable. Based upon this plan revision the issue is resolved.
. |

'

Status: Resolved.

i
'

18.8.4 Findings -

'

t .
-"

The ABB-CE approach to V&V has been reviewed and found acceptable. While the j
,

present plan is lacking complete methodological detail, a more detailed !

implementation plan will be developed following design certification.
IRequirements for the additional detail addressing staff concerns is provided,

in Appendix B of the plan. This approach is acceptable to the staff since V&V
details are more appropriately addressed in a detailed implementation plan
which can best be developed when the design becomes completed.

18.9 Certified Desian Descrintion/ Inspections. Tests. Analyses. and

Acceptance Criteria |

~

18.9.1 Objectives

The objective of this review is to evaluate the System 80+ MCR ITAAC, remote
shutdown room ITAAC, and control panels ITAAC against the requirements of

10 CFR Part S2.47(a)(1)(vi) and the HFE PRM. ;

18.9.2 Methodology

!
18.9.2.1 Material Reviewed

The following ABB-CE documents were used in this review:

I.
'

System 80+ ITAAC Section 12.2.1, " Main Control Rode;" Section 2.12.2,*

" Remote Shutdown Room;" and Section 2.12.3, " Control Panels."

Reference 1)i of CESSAR-DC Section 18.10, LD-93-071, " System 80+ Submit- [ !*

tal #1 Design Descriptions and ITAAC," ABB-CE letter dated April 30, 1993.

!
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Reference 13 of CESSAR-DC Section 18.10, LD-93-147, " System 80+ Informa-*

tion for Issue Closure," Attachment 1, " Response to Cross-Branch Chapter
18 Questions (October 4, 1991)," ABB-CE letter dated October 18, 1993.

18.9.2.2 Review Scope
.

The scope of this review was :: entered on the following System 80+ ITAAC and
associated design descriptions: ITAAC Number 2.12.1, " Main Control Room;"

'ITAAC Number 2.12.2, " Remote Shutdown Room;" and ITAAC Number 2.12.3, " Control

Panel s . " I

The review focused on ensuring that significant features of the design
certification application contained in the CESSAR-DC are captured by the CDD.

18.9.2.3 Review Procedure

As indicated above, the staff's DSER review of the CESSAR-DC indicated that
ABB-CE must provide appropriate CR HF ITAAC, including DAC for portions of the
design not completed at the time of the final design approval. Further, the

staff noted that the ITAAC and DAC should be consistent with the criteria
described in the HFE PRM.

h 1

By letter dated April 30, 1993 (Ref. 15'of CESSAR-DC Section 18.10, ]
LD-93-071), ABB-CE submitted to the NRC for review and approval . ITAAC and |
associated design descriptions for the MCR, remote shutdown room, and control i

panels.

The ITAAC and CDD were reviewed using the requirements of the HFE PRM and |

Part 52. Staff comments were discussed with ABB-CE at the public meeting held
October 4 through 6, 1993. The resolution of staff comments were documented |

'

in minutes of that meeting.
!

The following materials were consulted as part of the evaluation:
,

NRC HFE Program Review Model for Evolutionary Reactors (HFE PRM). f*

i
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design comitment in the HCR and RSR ITAACs (i.e., design comitment 4). In
I addition, task analysis output is an input to the availability inspection
|
| acceptance criteria of design comitment 2, as discussed in the System 80+ VaV
1

plan. The design description statement in the control panels ITAAC regarding
7

control panel seismic category wNbe added to the MCR and RSR design|
h

f
descriptions. The staff found this approach and comitments acceptable. -

18.9.3.2 Level of Detail

The ITAAC were evaluated to assure that they accurately reflected the design
and implementation process and that they were at a level of detail consistent
with the staff's intent to not constrain the use of state-of-the-art, proven
technology at the time the HSI is designed (one of the stated intents of the
DAC concept). All necessary and sufficient ITAAC were identified based upon
comparison to the HFE PRM and no concerns were identified.

Therefore, the staff concludes that the design comitments in the HFE ITAAC/
DAC accurately sumarize the Design Description for HFE; that the inspections,
tests, and analyses identified are acceptable methods for ditermining whether
the design comitments have been met; and that the acceptance criteria are
sufficient to establish, if they are met, that the design comitments have
been met,

i

18.9.3.3 Main Control Room Minimum Inventory |

18.9.3.3.1 Discussion in the CESSAR-DC |

|

ABB-CE's initial CESSAR-DC provided insufficient information about controls,
displays and annunciators to be utilized for the System 80+ CR, resulting in a
staff RAI. As part of the general resolution of the lack of CR detail, ABB-CE i

provided the detailed CR design implementation process', through which the
specific controls, displays, and annunciators will be specified and designed.
However, in order to provide an initial set of controls, displays, and )

annunciators for transient mitigation before design certification, ABB-CE )
developed the inventory described in CESSAR-DC Chapter 18. This inventory was

]
developed by analyzing the System 80+ EPGs and the important operator actions j
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2. The risk to the population in the area near a nuclear power plant of
cancer fatalities that might result from nuclear power plant operation
should not exceed one-tenth of one percent (0.1 percent) of the sum of
cancer fatality risks resulting from all other causes.

This statement of HRC safety policy expresses the Comission's views on the
level of risks to public health and safety that the industry should strive for
in its nuclear power plants. The Commission recognizes the importance of )
mitigating the consequences of a core-melt accident and continues to emphasize

Sif*I n p $
features such as containment, dghti~; in less populated areas, and emergency [
planning as integral parts of the defense-in-depth concept associated with its
accident prevention and mitigation philosophy. The Comission approves use of
the qualitative safety goals, including use of the quantitative health effects
objectives in the regulatory decision-making process.

19.0.1.3 Standardization Policy Statement

The Commission issued the Policy Statement on Nuclear Power Plant

Standardization on September 15, 1987. The policy statement encouraged the
use of standard plant designs and provided information concerning the
certification of plant designs that are essentially complete in scope and
level of detail. The intent of these actions was to improve the licensing
process and to reduce the complexity and uncertainty in the regulatory process
for standardized plants. In relation to severe accidents, the policy
statement expected applicants for a design certification to address the four
licensing criteria for new plant designs set forth in the Commission's Severe
Accident Policy Statement.

.19.0.1.4 10 CFR Part 52

The Commission issued 10 CFR Part 52, "Early Site Perm'its; Standard Design
Certifications; and Combined Licenses for Nuclear Power Plants," on
April 18, 1989. This rule provides for issuance of early site permits,
standard design certifications, and combined licenses with conditions for
nuclear power reactors. It sets out the review procedures and licensing
requirements for applications for these new licenses and certifications and

i
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FSER Section 19.1.2.1

Page 19-30, Separate Startup and EFWS/Four Train EFWS

Delete text refering to automatic initiation of the Startup Feedwater System (see markup of
,

page 19-30). The Startup Feedwater System design was changed from automatic initiation to -
manual initiation after the level 1 PRA was completed. This design change was identified in
Table 19.6A-1 as a difference between the PRA models and the current design. This design
change is not expected to have a significant impact on the core damage frequency.

- . .
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Safety Depressurization System (SDS)

An important function of the SDS is the manual safety-grade means of rapidly
depressurizing the RCS so that SI can be actuated, when DHR fails via either
the SGs or the SCS, to perfonn core cooling by " feed and bleed" operation.
The rapid depressurization function of the SDS constitutes the " bleed" portion
of the " feed and bleed" operation while SI constitutes the " feed" portion.
This is an important feature added to the System 80+ design that aims to
reduce the failure probability of long-term DHR. SDS has also a mitigative
function. Rapid depressurization can be used to mitigate some of the
potential containment challenges associated with reactor vessel failure at
high pressure (see Section 19.1.2.2 below).

Multiole Independent Connections to the Grid and Turbine / Generator runback
capability

The System 80+ design includes a main switchyard for incoming and outgoing
electric power and a separate and independent backup switchyard that is tied
to the grid at some distance from the main switchyard. In addition, the

System 80+ turbine generator system and the associated buses are designed to
run back to maintain hotel loads on a loss of grid. These features aim at
reducing the frequency of LOOP initiating events and therefore the frequency
of accident sequences that are associated with LOOP including SB0.

Separate Startuo and'EFWS/Four Train EFWS

The use of a non-safety grade startup feedwater system (SFWS) for normal
startup and shutdown operations helps reduce the demands on the EFWS. In

addition, the SFWS provides an independent means of supplying feedwater to the
SGs for removing heat from the RCS during emergency conditions when the main
feedwater is not available fit-is--automat 4caMy--ac-tuatt d uprrhw mine

4cedm+ r W iu d he EFRS). The EFWS is a dedicated system, which provides an
independent safety-related means of supplying feedwater to the steam

generators for the earlj phase of DHR in the event that-beth normal feedwater
and startup=feedwet% ace lost. The EFW system consists of two trains, each

f
train aligned to feed its respective steam generator. Each train contains one
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Table 19.1.1. Comparison of Core Damage Frequency Contributions by Initiating
Event

Initiating Event System 80 System 80+

(CDF/yr) (CDF/yr)

Large LOCA 2E-6 IE-7

Medium LOCA 4E-6 3E-7

Small LOCA lE-5 2E-7

Steamline/ Secondary Line Break (SLB) IE-6 2E-9

Steam Generator Tube Rupture (SGTR) lE-5 3E-7

Transients IE-5 6E-7

fLoss of Offsite Power (LOOP) 4E-5 .4E t.y g,<g
i

Anticipated Transient Without Scram SE-6 SE-8

(ATWS)

Interfacing System LOCA SE-9 5E-10

Vessel Rupture IE-7 IE-7

Total BE-5 2E-6

Figure 19.1.1. Relative Contributions to Total CDF From Internal Events.
.
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Start-up feedwater system, with source from the CST =d emota Leiure*

the4FWS -- contributes to the increased reliability of heat removal
through the SGs.

Turbine-generator full run-back capability -- reduces initiating event-

frequency.

Two redundant and diverse EFW actuation systems -- increases the*

reliability of secondary heat removal.

