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1.0 Introduction

| This document provides the certified design material for the Advanced Boiling Water i

Reactor (ABWR); U.S. NRC Docket No. STN-52401. i
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'1.1 Definitions

The following definitions apply to terms used in the Design Descriptions and associated
'

ITAAC-
|

Acceptance Criteria means the performance, physical condition, or analysis results for
a structure, system, or component that demonstrates the Design Commitment is met.

Analysis means the calculation, mathematical computation, or engineering or technical
evaluation. Engineering or technical evaluations could include, but are not limited to,
comparisons with operating experience or design of similar structures, systems, or
components.

As-built means the physical properties of the structure, system, or component following
the completion ofits installation or construction activities at its finallocation at the
plant site.

Basic Configuration (for a Building)- means the arrangement of the building features |
(e.g., floors, ceilings, walls, basemat and doorways) and of the structures, systems, or
components within, as specified in the building Design Description.

,

Basic Configuration (for a System)- means the functional arrangement of structures,%

systems, and components specified in the Design Description; and verifications for that '

system as specified in Section I.2.

Containment means the Primary Containment System, unless explicitly stated
otherwise.

Design Commitment means that portion of the Design Description that is verified by
ITAAC.

Design Description means that portion of the design that is certified.

Division (for electrical systems / equipment) is the designation applied to a given safety-
related system or set of components which are physically, electrically. and functionally ,

independent from other redundant sets of components.

Division (for mechanical systems / equipment) is the designation applied to a specific set
of safety-related components within a system.

Inspect or Inspection means visual observations, physical examinations, or review of
records based on visual observation or physical examination that compare the structure, '

system, or component condition to one or more Design Commitments. Examples
include walkdowns, configuration checks, measurements of dimensions, and non-
destructive examinations.

Definitions 1.1- 1
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Test means the actuation or operation, or establishment of specified conditions, to
evaluate the perfonnance e:r integrity of as-built sin 2ctures, systems, or components,
unless explicitly stated otherwise.

Type Test means a test on one or more sample components of the same type and
manufacturer to qualify other components of that same type and manufacturer. A type
test is not necessarily a test of the as-built stnictures, systems, or components.

,

O
4

|

@

1.1-2 Definitions
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1.2 General Provisions

The following general provisions are applicable to the Design Descriptions and
associated ITAAC- ;

Verifications for Basic Configuration for Systems
Verifications for Basic Configuration of systems include and are limited to inspection of
the system functional arrangement and the following inspections, tests, and analyses:

(1) Inspections, including non-destructive examination (NDE), of the as-built,
pressure boundary welds for ASME Code Class 1,2, or 3 components
identified in the Design Description to demonstrate that the requirements of
ASME Code Section III for the quality of pressure boundary welds are met.

!

| (2) Type tests, analyses, or a combination of type tests and analyses of the Seismic
Category I mechanical and electrical equipment (including connected i

instrumentation and controls) identified in the Design Description to '

demonstrate that the as-built equipment, including associated anchorage, is
qualified to withstand design basis dynamic loads without loss ofits safety
function.

s
(3) Type tests, or type tests and analyses, of the Class IE electrical equipment

identified in the Design Description (or on accompanying figures) to
demonstrate thatit is qualified to withstand the emironmental conditions that
would exist during and following a design basis accident without loss ofits
safety function for the time needed to be functional. These emironmental
conditions, as apphcable to the boundiug design basis accident (s), are as
follows: expected time-dependent temperature and pressure profiles,
humidity, chemical effects, radiation, aging, submergence, and their
synergistic effects which have a significant effect on equipment performance.
As used in this paragraph, the term " Class IE electrical equipment" constitutes
the equipment itself, connected instrumentation and controls, connected t

electrical components (such as cabling, wiring, and terminations), and the
lubricants necessary to support performance of the safety functions of the
Class 1E electrical components identified in the Design Description, to the
extent such equipment is not located in a mild emironment during or
following a design basis accident.

Electrical equipment emironmental qualification shall be demonstrated
through analysis of the emironmental conditions that would exist in the
location of the equipment during and following a design basis accident and
through a determination that the equipment is qualified to withstand those

-

General Provisions 1.2- 1
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conditions for the time needed to be functional. This determination may be

demonstrated by:
!

(a) Type testing of an identical item of equipment under identical or similar
conditions with a supporting analysis to show that the equipment is j|
qualified; or

(b) type testing of a = . r item of equipment under identical or similar !

conditions with a porting analysis to show that the equipment is
qualified; or <

|

(c) experience with identical or similar equipment under identical or !

similar conditions with supporting analysis to show that the equipment
is qualified; or

|

(d) analysis in combination with partial type test data that supports the ,

analytical assumptions and conclusions to show that the equipment is |

qualified.

(4) Tests or type tests of active safety-related motor-operated valves (MOVs) j
identified in the Design Description to demonstrate that the MOVs ale j

qualified to perfonn their safety functions under design basis differential
pressure, system pressure, fluid temperature, ambient temperature, minimum
voltage, and minimum and/or maximum stroke times.

Treatment of Individualitems
The absence of any discussion or depiction of an item in the Design Description or
accompanying figures shall not be construed as prohibiting a licensee from utilizing
such an item, unless it would prevent an item from performing its safety functions as
discussed or depicted in the Design Description or accompanying figures.

When the term " operate", " operates", or " operation"is used with respect to an item
discussed in the Acceptance Criteria,it refers to the actuation and running of the item.
When the term " exist", " exists", or " existence" is used with respect to an item discussed

in the Acceptance Criteria, it means that the item is present and meets the Design
Description.

Implementation of ITAAC
Inspections, Tests, Analyses, and Acceptance Criteria (ITAAC) are provided in tables
with the following three-column format-

Design Commitment inspections, Tests, Analyses Acceptance Criteria

Each Design Commitment in the left-hand column of the ITAAC tables has an
associated Inspections, Tests, or Analyses (ITA) requirement specified in the middle

L2-2 General Provisions
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column of the tables. The identification of a separate ITA entry for each Design |

Commitment shall not be construed to require that separate inspections, tests, or
analyses must be performed for each Design Commitment. Instead, the activities i

associated with more than one ITA entry may be combined, and a single inspection, test,
or analysis may be sufficient tc implement more than one ITA entry. ,

An ITA may be performed by the licensee of the plant, or by its authorized vendors,
contractors, or consultants. Furthermore, an ITA may be perfonned by more than a

'

single individual or group, may be implemented through discrete activities separated by
time, and may be performed at any time prior to fuel load (including before issuance
of the Combined Operating License for those ITAAC that do not necessarily pertain to

| as-installed equipment). Additicnally, ITA may be performed as part of the activities
that are required to be performed under 10CFR Part 50 (including, for example, the
Quality Assurance (QA) program required under Appendix B to Part 50); therefore, an

,

ITA need not be performed as a separate or discrete activity.

Discussion of Matters Related to Operations

In some cases, the Design Descriptions in this document refer to matters that relate to
operation, such as normal valve or breaker alignment during nonnal operation modes.

( Such discussions are provided solely to place th . sign Description provisions in
\ context (e.g., to explain automatic features for opening or closing valves or breakers

upon off-normal conditions). Such discussions shall not be construed as requiring
operators during operation to take any particular action (e.g., to maintain valves or
breakers in a particular position during normal operation).

Interpretation of Figures
In many but not all cases, the Design Descriptions in Section 2 include one or more
figures, which may represent a functional diagram, general structural representation, or
other general illustration. For I&C systems, the figures also represent aspects of the
relevant logic of the system or part c,f the system. Unless specified explicitly, these
Figures are not indicative of the scale, location, dimensions, shape, or spatial
relationships of as-built structures, s'.,' stems, or components. In particular, the as-built
attributes of stmetures, systems, and components may vary from the attributes depicted
on these figures, provided that those safety functions discussed in the Design
Description pertaining to the figure are not adversely affected.

Rated Reactor Core Thermal Power
The rated reactor core therms.1 power for the ABWR is 3926 Mw .t

\

General Provisions 1.2 34
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2.0 Certified Design for ABWR Systems

|

| This section provides the certified design material for each of the ABWR systems that is |
'

either fully or partially within the scope of the Certified Design.

I

h

L

i
,

,
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2.1.1 Reactor Pressure Vessel System

Design Description

The Reactor Pressure Vessel (RPV) System consists of (1) the RPV and its i

appurtenances, supports and insulation, excluding the Loose Parts Monitoring System,
and (2) the reactor internal components enclosed by the vessel, excluding the core
(fuel assemblies, control rods, in-core nuclear instrumentation and neutron sources),
reactor internal pumps (RIPS), and control rod drives (CRDs). The RPV System is

'

located in the primary containment.

The reactor coolant pressure boundary (RCPB) portion of the RPV and its
appurtenances (refe:Ted to in this section as the RPV pressure boundary) act as a

,

radioactive material barrier during plant operation. |

Certain reactor internals support the core, flood the core during a loss-of<oolant
accident (LOCA) and support safety-related instrumentation. Other RPV internals
direct coolant flow, separate steam, hold material surveillance specimens, and support
instrumentation utilized for plant operation.

The RPV System provides guidance and support for the CRDs. It also distributes sodium

pentaborate solution when injected from the Standby Liquid Control (SLC) System.
t

The RPV System restrains the CRD to prevent ejection of the control rod connected
with the CRD in the event of a failure of the RCPB associated with the CRD housing
weld. A restraint system is also provided for each RIP in order to prevent the RIP from
becoming a missile in the event of 7 %1ure of the RCPB associated with the RIP casing
weld.

The RPV System is shown on Figures 2.1.la,2.1.lb and 2.1.1c; key dimensions and the
acceptable variations in these dimensions are presented in Table 2.1.la. The RPV

,

System parameters (break areas) used in LOCA analyses are identified in Table 2.1.lb.
The principal design parameters for the RPV System are listed in Table 2.1.lc.

Reactor Pressure Vessel, Appurtenances, Supports and insulation
,

The RPV, as shown in Figures 2.1.la and 2.1.lb,is a vertical, cylindrical vessel of welded
construction with removable top head and head closure bolting and seals. The main
body of the installed RPV has a cylindrical shell, flange, bottom head, RIP casings,
penetrations (including inserted housings), brackets, nozzles, and the shroud support,
which has a pump deck forming the partition between the RIP suction and discharge.
The shroud support is an assembly consisting of a short vertical cylindrical shell, a '

horizontal annular pump deck plate and vertical shroud support legs.

Reactor Pressure Vessel System 2.1.1-1 i
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The CRD housings are inserted through and welded to the CRD penetrations in the
'

reactor vessel bottom head. The CRDs are mounted into the CRD housings. The in-core

housings are inserted through and connected to the bottom head.
,

,

For an RPV System that requires to be instrumented for flow-induced vibration (FIV) .

testing, a flanged nozzle is provided in the top head for bolting of the flange associated
with the test instrumentation.

The integral reactor vessel skirt supports the vessel on the Reactor Pressure Vessel
Pedestal. The vessel skirt does not have openings connecting the upper and lower :

'

dr>well regions. Anchor bolts extend from the pedestal through the flange of the skirt.
RPV stabilizers are provided in the upper portion of the RPV to resist horizontalloads.
Lateral supports for the CRD housings and in-core housings are prodded.

A restraint system is provided to prevent a RIP from being a missile in case of a
postulated failure in the casing weld with the bottom head penetration. The restraint
system is connected to the lugs on the RPV bottom head and the RIP motor cover.

The RPV insulation is supported from the reactor shield wall surrounding the vessel.
Insulation for the upper head and flange is supported by a steel frame independent of
the vessel and piping.

The RPV pressure boundary and the supports (RPV skirt, stabilizer and CRD
housing /in-core housing lateml supports) are classified as Seismic Category 1. These
components are ASME Code Class 1 vessel and supports, respectively. The shroud
support and a portion of the CRD housings inside the RPV are classified as Seismic
Category I and ASME Code Class CS structures.

The following ASME materials (or their equivalents) are used in the RPV pressure
boundary- SA-533, Type B, Class I (plate); SA-508, Class 3 (forging); SA-508, Class 1
(forging); SB 166 (UNS N06600, bar); SB-167 (UNS N06600, seamless pipe); SB-564
(UNS N06600, forging); SA-182 or SA-336, Grade / Class F316L (maximum carbon
0.020%, forging) or F316 (maximum carbon 0.020% and nitrogen from 0.060 to
0.120%, forging); and SA-540, Grade B23 or B24 (bolting).

A stainless steel weld overlay is applied to the interior of the RPV cylindrical shell and
the steam outlet nozzles. Other nozzles and the RIP motor casings do not have cladding.
The bottom head is clad with NiCr-Fe alloy. The RIP penetrations are clad with Ni-Cr-
Fe alloy or, alternatively, stainless steel.

The matelials of the low alloy plates and forging used in construction of the RPV l

pressure boundary are melted using vacuum degassing to fine grain practice and are
supplied in quenched and tempered condition.

I
,

2.1.1-2 Reactor Pressure vesselSystem
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Electroslag weld.ing is not applied for the RPV pressure boundary welds. Preheat and
interpass temperatures employed for welding of the RPV pressure boundary low alloy
steel meet or exceed the values given in ASME Ccde Section III, Appendix D. Post-weld
heat treatment at 593 C minimum is applied to these low-alloy steel welds.

The RPV pressure boundary welds are given an ultrasonic examination in addition to
the radiographic examination perfonned during fabrication. The ultrasonic
examination method, including calibration, instrumentation, scanning sensiti ity, and ;

coverage, is based on the requirements imposed by ASME Code Section XI, Appendix
I. Acceptance standards also meet the requirements of ASME Code Section XI.

The fracture toughness tests of the RPV pressure boundary ferritic materials, weld metal
and heat-affected zone (HAZ) are performed in accordance with the requirements for :

ASME Code Section III, Class 1 vesse!. Both longitudinal and transverse specimens are ,

used to determine the minimum upper-shelf energy (USE) level of the core beltline |

materials. The minimum USE level for base and weld metal in the core beltline is
initially at least 10.4 kg-m. Separate, unirradiated baseline specimens are used to
determine the transition temperature curve of the core beltline base materials, weld
metal, and HAZ, |

For the RPV material surveillance program, Charpy V-notch and tensile specimens are
manufactured from the same material used in the reactor beltline region. To represent

those RPV pressure boundary welds that are in the beltline region, Charpy V-notch
'

specimens of weld metal and HAZ material, and tensile specimens of weld metal are
manufactured from sample welds. The specimen capsules contain the specimens and
temperature monitors. The surveillance specimen holders hasing brackets welded to
the vessel cladding in the core beltline region are provided to hold four specimen
capsules and a neutron dosimeter.