The following are the most important features of the System 80+ design which
contribute to the reduction in the estimated CDF associated with steam
generator tube rupture (SGTR) sequences (CDF reduced from IE-5 per year to
3E-7 per year):

Four train EFWS -- the increased reliability of this system (four=

instead of two or three trains) reduces the reliance on " feed and bleed"
cooling as the last defense against core damage (for System 80+ the RDS
can be used for " feed and bleed" cooling).

Four train SIS -- the increased reliability of this system (four instead*

of two trains) reduces the importance of performing " aggressive
secondary cooldown (ASC)" for early core cooling. ASC, which is the
last line of defense when SI is not available, requires use of both SGs
and involves rather complicated human actions to be performed in short
times.

SDS -- provides an alternate DHR path through primary " feed and bleed"*

which is much more reliable and faster than the high pressure " feed and
bleed" cooling of currently operating PWRs (replacing PORVs by MOVs-
simplifies operator actions and provides flexibility for controlled and
fast depressurization to SIS actuation pressures). -

Large IRWST capacity with refill capability -- increases the long-term.

recovery probability for unisolable SG leaks, which bypass containment,
by preventing depletion of borated water and core damage.
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Operator failure to perform the following actions were found to be majora

contributors to the estimated CDF from internal events; (i.e., these
actions have the highest " risk reduction worth"):

- perform " aggressive secondary cooldown" l

- initiate " feed and bleed" operation

As mentioned above, details on SSCs and human actions that were found to be

risk significant by ABB-CE are documented in CESSAR-DC Section 19.15. This

information, which was generated by taking into account insights and
assumptions from the entire PRA (i.e., all three PRA levels for both internal
and external events and for all modes of operation), form the basis for the
following two lists: (1) a list of important SSCs (see Table 19.15.6-1) which
the COL applicant should be incorporated in the D-RAP and 0-RAP programs (COL
Action item 19.14); and (2) a list of risk important (" critical") operator

tasky (see Table 19.15.6-2) which should be taken into account in the HCR
[Ogn process, as well as in the development of emergency procedures and

_

training programs.

ABB-CE, in performing the level 1 PRA for internal events at power operation,
identified the following 10 " critical" tasks, which must be performed by the
operator to prevent or mitigate severe accidents, that should be taken into
account in the MCR design and the fixed display panel. ABB-CE provides a

commitment to do this in Section 18.5.1.5.2 of the SSAR (Amendment Q). The
process for inclusion of these tasks and the acceptability of this approach is
addressed in Section 18.5.3.2.2 of this report.

Operator fails to initiate hot leg injection (HHFFH0TLEG).-

Operator fails to align the CST to EFWSTs (AHFDCST).a

Operator fails to initiate " feed and bleed" (VHFFFEEDBLEED).-

Operator fails to align the SCS for injection operation (JHFDRHRI).*
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the CCFP would be about 3 percent. The CCFP based on the dose definition is
lower than that associated with the structural integrity definition since the
bulk of the structural failures (such as basemat melt-through failures) do not
have significant offsite consequences.

|

|
The staff concludes that the estimated CCFP for the System 80+ design

! satisfies the Commission's containment performance goal (0.10). Specifically,
within the 24 hour period following core damage, which is the focus of the
containment performance goal, the probability of containment failure (using

( either the structural integrity or dose definition of containment failure) is

| below the goal. The probability of containment failure is somewhat higher
when failures beyond 24 hours are included, however, CCFP remains less than

the goal using the dose definition of failure (3 percent), and is only
slightly higher than the goal (11 percent) using the structural definition of
failure. In SECY-90-016, the staff stated that in view of the low probability
of accidents that would challenge the integrity of the containment, the CCFP
for evolutionary designs should not exceed "approximately" 0.1. Furthermore, |

in the related SRM the Comission directed that the CCFP objective of 0.1
should not be imposed as a requirement in and of itself. In view of the
approximate nature of the containment performance goal, the recognition that
PRA results, particularly bottom line numbers, contain considerable
uncertainties, and the fact that the majority of containment failures
reflected in the 11 percent CCFP estimate are late, containment basemat melt-
throughs rather than releases to the atmosphere, the staff concludes that the
System 80+ design satisfies the Commission's containment performance goal ,

aven_given-thisd evtation.

19.1.3.2.2 Leading Contributors to Containment Failure from the Level 2 PRA
|

|
!

The frequencies of the various containment failure modes and the fractional
contributions by containment failure mode to the total containment failure
frequency are presented in Figure 19.1.2 for both the original and updated
System 80+ PRA. The updated PRA results reported here, as well as in the '

discussions that follow', are based on the combined frequency of internally- q

initiated events plus tornado strike events. A separate accounting of results
for internally-initiated events is not included due to the small CDF from

!
|
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I

,

G* g i

j y)2 - seals, protectively mounting the seal so that it is not directly exposed to |

be achieved by a combination of selecting high quality and high capability -)
]

gjd the containment environment, and providing double seals (inner and outer)
ya{ whenever possible. This design commitment is provided in CESSAR-DC Section

'

{lj 19.11.3.1.4. The staff considers ABB-CE's design objective and the assumed
'

V1w failure rate in the PRA achievable prdided thc.centeimtgemtethwata

n sx e ,

,

5( matcrial5 erc p="ed + a m2 int a int-aWLuy=at-temperatares--up=to400 2 F . -" '

Ls s

8dN This is discussed further in Section 19.2.6.4 of this report.1

I
IC%tj.h(i gy Early Containment Failure

4

iQU l

[ The total frequency of early containment failure predicted by the System 80+ |
-

..g. .
1

;oQ PRA is 2E-8 per year, or about 11 percent of the containment failure

$h frequency. The mechanisms that are considered in the System 80+ PRA for early

I'f h containment failure include in-vessel steam explosion (alpha mode failure),
direct containment heating (DCH), early hydrogen burn, rapid steam generation

,

(RSG), rocket mode failure, and corium impingement due to high pressure melt
ejection.

The major contributors to early containment failure are those from energetic
events such as steam explosion and hydrogen detonation. The fractional
contributions from the various containment failure mechanisms to early
containment failure are 88 percent for ex-vessel fuel coolant interactions,
9 percent for alpha mode failure, and 3 percent for early hydrogen burn. The
contributions from CCH, rocket mode failure, and corium impingement are very
small (less than 0.01 percent). j

i

Ex-vessel fuel coolant interactions are the leading contributor to early
containment failure according to the System 80+ PRA. These events include ex-

vessel steam explosion and quasi-static pressurization (i.e., a pressure spike ;

produced in the containment by the steam generated fr'om the quenching of..the
i

high temperature core debris). According to the System 80+ PRA, ex-vessel
steam explosions are about an order of magnitude more likely to cause a
containment failure than quasi-static pressurization. The high contribution
of steam explosions to early containment failure can be attributed to the high

.

probability that the reactor cavity will be flooded using the CFS (over
!
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" scoping" fire risk analysis performed by ABB-CE compliment this belief. The

fire risk analysis has provided useful safety insights for inclusion in ITAAC,
COL action items, and RAP. Since detailed PRA-based internal fire analyses at
some operating plants have shewn that fire-induced sequences can be leading
contributors to CDF, ABB-CL has stated (COL Action Items 19.5, 19.7, and
19.12) that the COL applicant should provide an updated internal fire PRA that
takes into account design details, such as cable routing and door locations as
well as fire detection and suppression system location, to search for internal
fire vulnerabilities in the detailed design.

The staff's review determined that there are 11 doors above the 70+ level in
the System 80+ design where the door penetrates the dividing divisional wall
(i.e., hard concrete interdivisional barrier) between the two divisions.
ABB-CE provided additional details on the System 80+ design to justify that
these 11 doors do not constitute potential fire vulnerabilities. ABB-CE
indicated that all of these doors are self-closing and are alarmed in the MCR.
In addition, there are always additional intervening fire doors (self-closing
doors and alarms) between the doors in the divisional wall and any safety
related equipment or equipment credited in the System 80+ PRA.

RCP seal LOCAs are not modeled as a credible event in the internal events
analysis. Instead ABB-CE provided a sensitivity study for at-power events on
the potential effects of loss of cooling to the seals. However, due to the
staff's concern about the potentially much higher common mode failure rate
associated with fire events, ABB-CE provided an evaluation of loss of seal
cooling due to a fire and resultant RCP seal LOCA. Based on this submittal,
the staff finds that RCP seal LOCAs do not constitute a vulnerability during
severe accident fires, llowever, the staff believes that the available test

results for the RCP seals do not provide full confidence in the capabilities
of the seals under loss of seal cooling conditions. Therefore, for the
purposes of defense in depth, the dedicated seal injection pump (an air-cooled

'positive displacement pump) should be located in such a manner as to minimize
its vulnerability to internal fires and floods. tk7 c ould Alk. a#ccT~ M "
fe M u.ty t w ns s| Provtsling flC P seuf c,ocliny or lic f S u l in J ec Tro n , 1

The System 80+ design has significant robustness to prevent and mitigate
severe accident fires and the design should result in a plant with superior
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results for the RCP seals do not provide full confidence in the capabilities
of the seals under loss of seal cooling conditions. Therefore, for the

purposes of defense in depth, the diverse positive displacement RCP seal
injection pump (air-cooled) should be located in such a manner as to minimize
its vulnerability to internal fires and floodsf &T could do '//ecT 7k
Pawy meus of pw;&lq RC P sea coolin et RC P .%i h i=cn% ,

,

The System 80+ design has significant robustness to prevent and mitigate
severe accident floods and the design should result in a plant with superior
capabilities to prevent and mitigate floods compared to operating nuclear
power plants.

19.1.4.3.1 Dominant Accident Sequences (Internal Floods)

ABB-CE's " scoping" flood risk analysis for the System 80+ design used
applicable event and fault tree models from the internal events analysis
(equipment needed to mitigate " transient" events) to identify the following
dominant accident sequences:

Flood disables one division of ESF, there is failure of the DHR system,a

and failure of SDS valves to reduce pressure to perform feed and bleed.

Flood disables one division of ESF, there is failure of the DHR system,*

and the SI pump fails to provide feed for feed and bleed.

Flood disables one division of ESF, there is failure of all feedwater*

systems, and failure of safety depressurization valves to reduce
pressure so can perform feed and bleed.

Flood disables one division of ESF, there is failure of all feedwater*

systems, and the SI fails to feed for feed and bleed.

19.1.4.3.2 Risk Important Design Features & Human Actions (Internal Floods)

The following is a list'of some of the design features that are responsible
for reducing the impact of an internal flood in the System 80+:
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requiring that two of the four SIS pumps be available in shutdown
modes when the IRWST is available.

Design features which are important for preventing and mitigating
*

LOOP /SB0 events during power operation, are also important in reducing
the frequency of these events during shutdown operation. These are:
(1) two separate and independent switchyards, (2) redundant and diverse
onsite AAC power sources (two EDGs and a CTG). The following opera-
tional requirements are important during shutdown operation:

-

The reliability of the two switchyards is an important feature
contributing to the reduced System 80+ shutdown risk from LOOP /SB0
events, as compared to operating reactor designs. When a

switchyard is unavailable for maintenance, the COL applicant
should ensure that no activities which could fail the operating
switchyard are taking place and no fire sources are present. 'This-
is COL Action Item 19.17. [
The reliability of the redundant and diverse emergency on.;ite ac

-

power sources is an important feature contributing to the reduced
shutdown risk from LOOP /SB0 events, as compared to operating
reactor designs. For this reason,-a new TS was added requiring
that two of the three onsite emergency ac power sources (i.e., two
EDGs and a CTG) be available during shutdown operation.

Due to the increased reliance on human actions and greater opportunity
*

for human errors during plant shutdown, risk can be minimized by
appropriate outage management, administrative controls, procedures,
training, and operator knowledge of plant configuration. The control of
these activities is an important COL applicant. responsibility. This is
COL Action Items 19.15 and 19.17.

'

During plant shutdown, the integrity of fire and flood barriers between*

areas in same division, such as quadrants, where systems comprising the
alternate shutdown success paths are located, should be maintained.
This will require configuration control of fire / flood barriers for
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|I

determine if any vulnerabilities have been introdu'ced. This is COL Action
Item 19.9.

1

1

.The COL applicant should incorporate the information on risk important
in the MCR des +Y Phed-The COL

M '

operator t. asks (see list of Table 19.15.6-2) gn.
,

applicant should also use this information in developing and implementing
procedures, training and other human reliability related programs. This is
COL Action Item 19-15. The COL applicant is also responsible for developing
detailed procedures for actuation and operation of the severe accident design
features, such that the use of these features is consistent with the PRA 1

assumptions, or for modifying the site-specific PRA to match the modified I

assumptions. This is COL Action Item 19-16.

Integrity of divisional separation between redundant safety-related equipment
is a key assumption in the System 80+ fire and flood risk analyses. This
divisional separation, which is extended alsa in the SSW/CCW structures',
prevents fires and- floods from propagating from one division to the other.
There are no doors or passageways connecting the divisions of safety-related
equipment up to elevation 70+0.

4

Separate ventilation systems for each division minimizes the pos'sibility of f
smoke, hot gases, and fire suppressants migrating from one division to
another.

~

Electrical separation between the two safety-related divisions is maintained.

All drains are divisionally separated. Drains within a division,. drain to the
lowest level which has adequate volume to collect water from a break in any
division. They are sized to handle the potential discharge of fixed f ue
suppression systems and fire hoses.

.

During plant shutdown operation, the integrity of fire rnd flood barriers- !

between areas in same division, such as quadrants, where systems comprising -

the alternate shutdown ' success paths are located, should be maintained. This
will require configuration control of fire / flood barriers for shutdown-
operation by the COL applicant. This is COL Action Item 19.18. The COL

,

.q
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Drains in the nuclear annex and the reactor building are divisionally
separated, have seismic Category I valves to prevent backflow, and are sized
to handle fire protection system discharges. Each subsphere quadrant has its
own redundant seismic Category I sump pumps that can be powered off the EDGs.

The possible sources of internal flooding within' the nuclear annex and reactor
building are located below elevation 70+0.

The seals for the underground pipe chase (contains CCW piping) between the
nuclear annex and the CCW building will be capable of withstanding an internal
flood from a pipe break in the CCWS/SSWS building (e.g., service water).

Chemical and Volume Control System (CVCS)
>

Divisional separation exists be?. ween redundant charging pumps and their power
supplies.

1
There will be diverse RCP seal injection capability using positive displace- ;

ment pump that is diverse from the CVCS and can be powered from either the ;

EDGs or the CTG. The dedicated seal injection pump (air-cooled positive j

displacement pump) should be located in such a manner as to minimize its

vulnerability to internal floods and firesffur ov/d also dr fAc. AN-ruy ;

(!)eus 5 of RL f seni Cod hy of |?c$ Sal i nj u riod .

Instrument Air System (IAS)

Divisional separation exists between redundant trains of instrument air and
their power supplies.

!

Instrumentation and Control i

To provide sufficient diversity and defense in depth t'o mitigate all
postulated accidents even assuming a comon cause failure within the plant
protection system, the System 80+ instrumentation and control systems provide
the manual hardwired ESFAS for the controls and for display there are

[
hardwired key indications of critical function status for post accident '

monitoring.
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depressurization. capability of the SDS, the IRWST, and the reactor CFS) which
contributed to the reduced CDF and CCFP estimates of the System 80+ design
when compared with operating PWRs. PRA results and insights were used to
identify areas where it is particularly important to implement the design and
operational requirements assumed for design certification (e.g., ITAACs,
D-RAP, 0-RAP, TSs, operator training and procedures). Based on this review
the NRC believes that the System 80+ design represents an improvement in
safety over operating PWRs in the United States.

References

1. SECY Paper Memorandum, Samuel J. Chilk (NRC) to James M. Taylor (NRC),

"SECY-93-087 - Policy, Technical, and Licensing Issues Pertaining to
Evolutionary and Advanced Light-Water Reactor (ALWR) Designs," July 21,
1993

19.2 Severe Accident Performance

19.2.1 Introduction

The purpose of Section 19.2 is; (1) to consolidate the NRC's approach to
resolution of severe accident issues for advanced light water reactors as

specified in SECY-90-016, SECY-93-087, and the corresponding SRMs, and (2) to
evaluate the approach proposed by ABB-CE for resolution of severe accideat
issues for the System 80+.

To provide adequate protection of the public health and safety, current NRC

regulations require conservatism in design, construction, testing, operation,
and maintenance of nuclear power plants. A defense in depth approach has been
mandated in order to prevent accidents from happening and to mitigate their |

consequences. Ikhk in less populated areas is emp'hasized. Furthermore,
4

emergency response capabilities are mandated to provide additional defense-in-
depth protection to the surrounding population.

The reactor and containment design provide a vital link in the defense-in- |

depth philosophy. Current reactors and containments are designed to withstand
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19.2.2 Deterministic Assessment Of Severe Accident Prevention
1

19.2.2.1 Severe Accident Prevntative Features

The System 80+ is designed to cope with plant transients and loss of coolant
accidents without any adverse impact on the environmant. However, the -

i potential does exist, albeit remote, for a LOCA or seemingly ordinary plant
transient coupled with numerous plant safety system failures to progress to a
severe accident with the potential for substantial offsite releases. |

l

| |
| Accidem initiators can be separated into two general groups - transients and

LOCAs. Transients include plarned reactor shutdowns and transients which
i

result in reactor scrams. Examples of transients include: manual shutdown,
steamline break (SLB), steam generator tube rupture (SGTR), LOOP, loss of
feedwater. In addition to these transients, there is an entire spectrum of
LOCAs which are accident initiators. LOCAs generally fall within three
categories; small, medium, and large, based on the size of the line break.

Following the accident initiator, normal and emergency plant systems respond
to control reactivity, reactor pressure, reactor water level, and containment
parameters within the design bases spectrum. Of most importance is to ensure iM c M 1

sufficient heat removal from the core to prevgt overheating and subsequent
(c

7

fuci damage. Failure to provide tTi+ hea-t removai results in core uncovery,
fuel overheating, and the potential for oxidation and melting of the reactor
Core.

In response to accident initiators identified through operating reactor
experience and performance of probabilistic risk assessment, the NRC developed
criteria for evolutionary LWRs to prevent the occurrence of such initiators
from leading to a severe accident. These criteria were specified in
SECY-90-016 and SECY-93-087 and include design provisfons for the following:
anticipated transient without scram, SB0, fires, and interfacing systems.

.
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19.2.2.1.1 Anticipated Transient Without Scram (ATWS)

An ATWS is an anticipated operational occurrence (A00) followed by the failure
of the trip portion of the reactor protection system (RPS). A00s are those
conditions of normal operation which are expected to occur one or more times
during the life of the nuclear power plant and include, but are not limited
to, loss of power to all recirculation pumps, tripping of the turbine
generator set, isolation of the main condenser, and loss of all offsite power.
Dependent upon the transient and its severity, the plant may recover and
continue normal operation or the plant may require an automatic shut down
(scram) via the RPS. The RPS is designed to safely shutdown the reactor to
prevent core damage.

These transients when coupled with a failure of the RPS may lead to conditions
beyond the design basis of the plant. In these cases, the reactor must be
manually scrammed in order to avoid reactor fuel damage or coolant system
damage. Subsequent failure of the manual scram system and inadequate core
coolingpar lead to core damage.

vauld

Transients with the greatest potential for significant damage to the res a .-

core and containment are those which lead to an increase in reactor pressure
and temperature, a loss of heat sink, or a failure of the RPS to scram the
reactor. During an ATWS event, reactor power, pressure, and temperature must
be controlled or the potential exists for a severe accident.

The ATWS rule (10 CFR 50.62) was promulgated to reduce the probability of an
ATWS event and to enhance mitigation capability if such an event occurred.
For pressurized water reactors (PWRs), the ATWS rule specifies inclusion of a
diverse scram system from the sensor output to interruption of power to the
control rods. In Sections 7.7 and 15.3.10 of this report, the NRC concluded ,

that System 80+ complies with the ATWS rule. *

,

19.2.2.1.1.1 Features to Prevent and/or Mitigate
,

In SECY-90-016, the staff recommended that the Commission approve its position
that diverse scram systems should be provided for evolutionary LWRs. In its !