Reactor Pressure Vessel Internals
The major reactor internal components in the RPV System are:

(1) Core Support Structures:
,

Shroud, shroud support and a portion of CRD housings inside the RPV (both
integral to the RPV), core plate, top guide, fuel supports (orificed fuel
supports and peripheral fuel supports), and control rod guide tubes (CRGTs). .

The core support structures are classified as Seismic Category I and ASME
'

Code Class CS structures.

(2) Other Reactor Internals:

(a) Feedwater spargers, shutdown cooling (SDC) and low pressure core
flooder (LPFL) spargers for the Residual Heat Removal (RHR) System.

Reactor Pressure VesselSystem 2.1.1-3
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high pressure core flooder (HPCF) spargen and couplings, and a j
portion of the in-core housings inside the RPV and in< ore guide tubes |

(ICGTs) with stabilizers. These components are classified as Seismic )
Category I and safety-related. |

(b) Surveillance specimen holders, shroud head and steam separators i

assembly and the steam dryer assembly. These components are classified |
as non-saferr-related. '

A general assembly of these reactor internal components is shown in Figures 2.1.la, I
I !2.1.lb, and 2.1.lc.

The shroud support, shroud, and top guide make up a cylindrical assembly that ;

prosides a partition to separate the upward flow of coolant through the core from the
downward recirculation flow. This partition separates the core region from the
downcomer annulus.

!
The core plate consists of a circular plate uith round openings and is stiffened with a |

| rim and beam structure. The core plate provides lateral support and guidance for the
| CRGTs, ICGTs, peripheral fuel supports, and startup neutron sources. The last two

items are also supported vertically by the core plate.

The top guide consists of a circular plate with square openings for fuel assemblies and )
'

with a cylindrical side forming an upper shroud extension. Each opening prosides ]
lateral support and guidance for four fuel assemblies or, in the case of peripheral fuel, j

less than four fuel assemblies. Holes are provided in the bottom, where the sides of the i

openings intersect, to anchor the in-core instrumentation detectors and startup
neutron sources. !

!

The fuel supports are of two types: (1) peripheral and (2) orificed. The peripheral fuel
supports are located at the outer edge of the active core and are not adjacent to control
rods. Each peripheral fuel support supports one peripheral fuel assembly and has an
orifice to provide coolant flow to the fuel assembly. Each orificed fuel support holds I

four fuel assemblies and has four orifices to provide coolant flow distribution to each
fuel assembly. The control rods pass through cruciform openings in the center of the
orificed fuel supports. This locates the four fuel assemblies surrounding a control rod.

!The CRGTs pass through holes in the core plate, have four holes under the core plate
and rest on top of the CRD housings. Each CRGT guides the lower end of a control rod
and supports an orificed fuel support such that the orifices of the orificed fuel suppon
align with the holes in the CRGT for coolant flow. The lower end of the CRGT is
supported by the CRD housing, which, in turn, transmits the weight of the guide tube,
fuel supports, and fuel assemblies to the reactor vessel bottom head.

2.1.1-4 Reactor Pressure Vessel System
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The CRGT base is prosided with a desice for coupling the CRD with it. The CRD is
restrained from ejection, in the case of failure of the weld between a CRD housing and
CRD penetration, by the coupling of the CRD with the CRGT base;in this event, the
flange at the top of the guide tube contacts the core plate and acts to restrain the
ejection. The coupling will also prevent ejection if the housing fails beneath the weld;
in this event, the guide tube remains supported on the intact upper housing.

There are six feedwater spargers, three for each of the two feedwater lines. Each sparger
is connected to an RPV feedwater nozzle at the double thermal sleeve fitted with the safe

end (straight piece) of the nozzle. Feedwater flow enters the middle of the spargers,
which are located above the RPV downcomer annulus, and is discharged inward.

Two spargers are provided for two loops of the RHR System; both spargers function as
SDC and LPFL spargers. Each sparger is connected to a thermal sleeve fitted with the
safe end of each SDC and LPFL inlet nozzle.

Two HPCF spargers with couplings are provided for the two loops of the HPCF System
to direct high pressure coolant flow to the upper end of the core during emergency core
cooling. One of the HPCF spargers also distributes sodium pentaborate solution when
injected from the SLC System via the connecting HPCF line. The spargers are located
inside the cylindrical portion of the top guide. Each sparger is connected via an HPCFx
coupling to a thermal sleeve fitted with the safe end of each HPCFinlet nozzle. ]

The ICGTs house the in-core neutron flux monitoring instmmentation assemblies, pass

through holes in the core plate, and rest on top of the in-core housings. Two levels of
stabilizer latticework give lateral suppon to the ICGTs. The ICGT stabilizers are
connected to either the shroud or the shroud support.

The surveillance specimen holders having brackets welded to the vessel cladding in the
core beltline region are provided to hold the specimen capsules and a neutron
dosimeter. i

1

The shroud head and steam separators assembly includes the connecting standpipes
and forms the top of the core discharge mixture plenum. The steam dryer assembly
removes moisture from the wet steam leaving the steam separators. The extracted
moisture flows down the dryer vanes to the collecting troughs, then flows through tubes
into the downcomer annulus.

Cobalt-base material is only used for hard surfacing of areas in HPCF coupling. The
wrought austenitic stainless steel used for the RPV internals is limited to a maximum of
0.02% carbon content. Stainless steel materials are supplied in solution heat-treated

[ condition. Furnace sensitized stainless steel material is not used. Electroslag welding is

( not applied for structural welds of stainless steel.

Reactor Pressure VesselSystem 2.1.1-5
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The RPV internals are designed to withstand the effects of FIV.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.1.ld prtnides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Reactor Pressure
Vessel System.
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QUARTER CORE ONLY. ROTATIONAL SYMMETRY
APPLIES. THE REACTOR INTERNALS
ACCOMMODATE THE SHOWN CORE
ARRANGEMENT; THE CORE IS NOT A PART OF

THE RPV SYSTEM. 3

_

| 2

FUEL ASSEMBLY l 3
1

_
-

4 <

CONTROL ROD

5s _

6

7
__ __ _

8%
_ _ _ .

9
_--.. - -.- -.-.-

10

11
.-- - - ~.--.- - - .w-.- -- -

|| 12
-.

5 I

13
_ . _ .

I 14
1

15

|
_ -

16

I i ! I i !I I _J _J
'7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

(.-
Figure 2.1.1c Core Arrangement i

j

Reactor Pressure Vessel System 2.1.1-9 |
)

l



25AS447 Rev. 2

ABWR certitiedDesign uateriai

O
Table 2.1.1a Key Dimensions of RPV System Components

and Acceptable Varia .ans

Dimension / Nominal Acceptable
Elevation Value Variation

Description (Figure 2.1.1a) (mm) (mm)

RPV inside diameter (inside c! adding) A 7112.0 i51.0

RPV wall thickness in beltline (without cladding) B 174.0 +20.0/-4.0

RPV bottom head inside invert, Elevation C 0.0 Reference 0.0

RPV support skirt bottom, Elevation D 3250.0 75.0

Core plate support / Top of shroud middle flange, E 4695.2 i15.0
Elevation

Top guide suppert/ Top of shroud top flange, F 9351.2 i20.0
Elevation

RPV stabilizer connection Elevation G 13,766.0 20.0

Top of RPV flange, Elevation H 17,703.0 i65.0

| RHR SDC/CUW Outlet Nozzle, Elevation J 10,921.0 40.0

| Shroud outside diameter K 5600.7 25.0 |

| Shroud wall thickness L 57.2 10.0 |

| Shroud support legs (Fig. 2.1.1b) MxN 662.0x153.0 20.0 for L
10.0 for M

| Control rod guide tube outside diameter P 273.05 15.0

l

|

l

i

O
2.1.1 10 Reactor Pressure Vessel System
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Table 2.1.1b RPV System Parameters Used in LOCA Analyses |
Postulated
Break Area, |

2Line inspection Location mm

Steamline Flow restrictor throat diameter in a steam outlet nozzle. 98,480

Feedwater inside diameters of flow nozzles on the spargers of 83,890
a feedwater line for the total flow area.