ABB-CE System 80+ FSER 19-136 February 1994
{

l



F

, -

19.2.3 Deterministic Assessment Of Severe Accident Hitigation
{
I

19.2.3.1 Overview of the System 80+ Containment Design

The System 80+ primary containment design consists of a 61m (200 ft) diameter
spherical steel shell with a nominal wall thickness of 4.45 cm (1.75 in.).

i

[This wall willThieker around primary containment penetrations to
structurally compensate for these openings. The primary containment encloses

@g/
the nuclear steam supply system, the IRWST, SITS, the refueling canal, and
associated mechanical, electrical, and HVAC support components. The spherical
steel shell below the reactor cavity is protected by a minimum of .9m (3'ft)

of concrete with an additional 5.5m (15 feet) of concrete below the steel
shell.

The primary containment provides 94,600m3 (3,340,00 ft ) of net free volume3

and its internal structures are arranged in a manner to promote mixing
throughout the containment atmosphere and accommodate the pressurization from
condensible and non-condensible gas releases during severe accidents. The
internal structures surrounding the steam generators are especially effective
at promoting natural circulation within containment by causing a " chimney"
effect. The containment contains 80 igniters to control hydrogen generated
during severe accidents.

The primary containment is totally enclosed by a shield building made of
reinforced concrete. The containment shield building is designed to provide
biological shielding and external missile protection for the containment
vessel and safety related equipment. In addition, the annulus ventilation and
filtration system provides a mechanism for reducing fission product re. leases
following severe accidents.

Steam from a reactor depressurization event is condenied in the IRWST. The
IRWST is the primary heat sink and may be cooled by either the SCS or the CSS)

heat exchangers. Either system supplies water at about 150 psi discharge
~

TMs4 delivery pressure is sufficient to function as a low pressuregq
pressure.

emergency core coo ing system (ECCS) as a surrogate for the safety injection / Fe
system (SIS). TheTormal low pressure ECCSgelived water at abet & 500 psi. , geg
& sah got des,P don nd reh m Is puu s% injechoi hw6 de_ Sci 59j
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The depressurization system is expected to reduce primary system pressure to
|cdod asil below 150 psi. The IRWST supplies water to the CFS which provides a |

means of flooding the reactor cavity during a severe accident, for the purpose 1

of cooling the core debris in the reactor cavity and scrubbing fission product
releases. The water flows first into the HVT through four 30 cm (12 in.)
diameter MOVs and then into the reactor cavity through two 25 cm (10 in.)-

..

diameter MOVs. The IRWST also supplies water to the CSS which can be used to
reduce containment temperature and pressure and remove iodine from the
containment atmosphere following severe accidents.

The spherical steel containment can be vented, in the case of an internal !
pressurization that may challenge containment integrity, through two 8 cm
(3 in.) diameter hydrogen purge vents. ABB-CE has provided this venting
capability, however, they have demonstrated that venting is not needed for
most of the severe accident events. For those sequences where venting would
aid in limiting the containment pressure below ASME Service Level C, venting
would not be needed before 24 hours into the event. The use of the hydrogen
purge vent for containment pressure control is the responsibility of the
technical support center. The ASME Boiler & Pressure Vessel Code was used by
ABB-CE to determine the containment pressure that may be reached without
exceeding ASME Service Level C. ASME Service Level C loading conditions allow
material strains representative of incipient yield, assuming minimum material '

properties, and consequently provides a conservative estimate of the contain-
ment ultimate capacity. The pressure limits determined in accordance with

ASME Service Level C criteria decrease from about 1.0L MPa (145 psia) at an
average steel shell temperature of 143 *C (290 *F) to .g30 MPa (135 psia) at a
temperature of 232 *C (450 *F).

19.2.3.2 Severe Accident Progression

A description of the processes, both physical and cheriital, which may occur.
during the progression of a severe accident, and how these phenomena affect
containment performance, is provided in this section. This description is
intended to be generic in nature; however, many aspects of severe accident

phenomena depend on the specific reactor type or on the containment design
features. This information has been extracted from NUREG/CR-5132, " Severe
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drainage of molten materials to the vessel lower head region (dry core*

scenario)

formation of melt pool, natural circulation heat transfer, crusta

formation, and crust failure (wet core scenario)

lower head breach resulting from failure of a penetration, or from local*

or global creep-rupture

Decay heat produced by the core must be removed to achieve adequate core

cooling. Adequate core cooling can be accomplished in the System 80+ by

either providing enough cooling water flow to ghe reacto re ,y removing
thedecayheatthroughthesteamgenerators[ThemecNnismsbywhichdecay
heat is removed from the reactor core include a four-train SIS with direct
vessel injection, functionally interchangeable shutdown cooling and CSS, and.
SDS. Cooling water flow to the steam generators is provided by the main and
EFWS. If the decay heat is transferred to the containment from the core it
can be removed by containment heat removal systems such as the CSS and the
CCWS.

In the event of failure of all safety and non-safety systems to remove the
decay heat, the core will heat up to the point where damage to the fuel and i

fuel cladding may occur. Decay heat is transferred through the radiative,
conductive, and convective heat transfer to the steam, other core materials,
and non-fuel materials within the reactor. The insufficient cooling supply
results in coolant boiloff and a decreasing level within the reactor vessel as
the decay heat generation exceeds the heat removal rate. The coolant level

within the core further decreases such that the fuel rods above the coolant
level are only cooled by rising steam. The fuel' rods begin to overheat and'
cladding oxidation in the presence of steam begins at high temperatures. As
the cladding oxidizes in the presence of. steam, hydroba and additional heat -l
are generated. The fuel cladding is made of a zirconium alloy called
Zircaloy. The oxidation reaction of Zirconium cladding is as follows: i

'

!

2H O + Zr = 2H + Zr0 + 6700 J/g-Zr2 2 2

i
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The initial Zircaloy oxidation involves oxygen diffusion through a Zr02

surface layer. As the fuel rods continue to heat up from decay heat and
exothermic zirconium oxidation reaction occurs, the materials within the
reactor with low melting points are expected to melt first and may form
eutectics. Eutectics are mixtures of materials with a melting point lower
than that of any other combination of the same components. -

?

Zircaloy, with a melting point of 2030 knvers begins to melt, breaking
down tce protective Zr0 layer which exposes unoxidized Zircaloy. Following2

this, local melting of the fuel rods may cause changes in the core geometry
resulting in differing steam flow paths. This can lead to an increase in the
oxidation process as access to the unoxidized Zircaloy is made available; on
the other hand, the melt formation or changes in the steam flow path could
reduce the Zircaloy surface available for oxidation and thereby decrease the
overall reaction process. In some accident scenarios where residual amounts
of water remain in the bottom of the core and lower plenum, substantial
steaming and oxidation can take place.

In addition to oxidation, the potential exists for the zircaloy to interact
with the U0 fuel, forming low-melting point eutectics. Formation of2

eutectics may decrease the effective surface area for oxidation and overall
oxidation rate. The melting point of Zircaloy is dependent upon its state and
lattice structure. It has three melting points which include 2150 k
(beta-Zr), 2250 K (alpha-Zr(0)), and 2950 K (Zr0 ). When partially oxidized2

Zircaloy is in contact with U0, an alpha-Zr(0)/UO based eutectic will form2 2

with a liquefaction temperature of approximately 2170 K. Therefore, in the
presence of good fuel / cladding contact, fuel liquefaction and melt relocation
will commence around this temperature. This has the potential to affect the
oxidation behavior of Zircaloy based melt.

Various severe-fuel damage (SFD) test programs sponsored by the NRC indicate-
.

that oxidation of the Zircaloy is largely controlled by the availability of a
steam supply and that high rates of hydrogen generation can continue after ;

melt formation and relocation. Some of these experiments indicate that the
|

.

majority of the hydrogen generated occurred after onset of Zircaloy melting i

and fuel dissolution. In steam-rich experinients, oxidation took place over
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most of the fuel bundle length and most of the hydrogen is generated early.
For steam-starved experiments, oxidation was limited to local regions of the
fuel bundle and the majority of the hydrogen is generated after the onset of
Zr/UO liquefaction and relocation.3

, vlo ss, uT 2'H *
The System 80+ contains over kg(68r500lbs)ofzirconium n the active

eo
fuel region which has the potential to generate over 1140. kg ( lbs) of
hydrogen. Hydrogen production and accumulation may represent challenges to
the containment in numerous ways including deflagration, detonation, and
pressurization, as hydrogen gas is non-condensible. The System 80+
containment will be equipped with 80 hydrogen ignitors to consume hydrogen as
it is produced during a severe accident. Because of the large containment
volume, System 80+ is not threatened from pressurization of the containment
from generation of hydrogen gases. The resulting pressures are well below
ASME Service Level C iimits.

The SFD tests indicated the potential for incoherent melt-relocation due to
non-coherent temperatures within the test bundles. This is because of the
different core materials present with a wide range of melting points and
eutectic temperatures. Formation of eutectics would result in a nonuniform
melting and relocation process. Further differences in the melt-relocation
process can be attributed to asymmetric bundle heating which can increase due

'

to Zircaloy oxidation. This process begins when one area of the fuel bundle
is initially at a temperature higher than the other areas. The higher
temperature Zircaloy~will consume the available steam through oxidation at a
quicker rate. The oxidation reaction increases the hotter areas to even
higher temperatures, which further increases the oxidation rate and the local
temperatures. This autocatalytic nature of Zircaloy oxidation appears to
contribute to asymmetric bundle heatup and the potential for incoherent melt
relocation behavior.

.

As the temperature of the core increases, the fission product: are vaporized
and released. These fission products are then carried by_ steam and/or
hydrogen throughout the' primary system and are subject to deposition on the
surfaces of internal components. The deposition mechanisms include

condensation, gravitational settling and thermphoresis. The fission products,
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f failure, the composition, amount, and character of the molten core debris
expelled, the type of concrete used in containment construction, and the
availability of water to the reactor cavity. The initial response of the>

containment from ex-vessel severe accident progression is largely a function
of the pressure of the RCS at reactor vessel failure and the existence of
water within the reactor cavity. If not prevented by design features, earlyj
containment failure *mechanismshsually dominate risk consequences. f hue-T

% I mechanisms result from energetic severe accident phenomena such as high
#

pressure melt ejiction (HPHE) with direct containment heating (DCH) and ex-
vessel steam explosions. The long term response of the containment from ex-
vessel ::evere accident progression is largely a function of the containment
pressure and temperature due to core-concrete interaction and the availability
of containment heat removal mechanisms.

At high RCS pressures, the molten core debris could be ejected from the
reactor vessel in jet form causing fragmentation inte small particles, The
potential exists for the core debris ejected from the vessel to be swept out
of the reactor cavity and into the upper containment. Finely fragmented and
dispersed core debris could heat the containment atmosphere and lead to large
pressure spikes. In addition, chemical reactions of the core debris
particulate with oxygen and steam could add to the pressurization loads.
Direct attack on the steel shell is precluded in the System 80+ design because
the steel shell is either protected by concrete or the crane wall. This

|

severe accident phenomenon is known as high pressure melt ejection with DCH.
To prevent this phenomenon, the System 80+ design has incorporated a reliable
rapid depressurization system to provide assurance, that in the event of a
core melt scenario, that failure of the reactor vessel would occur at a low
RCS pressure. In the event that the reactor vessel was to fail at a high
pressure, the design of the System 80+ containment provides an indirect

,

|pathway from the reactor cavity to the upper compartments of containment in an

effort to decrease the amount of core debris that couTd contribute to DCH.

Reactor vessel failure at high or low pressure coincident with water present
'

within the reactor cavity may lead to fuel-coolant interactions with the
potential for rapid steam generation or steam explosions. Rapid steam

,

generation involves the pressurization of containment compartments from
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non-explosive steam generation beyond the capability of the containment to
relieve the pressure such that local overpressurization failure of the
compartment occurs. Steam explosions involve the rapid mixing of finely
fragmented core debris with surrounding water resulting in rapid vaporization
and acceleration of surrounding water creating substantial pressure and impact
loads. A.BB-CE has concluded that System 80+ is capable of withstanding the
loads from the most likely fuel-coolant interaction.

The eventual contact of molten core debris with concrete in the reactor cavity
will lead to core-concrete interaction (CCI). CCI involves the decomposition
of concrete from core debris and can challenge the containment in various
mechanisms, including: (1) pressurization due to the production of steam and
non-condensible gases to the point of containment rupture; (2) the transport
of high temperature gases and aerosols into the containment leading to high
temperature failure of the containment seals and penetrations; (3) containment
liner melt-through; (4) reactor support structures _(c.g., cerbch) melt-
through leading to relocation of the reactor vessel and tearing of containment
penetrations; and (S) the production of combustible gases such as hydrogen and'
carbon monoxide. CCI is affected by many factors including the availability
of water to the reactor cavity, the containment geometry, the composition and

amount of core melt, the core melt supegheat, and the type of concrete
involved.

The System 80+ design has several design features to mitigate the effects of
CCI. These include a CFS that can be supplied from the IRWST or externally
through the CSS, and limestone based concrete for the reactor cavity floor.
The CFS has been designed to provide water to assist in the cooling of core
debris before it enters the reactor cavity. The CSS is capable of providing
water, from the IRWST or through an external source, to control containment
pressurization. Water entering the containment from the CSS will gather in
the HVT where it can be directed to the reactor cavity by the CFS thereby
providing an external means of flooding the reactor cavity. The limestone
based concrete protects the containment liner from melt-through.

.
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The System 80+ core contains approximately 2h300 kg (59,000_lbs) of Zirconium
in the active fuel-clad region. Oxidation of this amount of Zirconium with
steam would produce $1','090 kg (2,400 lbs) of hydrogen. This amount of hydrogen

^

uniformly distrijgtgt,hrough out containment would result in a hydrogen
concentration of lih5 percent. Therefore, to comply with 10 CFR
50.34(f)(2)(ix), the System 80+ has been equipped with a hydrogen mitigation
system (HMS) composed of 80 shielded GMAC model 7G thermal igniter glow plugs.

The intent of the HMS is to ignite the hydrogen as soon as sufficient hydrogen
has accumulated to achieve a combustible mixture. This early combustion

p\ 4hetrhi limit the hydrogen concentration well below the 10 percent limit
referenced in the rule.

The efficiency of the GMAC model 7G thermal igniter has been investigated by
1

several experimental programs such as, The Nevada Test Site, The Hydrogen
Igniter Experimental Program at Lawrence Livermore National Laboratory, and
tests conducted by Fenwal, Incorporated. These programs showed that the glow
plug could effectively ignite hydrogen mixtures as low as 6 percent by volume
and that ignition above 8 percent by volume of hydrogen consistently resulted
in complete combustion. The Fenwal tests indicated that upward burns would

,

propagate at hydrogen concentrations as low as 4 percent by volume; at
6.5 percent by volume the burn will propagate sideways and at 8.5 percent by
volume the burn propagates in all directions. The results of various
experimental programs conducted at these and other facilities are summarized
in NUREG/CR-5079, " Experimental Results Pertaining to the Performance of
Thermal Igniters," (October 1989).

Tests of these igniters were conducted to support licensing of operating
reactors with ice condenser containments and Mark III containments. ABB-CE

has shown that this data base is directly applicable to the System 80+ design.
Therefore, it is the staff's position that, properly placed and powered, the
GMAC model 7G thermal igniter can maintain uniformly distributed hydrogen
concentrations below 10 percent.

In order to ensure a highly reliable HMS, two igniters have been supplied in
each subvolume in addition to adding igniters in the large upper region of the
containment. A subvolume is defined as a region which has some level of air
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flow restriction. The redundant igniters have been divided equally into two '

redundant groups, A and B.

Particular attention has been paid to providing a reliable power source to the
igniters for all possible conditions. All 80 igniters are capable of being
powered via offsite power and the emergency diesels. This is the same as all
operating plants that have igniters. However, ABB-CE has provided two
additional sources to assure that power is available at all times to the
igniters. The third source is a CTG N e fourth source is from batteries.
In case of SB0 sequences, 32 igniters can also be supplied power forYEI
4 hours by the Class IE division batteries. The HMS components are non-
nuclear safety related, since they are not required to prevent or mitigate the
consequences of a design basis accident, but are designed to sustain seismic
Category I loads,

, Q og au sno, do Ipkrdot c.dtna*4o; e cag c

wvA Na Amun s
Placement of the igniters was quite involved but always came down to the
critical question, "If one could develop a sequence where hydrogen could
either be generated in or pass through the volume in question, then ignit

should be provided." The starting point was the consideration.o8e\f6 series of co$~J.,ue wwana ce-4 n
analysesTperformed by ABB-CE using3MAAP{andthestaffusingCONTAIN. Resultsfe#q from these analyses were used to guide ABB-CE's placement of igniters.

# 4towaver, thav were -c 'y the -tartie nnin+

In combination with the analyses, one also considered the possible sources of
hydrogen. Two possible entry points were considered possible. Hydrogen-

generated in-vessel during a LOCA would be released directly into containment
through the line rupture. Therefore, igniters were placed above and in the
vicinity of all RCS primary piping and non-isolable connecting piping to
account for these hydrogen sources. The other and more dominant pathway is
associated with all transients with an intact primary system or small break
LOCAs. These conditions would direct hydrogen to the IRWST via the SDS.
Inside the IRWST, four igniters are located above the spargers,

kh f<eebeca3 rp
Any hydrogen not burned in the IRWST, because of steam inerting or a lack of

2oxygen to support combustion, would flow out of the IRWST through 18.6m
z(200 ft ) of vent area. The vents are located at the bottom of the SG
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that the test demonstrated a conservative depressurization rate. The observed
rate is well below the rate the staff believes would be necessary to consider |
the possibility of creating detonable mixtures. l

I
'

To further assure that rapid condensation will not occur in the System 80+
design, ABB-CE in Appendix A of the System 80+ Emergency Operating Guidelines

|
(E0Gs) states that only one containment spray train or a throttled spray train '

be activated when restoring sprays.

I

An additional consideration is the potential of generating significant
concentration gradients within the containment during the course of the event.
HDR experiments snowed significant mixing for low elevation release points.
Stratification, however, was observed for cases with an elevated release
point. Therefore, particular attention was given to high release points in
the System 80+ design.

The highest release point in the System 80+ would be from the pressurizer
through the pressurizer house. Two igniters have been placed inside the top
of the pressurizer housing and four more igniters are located outside the
pressurizer. Therefore, the staff does not expect significant stratification
within the System 80+ containment.

The HMS is designed to be manually actuated from the HCR. Actuation is

expected upon recognition of an uncovered core. The presence of an uncovered
core condition can be established by: (1) no liquid measurement in the upper
plenum, as noted by the lowest RVLMS sensors, (2) core exit temperature
readings above 700 *F which are indicative of superheat, and (3) SI
unavailable.

The hydrogen igniter system is designed to survive a severe accident
environment. This is accomplished by locating transf'ormers and power supplies
outside of containment and only having the igniter located within the g
containment. Power will be supplied to igniters via minaral insulated-saMes.

* g Caws avnactad te bc Scd fer-thHMS un1 be high t=perature-reinforced -

W nica,-overaM-glass braid-encased These-ca W S-are designed for operation
during a 45-minute continuous burn at 650 *C (1200 *F).
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The 10 CFR 50.34(f)(3)(v) requires containment integrity to be maintained
below ASME Service Level C Limits for steel containments during an accident

|that releases hydrogen generated from 100 percent fuel-clad metal-water
reaction. ABB-CE performed analyses, based on the methodology described in

CESSAR-DC Appendix 19.11E to determine the pressurization resulting from

adiabatic isochoric complete combustion of hydrogen produced by oxidizing
Wpercent of the System 80+ active fuel-clad material. This was assumed to {d )be a bounding approach.The maximum calculated containment pressure was less

than 102 psia which is below the ASME Service Level C stress intensity of
135 psia at a temperature of 232 *C (450 *F).

The staff concludes that the results of these analyses show that the design
satisfies this regulatory requirement.