HHR Injection inside diameters of flow nozzles on an SDC and LPFL 20,530
sparger for the total flow area.

High Pressure Core inside diameters of flow nozzles on an HPCF sparger 9200
Flooder for the total flow area.

RHR Shutdown Inside diameter of an RHR SDC outlet nozzle at the safe end 79,150
Cooling weld. >

Drain inside diameter of the bottom head hole for the drain 2030 !

outlet nozzle, near the inside surface of the head and
below the hole chamfer.

,

Note: The areas calculated from the inspections shall not exceed the postulated break areas by 55

\

4 ,

I

,

_

|
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Table 2.1.1c Principal Design Parameters for RPV System

Description Value

2 '

9) 87.9RCPB design pressure 6_ 1

RCPB design temperature ( 302

Number of fuel assemblies 872

Number of control rods 205

Number of internal pumps 10

I

O

6

9
2.1.1-12 Reactor Pressure Vessel System
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$' Table 2.1.1d Reactor Pressure Vessel System b
a CD

Inspections, Tests, Analyses and Acceptance Criteria %
Dj Design Commitment inspections, Tests, Analyses Acceptance Criteria

4 1. The basic configuration of the RPV 1. Inspections of the as-built RFV System 1. The RPV System conforms with the basic

f. System is as defined as Section 2.1.1. will be conducted. configuration defined in Section 2.1.1.

G 2. The RPV pressure boundary defined in 2. Inspections of the ASME Code required 2. An ASME Code Certified Stress Report
j Section 2.1.1 is designed to meet the documents will be conducted. exists for the RPV pressure boundary -
3 ASME Code Class 1 vessel requirements. components.

3. The ASME Code components of the RPV 3. A hydrostatic test will be conducted on 3. The results of the hydrostatic test of the
System retain their pressure boundary those code components of the RPV ASME Code components of the RPV
integrity under intemal pressure that will System required to be hydrostatically System conform with the requirements in
be experienced during service. tested by the ASME Code. the ASME Code, Section 111.

4. The materials selection and materials 4. Inspections of the as-built PPV System 4. The RPV System conforms with the
testing requirements for the RPV System will be conducted. materials selection and materials testing y
are as defined in Section 2.1.1. requirements defined in Section 2.1.1 p

5. The fabrication process and examination 5. Inspections of the as-built RPV System 5. The RPV System conforms with the k
process requirements for the RPV System will be conducted. fabrication process and examination ip

are as defined in Section 2.1.1. process requirements defined in Section [
2.1.1.

6. The material surveillance commitments 6. Inspections of the as-built RPV System G. The material surveillance program for the
for the reactor pressure vessel core will be conducted for implementation of reactor pressure vessel core beltline
beltline materials are as defined in the material surveillance commitments. materials conforms with the
Section 2.1.1. commitments defined in Section 2.1.1.

7. The RPV internals withstand the effects of 7. A vibration type test will be conducted on 7. A vibration type hst report exists and
FIV. the prototype RPV internals of an ABWR. concludes - it the prototype RPV

internals have no damage or loose partsA flow test and post-test inspections will n
as a result of the vibration type test. gbe conducted on the as-built RPV

internals. The as-built RPV internals have no {
damage or loose parts. p

w

y

b E
4 !.
t e.
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2.1.2 Nuclear Boiler E.ystem

Design Description

General System Description

The priman functions of the Nuclear Boiler System (NBS) are:

(1) Deliver steam from the Reactor Pressure Vessel (RPV) to the Main Steam
(MS) System.

(2) Proside containment isolation of the main steamlines (MSLs) and the
feedwater (FW) lines.

(3) Deliver feedwater from the Condensate, Feedwater, and Condensate Air
Extraction (CFCAE) Systen to the RPV.

'

(4) Provide overpressure protection of the reactor coolant pressun: boundary

(RCPB).

(5) Provide automatic depressurization of the RPV in the event of a loss- of-
coolant accident (LOCA) where the RPV does not depressurize rapidly and
the high pressure makeup systems fail to adequately maintain the water levels

in the RPV.

(6) Provide instrumentation to monitor the drywell pressure and RPV pressure,
metal temperature, and water level. 3

Figures 2.1.2a,2.1.2b,2.1.2c,2.1.2d, and 2.1.2e show the basic system configuration and

scope. Figure 0.1.lf shows the NBS control interfaces. :

The NBS equipment shown on Figures 2.1.2a,2.1.2b,2.1.2c,2.1.2d, and 2.1.2e is
classified as safety-related except for the non-safety-related part of the MSL drains, ;

equipment associated with the power actuated relief mode of the SRVs, the SRV !

dischaq;e pipe temperature sensors, and the non-safety-related instruments shown on
Figure 2.1.2e.

Main Steam Lines
The MSLs direct steam from the RPV to the MS System. The NBS contains only the

portion of the MSLs from their connection to the RPV to the boundary with the MS
System, which occurs at the seismic interface located downstream of the outboard main
steam isolation valves (MSIVs). Figures 2.1.2a and 2.1.2b show the general
configuration of the MSLs and the MSL drain lines. The MSL drain lines provide a flow
path for the MSIV leakage during an accident. j

N

Nuclear Boiler System 2.1.2- 1
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The combined volume of the steamlines, from the RPV to t.ie main steam turbine stop

3valves and turbine bypass valves,is greater than or equal to 113.2 m .

Each MSL has a flow limiter. The MSL flow limiter consists of a flow restricting venturi
which is located in each RPV MSL outlet nozzle. The restr'ctor limits the coolant
blowdown rate from the RPV,in the event that a MSL brerk occurs outside the

containment, to a flow rate equal to or le : than 200% of rated steam flow at 72.1
2kg/cm g upstream pressure. The throat diameter of each MSL flow limiter is less than

or equal to 355 mm.

The pneumatic-oper ted valve in the MSL drain line shown in Figure 0.1.lb opens, if
either electric power to the valves actuatir.g solenoid is lost, or pneumatic pressure to
the valve is lost.

The MSLs and the MSL drain lines are located in the drywell and the steam tunnel.

Main Steam Isolation Valves

| Two isolation valves are located in a horizor tal run of each of the four main steamlines;

one valve is inside of the drywell, and the c.ther is near the outside of the primary'

containment pressure boundary.

The MSIV closing time is equal to or greater than 3 seconds and less than or equal to
4.5 seconds when N or air is admitted to the MSIV actuator. The MSIVs are capable of2

closing within 3 to 4.5 seconds under differential pressure, fluid flow and temperaure
conditions. When all the MSIVs are closed, the combined leakage through the MSIVs
for all four MSI2 is less than or equal to 66.1 liters per minute at standard temperature
(20 C) and pressure (one atmosphere absolute pressure) with the differential pressure

2across the MSIV equal to, or greater than 1.76 kg/cm gauge.

The MSIV's primary actuation mechanism for opening and closing is pneumatic.
Springs close the MSIV if pneumatic pressure to the MSIV actuator is lost.