19.2.3.3.1.2 Basis for Acceptability

The System 80+ design meets the requirements of SECY-90-016 and
!

10 CFR 50.34(f)(2)(ix) by providing a system for hydrogen control that
provides reasonable assurance that uniformly distributed hydrogen
concentrations inside containment will not exceed 10 percent. The System 80+

design is capable of withstanding the pressurization loadings associated with
the complete combustion of hydrogen produced by oxidizing 100 percent of the
active fuel-clad material as required by 10 CFR 50.34(f)(3)(v).

19.2.3.3.2 Core Debris Coolability '

i

Core debris coolability and quenchability have been the subject of extensive
research over the past decade; however, much uncertainty still exists relative
to this phenomenon which will most likely not be, resolved in the near future.
Due to this uncertainty, the NRC decided that the question is not whether
coolability or quenchability has been achieved or can'be achieved; but rather,
what is the impact on the containment design if they are not achieved.

CCI is a severe accident phenomenon that involves the melting and decom-

position of concrete in contact with molten core debris. This phenomenon may
occur following accident sequences which result in molten core debris
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process of core debris. The system would only be activated if corium melt-
through of the reactor vessel appears to be probable. Once activated, the
water is intended to flood the cavity floor before the core debris pours into |

the cavity. The water also cools and/or ccndenses gases evolved during CCI,
thereby limiting containment temperature and pressure increases, and scrubs
fission product releases. The CFS is discussed in CESSAR-DC Sections 6.8;
19.6.3.16, and 19.11.3.3.

The CFS consists of four 30cm (12 in.) diameter spillways from the IRWST to
the HVT and two 25cm (10 in.) diameter spillways that connect the HVT with the
reactor cavity. The CFS valves are located approximately 1.5m (5 ft) above
the basemat to avoid direct core debris attack. The HVT spillways and the
reactor cavity spillways are equipped with remote manually actuated motor
operated valves that are qualified for submerged operation. The CFS is
seismic Category I.

Each holdup volume flooding valve is powered from separate Class IE channels
and each cavity flooding valve is powered from separate Class IE divisions.
The Class 1E busses are normally supplied from offsite power sources. Upon

LOOP, power to the busses can be supplied by the Class IE emergency diesel
generators or the Class IE batteries. In addition, the CTG can power these
busses upon loss of all other ac power. Once the valves have been actuated,
movement of the water from the IRWST to the cavity occurs passively due to the
natural hydraulic driving heads of the system. Fully flooded, the reactor

@U~ cavity water level will be st4 east 5.2m (17 ft) above the reactor cavity
floor. The CFS has been designed to flood the reactor cavity to the 1.5m (5
ft) level in at least 30 minutes. The time to completely fill the reactor
cavity to the equilibrium elevation was calculated to be about 72 minutes with
two HVT spillway valves and one reactor cavity spillway valve open. The
maximum flood level was established to avoid contact _between the cavity flood
water and the ICI plates below the reactor vessel lowe'r head in case of an
inadvertent actuation of the CFS.

:

Accident management guidance indicates that the CFS will be actuated once a
potential core melt condition is iminent or has been diagnosed as being in
progress. Indications capable of diagnosing core uncovery include: (1) core
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exit thermocouple temperatures in excess of 650 *C (1200 'F), (2) reactor
vessel level monitoring system readings indicative of no liquid above the fuel
alignment plate, and (3) significant changes in readings of self-powered
neutron detectors.

The staff concludes that the CFS meets the criteria of SECY-93-087 relative to
providing a means to flood the reactor cavity to assist in the cooling process
of core debris.

19.2.3.3.2.1.3 Containment Spray System (CSS)

The CSS is a safety grade and seismic Category I system designed to reduce
containment pressure and temperature and remove iodine from the containment
atmosphere following a main steam line break, a LOCA, or a severe accident.

The CSS provides spray of borated water to the containment atmosphere from the
upper regions of the containment. The spray flow is provided by the
containment spray pumps which take suction from the IRWST. The CSS is

discussed in Sections 6.5 of the CESSAR-DC and Section 6.5 of this report.

The spray headers are located in the upper part of the containment building to
allow the falling spray droplets time to approach thermal equilibrium with the
steam-air atmosphere. Condensation of the steam by the falling spray results
in a reduction in containment pressure and temperature. The CSS is designed
to provide adequate cooling of the containment atmosphere to limit post-design-
basis accident building temperatures and pressures to less than the

2containment design values (3.7 x 10 kPa (53 psig) and 143 *C (290 'F)). h
-b5Eic acMmolutTxg Trred te shfthe containment atmosphere minimizes the

'

fission product iodine by the removal of iodine by the spray droplets.

CmTW w rStt~f flou W <dse b<- fWY
ThMpumpa-see=also-capaMe of-tekimf-4uc4 fen from an external source of 3 -

water via a " tee" connection. Water from the containm'ent sprays is collected
in the HVT. As described in Section 19.2.3.3.2.1.2 of this report, the CFS is .
designed to direct water from the HVT to the reactor cavity to assist in the
process of cooling core' debris.

!

i

i
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The staff concludes that the CSS is capable of reducing containment pressure
and temperature and provides another means of flooding the reactor cavity to
assist in the cooling process of core debris, as specified in SECY-93-087.

depenWing cm ik19.2.3.3.2.1.4 Sacrificial Limestone Based Concrete agaa saeth
gre. c a c; - c e 4 bd M * *

Limestone based concretes i: type of siliceeur concrett used in the

construction of nuclear power plants and is found throughout the United
States. This concrete melts over a rance of 1653 to 1873 K and typic:!!y

. c (G,.3 was cncop
behmen liberate $ to 35 weight-percent gand 4 to 5 weight-percent H,0,-upp
(4o4 30

U m'Ene I'%C"C"D-when heated ic aciting (NUREC/CR-544& .]kre\easca -
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In CESSAR-DC Section 19.11.3.6.2, ABB-CE indicated that the minimum distance

between the floor elevation and the embedded portion of the containment shell
is a minimum of 0.9m (3.0 ft) in the reactor cavity. Directly under the

reactor vessel this distance increases to a maximum of 1.5m (5 ft). An
additional 4.6m (15 ft) of concrete is available below the containment liner
elevation. The basemat will be constructed of either limestone-common sand or
limestone aggregate type concretes. Limestone based concrete was chosen
because of its superior resistance to ablation when compared to other commonly
used basemat materials such as basaltic concrete. This improved ablation
resistance allows ABB-CE to maintain containment integrity without further
increasing basemat thicknesses. The results of the analyses provided by ABB-
CE and the staff are provided in Sections 19.2.3.3.2.2.1/2 of this report,
respectively.

The staff concludes that the 0.9m (3.0 ft) layer of limestone concrete
provides sufficient protection for the containment liner and that the criteria
specified in SECY-93-087 relating to protecting the containment liner have
been met.

19.2.3.3.2.1.5 Reactor Vessel Support Structure

The limestone based coni: rete discussed above protects the containment liner

from core-concrete attack in the axial direction. Core-concrete attack in the
radial direction could impact the reactor cavity walls. The reactor cavity
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19.2.3.3.2.2.3 Conclusions

(This section will be updated to include the results of BNL analyses.)

The staff did not rely on any one specific sequence or scenario performed by
ABB-CE using the MAAP 3 code nor by the staff's contractor (Brookhaven
National-Laboratories) in determining whether the System 80+ met the criterion
in SECY-93-087 for ensuring that containment conditions do not exceed Service
Level C for approximately 24 hours. Rather, the staff evaluated the range of
results provided by these codes, with due consideration of the uncertainties
inherent within them, and the capability of the design to extend the time
period to containment overpressurization. The CFS and CSS are fundamental to
prolonging the period to containment overpressurization or melt-through of the
containment liner.

The staff concludes that the System 80+ design meets the criterion when credit
is given to the mitigation systems incorporated into the design, such as the
CFS and CSS.

19.2.3.3.2.3 Basis for Acceptability

(This section will be updated to include the results of the BNL analyses.)

The System 80+ has met the criteria of SECY-93-087 by (1) providing an
unobstructed reactor' cavity floor that promotes debris spreading; '

(2) providing a diverse and redundant means of flooding the cavity;
(3) providing at least a 0.9m (3 0 ft)_ layer of limestone based concrete to
protect the containment liner; (j) providing a robust reactor cavity; 2nd4

(4)--prov444Wa entaiment vent. Containment conditions resulting from CCI
can be maintained below Service Level C for 24 hour, through incorporation of

.

the above listed design features. '

19.2.3.3.3 High Pressure Core Melt Ejection (HPHE)
I

.

HPME and subsequent direct containment heating (DCH) is a severe accident

phenomenon that could lead to early containment failure with large radioactive
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likelihood that the valves will be available well into a severe accident, the
staff has concluded that the RDS valves will be available to depressurize the
RCS during a severe accident.

The design of the reactor cavity of the System 80+ is expected to decrease the
amount of ejected core debris that reaches the upper containment. This
decrease is anticipated through: (1) capture and trapping of some debris in
the reactor cavity; and (2) impaction and removal.of core debris as it is
transported between the reactor cavity and upper containment.

System 80+ is equipped with an offset core debris chamber designed to de-
entrain and trap the debris ejected during a reactor vessel breach. The

reactor cavity debris chamber and exit shaft have aen designed such that
following a failure of the reactor vessel, high inertia corium debris would

de-entrain and collect in the debris chamber while the lower inertia
steam / hydrogen / air mixture would negotiate a right angle turn and exit the I

reactor cavity via a convoluted vent path.

One possible pathway from the reactor cavity to the upper containment would be
the instrument shaft. To minimize the possibility of corium carryover, the
vertically oriented shaft has been provided with a limited gas venting area.
Analyses performed by ABB, based on models developed by Sandia, indicate that

only 10 percent of entrained corium could be expected to initially be carried
upward into the shaft. Finally, gas /corium outflow into the instrument shaft

is restricted by an instrument seal tableoAub 4 wA upe&S h gu gh% Jy ram.tn .
The reactor cavity entrance is a single stairway from the 91 feet 9 inch
elevation operating deck. This stairwell connects the upper containment with
the reactor cavity via a convoluted pathway"through an HVAC room. The staff
considers this pathway sufficiently torturous to contain ejected core debris
within the reactor cavity. '

19.2.3.3.3.2 Basis for Acceptability

In SECY-93-087, the staff recomended that the Comission approve the general
criteria that the evolutionary LWR designs provide a reliable depressurization
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(250 *F). This profile was used as the environmental condition associated
with a global burn of hydrogen generated by the equivalent of a 100 percent
metal water reaction.

The staff had several severe accident sequences analyzed with its computer
model, MELCOR, tt, confirm the ability of the computer model used b," ABB, >
MAAP 3, to predict the environmental conditions attendant with a severe
accident. Based on this confirmation, the staff concludes that the
environmental conditions predicted above by MAAP are acceptable approximations
of the environmental conditions for which mitigative features and
instrumentation, identified in this section, must survive.

19.2.3.3.6.2 Equipment and Instrumentation Necessary to Survive

ABB-CE identified the instrumentation and equipment required for severe
accident mitigation and recovery in Tables 19.11.4.4-1 and 2 of the CESSAR-DC.

The equipment listed is necessary to ensure that adequate inventory and heat
removal can be provided to the RCS, reactivity control can be maintained,
hydrogen can be N e h and containment heat removal via sprays is
functional . The list of equipment also includas the CFS and the containment
penetrations in the case of an ex-vessel event. The instrumentation was
chosen such that the operator could confirm and trend the results of actions-
taken and that adequate information would be available for those responsible
for making accident management decisions.

The instrumentation and equipment required for severe accident mitigation and
recovery will be demonstrated to operate in the applicable environment
described above in Section 19.2.3.3.6.2. The demonstration process used to
provide reasonable assurance that the instrumentation and equipment will
operate will include one or more of the following factors: limited time
period in or exposure to the environment, the use of similar equipment in
commercial industry exposed to a similar environment, the use of analytical
extrapolations, the use of vendor performance data, the use of procurement
specifications imposed on the vendor, or the results of tests performed in the
nuclear industry or at independent laboratories.
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i In assessing the probability of containment failure, two alternatiye

1 j definitions of containment failure were considered: (1) loss of co nment siwt \3' st-e tuml-4nterity; and (2) releases which result in significant offsite
' doses. Using the dose definition of containment failure the CCFP for theeY %v w

g g@
System 80+ is approximately 3 percent while using the stiudui el integrity

j ;% definition of containment failure results in a CCFP of approximately
4- Ej 11 percent, which is slightly higher than the goal. Section 19.1.3.2.1 of

.

N k this report provides the results of the CCFP analyses and concludes that
-3 1

j3 because of the approximate nature of the containment performance goal, the

Ua 4 recognition that PRA results, particularly bottom line numbers, contain
M considerable uncertainties, and the fact that the majority of containment

d failures reflected in the 11 percent CCFP estimate are late, conta[nmeg g
-c f, $ basemat melt-through? rather than releases to the atmosphere, AthhSystem80+v +
2 'S 3 design meets the Commission's containment performance goal.
3d3

FT
19.2.5 Accident Managementgj

Accident management (AM) encompasses those actions taken during the course of
an accident by the plant operating and technical staff to: (1) prevent core
damage; (2) terminate the progress of core damage if it begins and retain the
core within the reactor vessel; (3) maintain containment integrity as long as
possible; and (4) minimize offsite releases. AM, in effect, extends the
defense-in-depth principle to plant operating staff by extending the operating
procedures well beyond the plant design-basis into severe fuel damage regimes,
and by making full use of existing plant equipment and operator skills and '

creativity to terminate severe accidents and limit offsite releases.

Based on PRAs and severe accident analyses for the current generation of
operating plants, the NRC staff concluded that the risk associated with severe .
accidents could be further reduced through improvements to utility accident
management capabilities. Although future reactor designs such as System 80+
will have enhanced capabilities for the prevention and mitigation of severe
accidents, accident management will remain an important element of defense-in-
depth for these designs'. However, the increased attention on accident preven-
tion and mitigation in these designs can be expected to alter the scope,
focus, and overall importance of accident management relative to that for

.
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" dry" cavity severe accident sequences. Therefore, the failure of EPAs
is considered to be remote by ABB-CE.

For the mechanical penetrations, ABB-CE stated that the onset of rapid
failure of seals was above 329.4 *C (625'F) provided the seal was
constructed from either a ethylene-propylene (EP), neoprene, or -

silicone. Seal failure was defined as the inability of the seal to
maintain a high (approximately 1135.56 kPa (150 psig)) containment
pressure. Gradual degradation of these seals were noted at the
temperature in the 148.8 to 204.4 *C (300 to 400 'F) range. The typical
EP seals will require more than 20 hours to fail when subjected to a
sustained period of high temperature exposure. Silicone based seals
provide for even longer high temperature stability. The capability of
either sealant material is sufficient to guarantee containment integrity
for periods of more than 1 day for all " wet" cavity sequences. These
sequences comprise more than 90 percent of the severe accident
transients. Analyses performed by the staff using the MELCOR computer
model showed that the temperatures do not exceed 260 *C (500 *F) for dry
cavity sequences in the first 24 hours.

CESSAR-DC Section 19.11.3.1.4 states that the intent of the penetration
seal design is to ensure that the selected seal and mounting will
provide a minimum of I day containment integrity. This intent will be
accomplished by a combination of selecting high quality and high
capability seals, protectively mounting the seal so that it is not
directly exposed to the containment environment, and providing double
seals (inner and outer) whenever possible. This is judged by the staff

D to be achievable based on the current penetration design and is,
therefore, acceptable.

t

f ABB-CE states that as a consequence of ABB-CE dssign philosophy for the
System 80+, seal failures will not cause a failure of the containment
prior to 24 hours and that for all " wet" cavity sequences the seal

l capacity is highe'r the containment capacity. Dry containment sequences

j that do not result 3 containment overpressure are assumed to fail due
to temperature degradation of the seals. In order to estimate the
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consequences of a containment seal failure, the seal leakage area was !

estimated by ABB-CE to be 92.9 cm2 (0.1 fta), |
|

!

The staff considers the treatment of penetration seals acceptable under I

severeaccident.[ABB-CEincorporatesitsleakageareaestimateasa)
-

- g
m(function of internal pressure in its MAAP analysisj The staff reviews

ABB-CE's source term estimates in Section 19.2.3.3.6 of this report.

19.2.6.5 Conclusion

The staff concludes that the design of the steel containment under severe
accident phenomenology will meet the deterministic containment performance
goals of SECY-90-016. The conclusion is based on: (1) the evaluation of
capacity using ASME Code Level C Service Limit and a 3-D finite element model
analysis, (2) the realistic to pessimistic failure probability assessments for
various pressure ranges, and (3) the due consideration of the effects of any
potential localized leakage from thermal buckling at the transition area, at
the penetrations, and at penetration seals.

The median pressure capacity should ensure that the containment would provide
a reliable barrier against uncontrolled release of fission products as long as
the internal pressure generated by severe accident events does not exceed
1185.89 kPa (172 psia) at 143.3 *C (290 'F) or 1103.16 kPa (160 psia) at

232.2 *C (450 'F). On this basis, the staff considers that localized leakage
from thermal buckling at the transition area, from the penetrations, and from
penetration seals are duly accounted for.

Comparison of the current PRA fragility values from the linear approximation
to the fragility curve obtained from the combined beta method based on the
lognormal distribution shows that both methods achieve reasonable results.
The linearly fitted fragility curve for PRA is acceptable because the net
effect of using the linearly fitted fragility curve is to produce higher DCH
conditional containment failure probabilities compared to the combined beta
method. This is conservative and acceptable.
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close the containment hatch in the los of shutdown cooling event in Mode 5
other than reduced inventory operations.

The staff finds that ABB-CE's approach for the containment closure in Mode 5
other than reduced inventory operations acceptable and that ABB-CE has
appropriately addressed concern in NUREG-1449. -

19.3.7 Shutdown Risk Insights

The staff reviewed ABB-CE's shutdown risk PRA for the System 80+ design. The
study addressed CDF from internally initiated events in Modes 3, 4, 5 and 6;
and vulnerabilities while operating the plant in modes other than full power.
The staff also considered human reliability insights, important human actions,
insights from uncertainty, importance, and sensitivities analyses. Details of
the PRA insights for System 80+ are discussed in CESSAR-DC Chapter 19 and
Section 19.1.5 of this report.

The fundamental conclusion of the staff evaluation of the PRA-based insights
for System 80+ shutdown operation is thht there are no significant
vulnerabilities that would require design changes. The following are
considered important shutdown risk insights for the System 80+ design:

During plant shutdown, risk can be minimized by appropriate outage*

management, administrative controls, procedures, training, and operator
knowledge of plant configuration. This issue is Section 19.3.5 of this
report.

During plant shutdown, the integrity of fire protection and flood*

barriers between areas in the same division, such as quadrants, where
systems comprising the alternate shutdown success paths are located,

s%/1r.
should be maintained. This issue is * COL actio'n item r hich-wlM -be-w

. documented in-the-f4eoding-and-fire-protect 4on -and-will be provided-atr

a=lateredate.
.
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modifications evaluated would be cost-effective given the low residual risk
for the System 80+, and the $1000 per person-rem criterion.

The staff has considered the robustness of this conclusion relative to a
number of critical assumptions in the analysis as described below. These i

involve: the effect of uncertainties in estimating core damage frequency, the
use of alternative cost / benefit criterion, and the inclusion of external

, events within the scope of the analysis.
I
i

| Based on uncertainty analyses performed by ABB-CE for the Level 1 portion of

f the PRA (see Section 19.1.3.1.3 of this report), the 95th percentile core
| damage frequency is approximately 5E-6 per reactor year. This is about a

factor of 3 higher than the mean value on which the cost / benefit analysis is
based, but still very low both compared to operating plants and in absolute
terms. Even if the benefits of the various design improvements were
requantified on the basis of this upper bound value, none of the improvements
would become cost beneficial. This would remain the case even if the
cost / benefit criteria was also increased by a factor of 10 to $10,000 per

)person-rem averted.