Feedwater Lines
The RV lines direct feedwater from the CFCAE System to the RPV. The NBS contains
only the portion of the RV lines from the seismic interface located upstream of the
motor-operated valves (MOVs) to their connections to the RPV. Figure 0.Lic shows the
portion of the RVlines within the NBS.

Isolation of each RVline is accomplished by two containment isolation valves consisting
of one check valve inside the drywell and one positive closing check valve outside the
containment. The RV line isolation check valves are qualified to withstand a RV line

bbreak outside the primary containment. The RV line upstream of the outboard
isolation valve contains an MOV and a seismic interface restraint.

2.1.22 Nuclear Boiler System
.
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Safety / Relief Valves

The safety / relief valves (SRVs) are located on the MSL.s between the RPV and the
inboard MSIV. These valves protect against overpressurization of the RCPB. Figures
0.1.la,0.1.lb and 0.1.1d show the general configuration of the SRVs and tir: SRV
discharge lines.

The rated capacity of the SRVs is sufIicient to prevent a rise in pressure within the RPV ,

2of more than 110% of the design pressure (96.7 kg/cm gauge) for design basis events.

The SRV discharge lines are sized so that critical flow conditions occur through the
valve. Each SRV has its own discharge line. The SRV discharge lines terminate at

quenchers located below the surface of the suppression pool. ,

The SRVs provide three main protection functions:

(1) Overpressure safety operation: The valves function as spring-loaded safety
valves and open to prevent RCPB overpressurization. The valves are self-
actuated by inlet steam pressure.

The following table identifies the SRV spring set pressures and flow capacities.^ t

The opening time for the SRVs, from the time the pressure exceeds the valve
set pressure to the time the valve is fully open, is less than or equal to 0.3 ,

'

seconds.

!

Set Pressures and Capacities

ASME Rated

Nameplate Spring Capacity at 103%
Number * Set Pressure Spring Set Pressure Used For

SRVs of Valves (kg/cm g)t (kg/hr each)I ADS2
;

J, P 2 80.8 395,000 |

fB,G,M,S 4 81.5 399,000

D,E,K,U 4 82.2 402,000 |

C,H,N,T 4 82.9 406,000 X

A,F,L,R 4 83.6 409,000 X i

* Eight of the SRVs serve in the automatic depressurization system function.

t Spring set pressure tolerances as permined by the ASME Boiler and Pressure Vessel
Code, Section I!I.

; Minimum capacity per the ASME Boiler and Pressure Vessel. Section III.,

O~
!

(2) Overpressure relief operation: The valves are opened using a pneumatic
actuator upon receipt of an automatic or manually initiated signal.

Nuclest Boiler System 2.1.23
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For overpressure relief valve operation (power-actuated mode), reactor vessel
pressure sensors generate a high pressure trip signal which is used to initiate
opening the SRVs. Valve opening is initiated when an electrical signalis
received at the solenoid valve associated with power actuated relief (Figure
2.1.2d). The SRV relief mode opening time from the start of stem motion to
full ASME lift position is less than or equal to 0.15 seconds when the reactor

2pressure is at or above 70 kg/cm gauge.

The SRV pneumatic operator is so arranged that,ifit malfunctions,it does not
prevent the SRV from opening when steam inlet pressure reaches the spring
lift setpoint. Each SRV is provided with its own pneumatic accumulator and
inlet check valve for power actuated relief as shown in Figure 2.1.2d.

4

The SRVs are either DC powered, or powered from uninterruptible AC.

(3) Automatic depressurization sptem (ADS) operation: The ADS valves open
automatically or manually in the power actuated mode when required during
a loss-of-coolant accident (LOCA). Eight of the eighteen SRVs are designated
as ADS valves and are capable of operating from either ADS LOCA logic or
overpressure relieflogic signals. The above table identifies the ADS SRVs.

The ADS accumulator capacity can open the SRV with the dr)well pressure at
design pressure following failure of the pneumatic supply to the accumulator.

The SRVs can be operated individually in the power-actuated mode by remote manual
switches located in the main control room. They are provided with position sensors
which provide positive indication of SRV disk / stem position.

Automatic Depressurization System
As shown in Figure 2.1.2f, the NBS channel measurements are provided for the Safety
System Logic and Control (SSLC) for signal processing, setpoint comparisons, and
generating trip signals. Except for the pump running permissive, the SSLC uses a two-
out-of-four voting logic for ADS initiation. The ADS logic is automatically initiated when
a low reactor water level signal is present. If the RPV low water level signal is present
concurrently with high drywell pressure signal, both the main ADS timer (less than or
equal to 29 seconds) and the high drywell pressure bypass timer (less than or equal to
8 minutes) are initiated. Absent a concurrent high drywell pressure signal, only the ADS
high drywell pressure bypass timer is initiated. Upon the time out of the ADS high '

drywell pressure bypass timer, concurrent with RPVlowwater level signal, the main ADS
timer is initiated, if not already initiated. The main timer continues to compl-tion and
times out only in the continued presence of an RPV low water level signal. Upon time
out of the main ADS timer, concurrent with positive indication by pump discharge
pressure of at least one RHR or one HPCF pump running, the ADS function is initiated.

i

2. L2 4 Nuclear Boiler System
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Signals from all four divisions for low reactor water level and high dr)well pressure and
Dhision I control logic signal actuate one set of pilots, and sensors from all four
divisions for low reactor water and high drywell pressure and Dhision Il control logic
signal actuate the second set of pilots, either ofwhich initiates the opening of the ADS
SRVs.

ADS initiation is accomplished by redundant trip channels arranged in two divisionally
separated logics that control two separate solenoideperated pneumatic pilots on each
ADS SRV. Either pilot can operate the ADS nlve. These pilots control the pneumatic
pressure applied by the accumulators and the High Pressure Nitrogen Gas Supply
(HPIN) System. The DC power for the logic is obtained from the SSLC Dhisions I and
II.

.

For anticipated transient without scram (ATWS) mitigation, the ADS has an automatic
and manualinhibit of the automatic ADS initiation. Automatic initiation of ADS is
inhibited unless there is a coincident low reactor water level signal and an average

power range monitors (APRMs) downscale signal. There are main control room
switches for the manual inhibit of automatic initiation of ADS.

The ADS can also be initiated manually. On a manual initiation signal, concurrent with
'

positive indication of at least one RHR or one HPCF pump is running, the ADS function ,

is initiated.

NBS Instrumentation
The NBS contains the instrument lines and instrumentation for monitoring the reactor

pressure and water level. For drywell pressure, turbine inlet pressure, main condenser i

vacuum, and RPV metal temperature, the NBS contains the sensors. Figure 2.1.2e shows .

the drywell pressure and RPV instnunentation in the hBS.

The mechanical portion of each dhision of the safety-related NBS instmmentation
located in the Reactor Building is physically separated from the other dhisions.

i

The reactor vessel outside surface (metal) temperatures are measured at the head

flange and the bottom head locations.

Figure 2.1.2e shows the water level instrumentation. The instruments that sense the
water level are differential pressure devices calibrated for specific RPV pressure and
temperature conditions. Instrument zero for the RPV water level ranges is the top of the 5

active fuel. The RPV water level instrumentation considers the effects of dissolved non-
condensable gasses in the RPV water level instrumentation lines.

With the exception of turbine inlet pressure sensor and main condenservacuum sensor

(/ located in the Turbine Building, the NBS instrumentation is located in the drywell, the
steam tunnel and the Reactor Building.

Nuclear Boiler System 212-S
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Other Provisions
The NBS equipmen t identified as safety-related is classified as Seismic Category I except
for the American Society of Mechanical Engineers (ASME) Class 3 equipment shown
on Figure 2.1.2c. The non-safety-related section of the feedwater lines . etween the
seismic interface restraint and the motor-operated valves shown in Figure 0.1.lc is
classified as Seismic Category I. The MSL drain lines from the MSLs to the Main
Condenser are seismically analyzed to withstand the Safe Shutdown Earthquake (SSE).

Figures 2.1.2a,2.1.2b, and 2.1.2c show the ASME Boiler and Pressure Vessel Code
classes.

The divisional equipment in the NBS is powcred from its respective Class IE dhisions
as shown in Figures 2.1.2b,2.1.2d, and 2.1.2e. In the NBS, independence is provided
between Class 1E divisions, and also between Class lE divisions and non-Class 1E

equipment.

The NBS has the following displays and controls in the main control room:

(1) Parameter displays for the instruments shown on Figures 2.1.2b and 2.1.2c.
This includes the reactor vessel pressure, reactor vessel water level, drywell

pressure, main condenser vacuum, and turbine inlet pressure.

(2) Controls and status indication for the active safety-related components shown
on Figures 2.1.2b,2.1.2c (excluding the inboard FWline check valves, and the
ASME Boiler and Pressure Vessel Code Class 2 check valves), and 2.1.2d.

(3) Manual system level initiation capability for the ADS.

(4) Manual capability to inhibit automatic initiation of the ADS. .

NBS components with displays and control interfaces with the Remote Shutdowm
System (RSS) are shown on Figures 2.1.2a and 2.1.2e.

The safety-related electrical equipment (including instrumentation and controls)
shown on Figures 2.1.2b,2.1.2c,2.1.2d, and 2.1.2e located in the containment, steam
tunnel and Reactor Building,is qualified for a harsh emironment.

The MOVs shown on Figure 2.1.2b (except for the ASME Boiler and Pressure Vessel
Code Class 2 MOV) have an acti"e safety-related function to close, and perform this
function under differential pressure, fluid flow, and temperature conditions.

The check valves (CVs) shown on Figures 2.1.2c and 2.1.2d (ADS pneumatic CVs only)
have the safety-related functions to open, close, or both open and close under system
pressure, fluid flow, and temperature conditions.

2. L2-6 Nuclear Boiler System
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Inspections, Tests, Analyses and Acceptance Criteria
'

Table 2.1.2 provides a definition of the inspections, tests and/or analyses, together with
associated acceptance criteria, which will be undertaken for the NBS.
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$ Table 2.1.2 Nuclear Boiler System b
9 03
E Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the NBS is 1. Inspections will be conducted for the NBS 1. The as-built NBS conforms with the basic

}
shown in Figures 0.1.1a,0.1.1b,0.1.1c, System. configuration shown in Figures 0.1.1a,
0.1.1 d, 0.1.10, and 0.1.1 f. 0.1.1 b, 0.1.1 c, 0.1.1 d, 0.1.1 e, and 0.1.1 f.

2. The ASME Code components of the NBS 2. A hydrostatic test will be cortducted on 2. The results of the hydrostatic test of the
System retain their pressure boundary those Code components of the NBS ASME Code components of the NBS
integrity under internal pressures that will required to be hydrostatically tested by conform with the requirements in the
be experienced during service, the ASME Code. ASME Code, Section 111

3. The combined volume of the four main 3. Analyses will be performed using as-built 3. The combined steamline volume is
3steamlines (MSLs) and branch lines from dimensions of the steamlines to greater than or equal to 113.2 m .

the RPV to the main steam turbine stop determine the combined steamline
valves and turbine bypess valves is volume.

3greater than or equal to 113.2 m . M>
4. The throat diameter of each MSL flow 4. Inspections of the as-built MSL flow 4. The throat diameter of each MSL flow {

limiter is less than or equal to 355 mm. limiters will be conducted. limiter is less than or equal to 355 mm. g
5. The pneumatic-operated valve in the MSL 5. Tests will be conducted on the as-built 5. The MSL pneumatic drain line valve [

drain line shown in Figure 0.1.1b opens if MSL drain valve. shown in Figure 0.1.1b opens when either
either electric power to the valve electric power to the valve actuating
actuating solenoid is lost, or pneumatic solenold is lost, or pneumatic pressure to
pressure to the valve is lost. the valve is lost.

6. MSIV closing time is equal to or greater 6. 6. The MSIV closing time is equal to or
than 3 seconds and less than or equal t

a. Tests of the as-built MSIV will be greater than 3 and less than or equal to
4.5 seconds when N or air is admitted 4.5 seconds.2 under preoperational differential
into the MSIV actuator. The MStVs are pressure, fluid flow, and temperature
capable of closing within 3 to 4.5 seconds Econditions.
under differential pressura, fluid flow and B.

k temperature conditions. b. Tests, or tyr c iests, of an MSIV will bo {j' cor. ducted under design basis p
g differential pressure, fluid flow and g.
g temperature conditions. =

5 h
1 i
e e.

O O O
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y Table 2.1.2 Nuclear Boiler System (Continued) b
E

DO
E Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria %

? 7. When all MSIVs are closed, the combined 7. Test and analysis will be conducted on the 7. When all MSIVs are closed, the combined
5 leakage through the MSIVs for all four as-built MSIVs to determine the leakage. leakage through the MSIVs for all four
3 MSLs is less than or equal to 66.1 liters MSLs is less than or equal to 66.1 liters

per minute at standard temperature per minute at standard temperature
(20*C) and pressure (one atmosphere (20'C) and pressure (one atmosphere
absolute pressure) with the differential absolute pressure) with the differential
pressure across the MSIV equal to, or pressure across the MSIV equal to, or

2 2greater than,1.76 kg/cm gauge. greater than,1.76 kg/cm gauge.

8. Springs close the MSlV if pneumatic 8. Tests will be conducted on the as-built 8. The MSIV closes when pneumatic
pressure to the MSIV actuator is lost. MSIV. pressure is removed from the MSIV

| actuator.

9. 9. 9. g
ga. The SRV spring set pressure and flow a. Analysis and tests (at a test facility) a. The SRVs have the capacities and set

capacities are given in Section 2.1.2. will be conducted in accordance with pressures shown on Section 2.1.2. y

i
The opening time for the SRVs from the ASME Code. The opening time for the SRVs from iP

the time the pressure exceeds the the time the pressure exceeds the [
valve set pressure to the time the valve set pressure to the time the'

valve is fully open, is less than or valve is fully open is less than or
equal to 0.3 seconds. equal to 0.3 seconds. i

|

b. The SRV relief mode opening time b. Tests of the SRVs will be conducted at b. The SRV relief mode opening time !

from the start of stem motion to full a test facility. from the start of stem motion to full
ASME lift position is less than or ASME lift position is less than or i

equal to 0.15 seconds when the aqual to 0.15 seconds,
reactor vessel pressure is at or above Q

270 kg/cm gauge. g
I.
?
E
5u
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t Table 2.1.2 Nuclear Boiler System (Continued) b
h> Q3
;;; Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections. Tests, Analyses Acceptance Criteria %

10. The ADS accumulator can open the SRV 10. An analysis and/or type test will be 10. Either:
with the drywell pressure at design performed to demonstrate the capacity of a. The SRV ADS accumulators have the
pressure following failure of the the SRV ADS accumulators. capacity to lift the stem of the SRVs to
pneumatic supply to the accumulator, the full open position one time with

the drywell pressure at, or above the
drywell design pressure, or

b. The SRV ADS accumulators have the
capacity to lift the stem of the SRVs to
the full open position five times with
the drywell at atmospheric pressure,
and an analysis that shows that five
SRV lifts at atmospheric pressure y
demonstrates the capability to open p
one time with the drywell at the {
drywell design pressure.