If external events are included, the estimate of System 80+ risk could be one
sbepossiblyntwoor4ars of magnitude higher than considered in this analysis. [ar k 1

|

However, even assuming the higher risk estimate and complete elimination of
all risk, any design modifications or combinations which cost more than |

$1.7 million dollars would not be cost effective. Based on ABB-CE analysis,
those modifications which were estimated to cost less than $2 million dollars
have a relatively low risk reduction potential, and would generally eliminate
only about 10 percent of the residual risk from internal events. The lower
cost improvements are also not expected to be effective in eliminating most of
the added risk from seismic events. As a result, none of-these improvements
are expected to be cost effective when their actual efTectiveness in reducing
risk is taken into account.

{
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reduced. This is true for both internally- and externally initiated events.
For example, the System 80+ seismic design basis (0.3g SSE) has been shown to

result in significant ability to withstand earthquakes well beyond the design
basis, as characterized b a high confidence with low probability of failure

f |,o.
(HCLPF) value of about Moreover, with the features already incorporated I.

in the System 80+ design, the ability to estimate core damage frequency and
risk approaches the limitations of probabilistic techniques. Specifically,
when core damage frequencies of one in a hundred thousand or a million years ;

are estimated in a PRA, it is the areas of the PRA where modelling is least ;

complete, or supporting data is sparse or even non-existent that could
-

'

actually be the more important contributors to risk. Areas not modelled or
incompletely modelled include human reliability, sabotage, rare initiating
events, construction or design errors, and systems interactions. Although
improvements in the modelling of these areas may introduce additional

contributors to core damage frequency and risk, the staff does not expect that
they would be significant in absolute terms.

10 CFR 50.34(f)(1)(i) requires an applicant to perform a plant / site specific
probabilistic risk assessment, the aim of which is to seek such improvements
in the reliability of core and containment heat removal systems as are
significant and practical and do not impact excessively on the plant. The

staff concludes that the System 80+ PRA, and ABB-CE's use of the insights of
this study to improve the design of the System 80+ meets this requirement.
The staff concurs with ABB-CE conclusion that none of the potential design
modifications evaluated are justified based on cost-benefit considerations.
It is further concluded that it is unlikely that any other design changes
would be justified on the basis of person-rem exposure considerations, because
the estimated core damage frequencies would remain very low on an absolute
scale.

l
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,

1
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19.A.1 Closure of DSER Open Items j

In preparing the DSER for the System 80+ PRA, the staff identifie xx, pen
items. ABB-CE provided responses to all DSER items. The staff re ewed
ABB-CE's responses and in many cases resulted in request for additional
information. The review by the staff-of ABB-CE's responses to the DSER open
items, including responses to follow-on questions, found that the applicant
satisfactorily addressed these issues. Therefore, the staff considers all
open items raised in the DSER to be resolved. The DSER open item closure is

1summarized below.

Open Item 19.1.1.1-1: At the time the DSER was prepared the applicant was
updating its IRWST design. For the DSER item, the staff stated that the PRA
will be revised by ABB-CE to reflect the design change and that the staff will
re-evaluate the possibility of an unisolable IRWST leak due to a pipe break
The applicant used the final IRWST design in the PRA-based seismic margins
analysis. The staff review found ABB-CE's mcdel of an unisolable IRWST leak
to be acceptable.

Open Item 19.1.2.1.1.2-1: The staff requested ABB-CE to evaluate the
potential impact of failure to open of one or more primary safety valves
(PSVs) to prevent RCS overpressurization following an ATWS event. This

evaluation was needed to determine the success criterion regarding the number
of PSVs that must open to achieve successful RCS pressure relief during an
ATWS event. In response to this open item the applicant performed a series of
ATWS transient analyses to evaluate the System 80+ response to an ATWS event

as a function of the moderator temperature coefficient (MTC) and the number of
PSVs that must open to mitigate the pressure transient. The results of these
analyses, in conjunction with other ABB-CE analyses to determine the level C
stress limit pressure (i.e., the pressure level above which RCS integrity, or
the operability of the systems needed for safe shutdown, can be jeopardized),
were used to determine the number of PSVs that must open assuming different
MTC values. To account for uncertainties in the deterministic "best estimate"

,

analyses, and for PRA modeling purposes only, it was conservatively assumed ,

that the level C stress limit pressure is 3200 psia. The applicant modified ;

)

.
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Qpen Item 19.1.2.1.2.2-1: A number of concerns were identified in the DSER
regarding the validity of several of the PDS deletion rules. In response to

this open item, the applicant changed the deletion rules in question and
corrected other inconsistencies discussed in the DSER. The changes were
reflected in the updated PRA, and resolve the concerns identified in the
staff's earlier review. -

!

|
Open Item 19.1.2.1.2.3-1: Some of the parameters that are important to
defining fission product release (e.g., release point) were included in the|

PDS definition, but were not included in the containment event tree or the
release class definition. As a result, POSs with significantly different
in-vessel releases to containment could be grouped in the same release class.
In response to this concern, the applicant revised the CETs and the related
supporting logic models to include top events for fission product scrubbing
for the various release paths (e.g., in-vessel and vaporization releases).
Although there are still parameters that are important to fission product
releases that are not included in the CET top events (e.g., the RCS leakage

4

rate, which affects fission product deposition in the RCS), the staff
concludes that these changes acceptably resolve the concerns raised in the
earlier review.

Open Item 19.1.2.1.2.3-2: In the DSER the staff noted that several of the |g
YCET end states in the original PRA were necessary because they were physically

impossible, and that certain additional end-states may be needed. In response

to this item, the applicant corrected the CET to eliminate physically
impossible end states, and added additional end states to cover outcomes not
originally modelled. Based on a review of the updated CETs, the staff
concludes that the problems noted with the original CETs have been eliminated.

Open item 19.1.2.1.2.4-1: The frequency of containment isolation failure in
the System 80+ PRA was taken directly from WASH-1400. In response to staff
concerns regarding the applicability'of this value to the System 80+ design,

.

'

the applicant performed a plant-specific assessment of the probability for
containment isolation failure due to piping penetration failure. The
contribution to containment isolation failure from other important
penetrations, such as electrical penetrations, equipment hatch, and personnel
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failure (see Open Item 19.1.2.1.2.4-11). The staff has reviewed these revised
models and the associated containment failure probability values and finds

1

them to be acceptable.

Open Item 19.1.2.1.2.4-11: The potential for localized containment failure
due to degradation of penetration materials at elevated temperatures was.not .

l

modelled in the original PRA, but has been factored into the updated PRA. The |
|

probability of a containment penetration failure (under dry cavity conditions) |
l

is assumed to be IE-3 in the updated model. A low probability of penetration |

failure will be assured by a comitment under D-RAP that penetrations will be |
designed and sealant materials will be selected to ensure that the seal and I
mounting will provide c minimum of I day containment integrity. The staff !

concludes that the applicant's treatment of this issue acceptably resolves

thisissue[raisedintheDSER.

Open item 19.1.2.1.2.4-12: In the original PRA, the applicant assumed that
once the reactor cavity was flooded the core debris would be coolable and CCI
would terminate in the cavity. Since experimental studies indicate that CCI
can continue despite the existence of an overlying water pool, the staff
questioned the validity of this assumption. In response to this item, the
applicant revised the CCI model in the updated PRA. For the base case

analysis in the updated PRA, the applicant assumed a 50 percent probability of
achieving debris coolability given a wet cavity. The updated PRA also
considers the potential for basemat melt-through in wet cavity cases, and
assigned a 1 percent' probability to this failure mode on the basis of high
heat transfer rates to the water. The impact of these assumptions on PRA ;

results was separately determined via sensitivity analyses. The staff
concludes that the applicant's modelling changes and supporting analyses

Iadequately address the concerns raised in the DSER.
|
(

Open item 19.1.2.1.2.4-13: In the original PRA a complete basemat melt- !

through to the underlying stone or soil was assumed to not result in an
atmospheric release and was treated as a "no containment failure" case. Since ]
the consequences from this case would not be the same as a containment failure
case, the staff requested the applicant to provide a further evaluation of the
fission product releases associated with basemat melt-through and, if

1
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fonfirmatory item 19.1.2.1.1.2-1: The staff requested documentation showing
that with no secondary cooling and no SITS, a single SIS pump can prevent core
damage during a medium LOCA. ABB-CE performed a transient analysis using the
MAAP computer code and showed that this statement is accurate.

Confirmatory Item 19.1.2.1.1.2-2: The staff requested that the success
criterion for aggressive secondary cooldown (ASC) during a small LOCA (i.e.,
the criterion that "all four SITS must inject borated water into the RCS
during depressurization") be modeled in the fault trees. The applicant added
th's in the appropriate fault tree.

Conft.matory Item 19.1.2.1.1.3-1: The staff noticed that the event " failure
of a primary safety valve (PSV) to reseat after opening was not modeled in the
event trees developed for loss of main feedwater and "other transients (these '

events ':ould oe equivalent to small LOCAs). In the revised PRA, ABB-CE

modifieo the affected event trees in accordance with the results of applicable
transient analyses.

|
|

Confirmatory item 19.1.2.1.1.3-2: The : quested that ABB-CE reports
separately the station blaci.out (5B0) cuu_.., from the rest of the LOOP
cutsets (the concern was whether any important SB0 sequences have been

,

'

ioverlooked given that the staff was able to identify one missing cutset). A
i detailed breakdown of the LOOP cutsets into blackout and non-blackout cutsets

was presented in ABB-CE Letter LD-92-113.

Confirmatory Item 19.1.2.1.1.3-3: The staff noticed that an important station
blackout cutset was missing. This involved LOOP, followed by common-cause
failure of the diesel generators and common-cause failure of the turbine-

4

driven EFW pumps. This was included in the revised PRL i

Confirmatory Item 19.1.2.1.1.4-1: The staff was unabl5 to solve 2 of 67 top i

level-funct; onal fault trees using the IRRAS computer code. The applicant
,

finvestigate these two fault trees and supplied new versions to the staff along
with a discussion of wha't was changed and what effect this had on the risk

p profile.

| |
)!
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