11. For overpressure relief valve operation, 11. Tests will be conducted on the power 11. The valve solenoid receives an initiation [
reactor vessel pressure sensors generate actuated relief logic using simulated input signal.
a high pressure trip signal which is used signal to cause trip conditions.
to initiate opening of the SRVs.
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y Table 2.1.2 Nuclear Boiler System (Continued) b
R 03
$ inspections, Tests, Analyses and Acceptance Criteria
w
,R. Design Commitment inspections, Tests, Analyses Acceptance Criteria

.? 12. The ADS logic is automatically initiated 12. Tests will be conducted using simulated 12,

when a low reactor water level signal is input signals for each NBS process a. Upon receipt of a low water level
present. variable to cause to,p conditions in two, signal, concurrent with a high drywell

three, and four instrument channels of the pressure signal, at the input to the
same process variable associated with ADS initiation logic, the following
each of the two ADS logic divisions. occurs:

(1) The main ADS timer initiates and
continues to time out in the
continued presence of the RPV
tow water level signal. The time
delay for the main ADS timer is
less than or equal to 29 seconds. g

(2) Upon timo out of the main ADS ftimer, a concurrent signal that f
represents positive indication of y
at least one RHR or HPCF pump (
running, an ADS actuation signal
is generated to the associated
ADS valve solenoids.

&
a

=
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t Table 2.1.2 Nuclear Boiler System (Continued) b
9 tX
g, inspections, Tests, Analyses and Aewstance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria 33

12. (Continued) 12. (Continued) b. Upon receipt of a low water level
signal,in the absence of a high
drywell pressure signal, at the input to
the ADS initiation logic, the following
occurs:

(1) The ADS high drywell pressure
bypass timer initiates. The time
delay for the ADS high drywell
pressure bypass timer is less than
or equal to 8 minutes.

(2) Upon time out of the ADS high
drywell pressure bypass timer, y
concurrent with an RPV low water g
level signal, the main ADS timer f
initiates and continues to time out ;
in the continued presence of the R
RPV low water level signal. 4

(3) Upon time out of the main ADS
timer, concurrent with a pump
discharge pressure signal that
represents positive indication of
at least one RHR or HPCF pump
running,an ADS actuation signal
is generated to the associated
ADS valve solenoids. n
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y Table 2.1.2 Nuclear Boiler System (Continued) b
E EDi Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria %
m 13. For ATWS mitigation, the ADS has an 13. 13.

automatic and manualinhibit of the a. The tests defined in item 12a will be a. ADS actuation does not occur,
automatic ADS initiation. conducted with a simulated APRM

not-downscale signal.

b. The test defined in 12a will be b. ADS actuation does not occur.
conducted with the ADS manual
inhibit device set to inhibit.

14. The ADS can be initiated manually. 14. Tests will be conducted by initiating each 14. Upon receipt of a manualinitiation signal,
ADS division manually, concurrent with a an ADS actuation signalis generated to
simulated RHR or HPCF pump running the associated ADS valve solenoids.
signal.

9
15. The RPV water level instrumentation 15. Analyses of the as-built RPV water level 15. An analysis output exists which *

considers the effects the effects of instrumentation will be performed using concludes that the RPV water level
dissolved non-condensable gasses in the available test data and/or operating instrumentation considers the effects of ';;
RPV water instrument lines. experience. dissolved non-condensable gasses in the 2

RPV water level instrument lines. N

16. The mechanical portion of each division 16. Inspections of the as-built NBS 16. The mechanical portion of each NBS
of the safety-related NBS instrumentation will be conducted. instrumentation division is physically
instrumentation located in the Reactor separated from the other divisions by
Building is physically separated from the structural and/or fire barriers.
other divisions.

17. The MSL drain lines from the MSLs to the 17. An inspection of the stress report 17. A stress report exists. This report
main condenser are seismically analyzed containing the dynamic analysis of the documents that a dynamic seismic
to withstand the SSE. piping will be conducted. analysis has been performed. p
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t Table 2.1.E Nuclear Boiler System (Continued) b
9 tn
8 Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria %

18. The divisional equipment in the NBS is 18. 18.
powered from its respective Class TE a. Tests will be performed in the NBS by a. The test signal exists only in the Class
divisions as shown in Figures 0.1.1b, roviding a test signal in only one 1E division under test in the NBS.
0.1.1d and 0.1.10. In the NBS, Class 1E division at a time,
mdependence is provided between Class
1E divisions, and between Class 1E b. Inspection of the as-installed Class 1E b. Physical separation or electrical
divisions and non-Class 1E equipment. divisions in the NBS will be isolation exists between Class 1E

performed. divisions in the NBS Physical
separation or electricalisolation exists
between Class 1E divisions and non-
Class 1E equipment.

19. Main control room displays and controls 19. Inspections will be performed on the 19. Displays and controls exist or can be
provided for the NBS are as defined in main control room displays and controls retrieved in the main control room as y

*Section 2.1.2. for tha NBS. defined in Section 2.1.2.
h

20. RSS displays and contro!s provided for 20. Inspections will be performed on the RSS 20. Displays and controls exist on the RSS as s
the NBS are defined in Section 2.1.2. displays and controls for the NBS. defined in Section 2.1.2. ;E

%
21. MOVs designated in Section 2.1.2 as 21. Tests of installed valves for closing will be 21. Upon receipt of an actuating signal, each

having an active safety function will close conducted under preoperational MOV closes.
under differential pressure, fluid flow, and differential pressure, fluid flow, and
temperature conditions, temperature conditions.

22. The CVs designated in Section 2.1.2 as 22. Tests of the installed valves for opening, 22. Based on the direction of the differential
having an active safety-related function closing, or both opening and closing, will pressure across the valve, each CV opens,
open, close, or both open and closes, be conducted under system closes, or both opens and closes,
under system pressure, fiuld flow, and preoperational pressure, fluid flow, and depending upon the valve's safety
temperature conditions, temperature conditions. function. !;8
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2.1.3 Reactor Recirculation System ,

Design Description

The Reactor Recirculation System (RRS) is an arrangement of 10 variable speed reactor

internal pumps (RIP) with motors mounted in the bottom of the RPV. The RRS
circulates coolant through the reactor core at variable flow rates. The motor cooling
heat exchangers are located inside the RPV pedestal adjacent to the RIP motors. Figure
2.1.3 shows the basic system configuration and scope.

3Indisidual RIPS and motors provide at least 6912 m /hr flow with a total developed
3head (TDH) of at least 32.6m Gith 10 RIPS operating and 8291 m /hr with a 77)H of at

2least 35.8m with 9 RIPS operating, with water at 278'C and 73.9 kg/cm or less. The
2individual RIPS, and motors have a dry rotating inertia of not less than 17.5 kg-m and

2not more than 26.5 kg-m .

Figure 2.1.3 shows the ASME Code class for the RRS piping and components. The
motor cover and its nuts and bolts are classified as saferv-related, Seismic Category I,

ASME Code Class I components. The remainder of the system is classified as non-safety-
related.p,

( The RIP motor cooling is provided by an auxiliary impeller mounted on the bottom of
the motor autor, which circulates water through the RIP motor and its cooling heat
exchanger. The heat exchangers are cooled by the Reactor Building Cooling Water
System (RCW).

Each RIP includes an anti-rotation-device (ARD) which prevents reverse RIP motor ,

rotation by reverse flow-induced torque of equal to or less than 770 kgrm when there is
no motor power.

'

RIP maintenance during reactor shutdown requires a temporary plug to be installed in
the RIP diffuser when the RIP impeller, shaft and motor are temporarily removed. The
temporary RIP diffuser plug cannot be removed unless the RIP motor housing bottom

;cover is in place.

1inspections, Tests, Analyses and Acceptance Criteria
:

Table 2.1.3 provides a definition of the instructions, tests, and/or analyses, together |
Jwith associated acceptance criteria, which will be undertaken for the RRS.
l
i

|
1
i

j
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Reactor Recirculation System 2.1.3- 1 ;
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$ Table 2.1.3 Reactor Recirculation System b
4 III
[ Inspections, Tests, Analyses and Acceptance Criteria %

Design Commitment inspections, Tests, Analyses Acceptance Criteria

( 1. The basic configuration of the RRS is 1. Inspections of the as-buik system will be 1. The as-built RRS conforms with the basic
3 shown on Figure 2.1.3. conducted. configuration shown in Figure 2.1.3.
to

3 2. The ASME components of the RRS retain 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
3 their pressure integrity under internal those Code components of the RRS ASME components of the RRS conform

pressures that will be experienced during recuired to be hydrostatically tested by with the requirements in the ASME Code,
service. the ASME Code. Section 111.

3. Individual RIPS and motors provido at 3. Tests will be conducted on the individual 3. Individual RIPS and motors provide at
33 least 6912 m /hr flow with a totalleast 6912 m /hr flow with a total RIP in a test facility which includes a

developed head (TDH) of at least 32.6m calibrated flow element and a RIP section developed head (TDH) of at least 32.6rn
2 2with water at least 278'C and 73.9 kg/cm which is geometrically the same as the with water at least 278'C and 73.9 kg/cm

or less, during 10 RlPs operation. During 9 RPV bottom plenum region including the or less, during 10 RIPS operation. During 9
RIPS operation, the individual RIP RIP differential pressure measurement RIPS operation, the individual RIP y

3 3 bprovides at least 8291 m /hr with a TDH of taps. The RIP performance data will be provides at least 8291 m /hr with a TDH of
at least 35.8m at the same temperature obtain for rated reactor conditions and at least 35.8m at the same temperature
and pressure conditions. minimum to rated RIP speed. and pressure conditions. g

4. The individual RIPS and motors have a 4. Tests will be conducted on a RIP and 4. RIP and motor dry rotating inertia is 217.5 4

2
dry rotating inertia of 217.5 and s 26.5 kg- motor rotating assembly in a test facility. and s 26.5 kg-m ,
m.

5. Each RIP includes an ARD which prevents 5. Tests will be conducted on each ARD in a 5. Each ARD prevents RIP motor rotation in
reverse RIP motor rotation by reverse test facility. the reverse direction with a reverse
flow induced torque of s 770 kgrm when torque of s770 kgr .m
there is no motor power.

6. The temporary RIP diffuser plug cannot 6. Tests of a RIP diffuser plug will be 6. The temporary RIP diffuser plug cannot
be removed unless the RIP motor housing conducted in a test facility by simulating be removed unless the RIP motor housing p
bottom cover is in place. conditions associated with plug removal bottom cover is in place. g

with the motor housing bottom cover g,-
removed. $

*
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2.2.1 Rod Control and Information System

Design Description

The Rod Control and Information System (RCIS) controls and monitors positioning of
the control rods in the reactor by the fine motion control rod drive (BfCRD) units of
the Control Rod Drive (CRD) System. The RCIS controls rod position to accomplish
power changes in the reactor core and to achieve compliance with fuel thennal limits,
core thermal-hydraulic stability limits and required BICRD movements following
reactor scram and anticipated transients without scram (ATWS) events.

The RCIS consists of redundant microprocessor-based controllers * and the equipment
,

required to monitor and control the FMCRD. The RCIS can operate in either manual,
semi-automatic or automatic control mode and has the control interfaces showm on
Figure 2.2.1.

The RCIS is classified as non-safety-related.

The RCIS provides the following:

(1) A rod worth minimizer which uses control rod position signals to enforce
preestablished sequences for control rod movement when the reactor power
(neutron flux) is below the low power setpoint by issuing a control rod block
signal when an out of sequence control rod movement is attempted.

(2) An automated thermallimit monitor (ATt.M) which uses control rod position
,

signals, neutron flux signals, and fuel operating thermal limits to enforce fuel
thermallimits when the reactor power is above the low power setpoint and the
plant is in automatic operation.

.

(3) A selected control rod run-in function which uses a signal from the
Recirculation Flow Control (RFC) System to insert selected control rods into
the core.

(4) An automatic control red nm-in which uses a scram-follow signal hom the
Reactor Protection System (RPS) to insert all control rods into the core.

(5) An alternate rod insenion (ARI) function which uses signals from the RFC
System to insert all control rods into the core,

w
* Except for controllers associated with individual FMCRDs.

Rod Control and Information System 2.2.1- 1
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O
(6) An automatic control rod withdrawal block in response to:

(a) A signal from the Neutron Monitoring System (NMS) multi-channel rod
block monitor (MRBM), at above the low power 5 :tpoint (LPSP), or

(b) A signal from the CRD System FMCRD hollow piston / ball nut
separation switches (withdrawal block applies only to separated control
rod),or

(c) A signal from the RPS Mode Switch, when in Refuel Mode, that only
permits the two control rods avociated with the same hydraulic control

,

unit (HCU) being withdrawn from the core at any time.

(7) A permissive signal to the Refueling Equipment to prevent hoisting a fuel
bundle over the reactor pressure vessel unless all control rods are inserted.

.

(8) A runback signal to adjustable speed drives (ASD) of RFC System when RCIS
initiates signals to insert all control rods.

The RCIS equipment is located in the Reactor Building and Control Building.

The RCIS is powered by separate non-Class IE uninterruptible power supplies.

Inspections, Tests, Analyses end Acceptance Criteria

Table 2.2.1 provides a definition of the inspections, tests, and/or analyses, together with
associated acceptance criteria, which will be undertaken for the RCIS.

O
2.2.12 Rod Control andinforrnation System

!
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$$ Table 2.2.1 Rod Control and Information System b
i %

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspection, Tests, Analyses Acceptance Criteria

1. The equipment comprising the RCIS is 1. Inspections of the as-built system will be 1. The as-built RCIS conforms with the
defined in Section 2.2.1. conducted. description in Section 2.2.1.

2. The RCIS consists of redundant 2. Tests will be performed by simulating 2. There is no foss of RCIS output upon loss
microprocessor based controllers (except failure of each operating RCIS controller. of any one controller.
for controllers associated with individual
FMCRDs).

| 3. The RCIS provides a rod worth minimizer 3. Tests will be conducted on the RCIS using 3. A control rod block signal occurs when an
which uses control rod position signals to simulated control rod position signals, out-of-sequence control rod movement is
enforce preestablished sequences for and simulated neutron flux signals. simulated and when reactor power is
control rod movement when the reactor below the low power setpoint.
power (neutron flux) is below the low
power setpoint by issuing a control rod y

bblock signal when an out of sequence
control rod movement is attempted. k

=
4. The RCIS provides an automatic thermal 4. Tests will be conducted on the RCIS using 4. A control rod block signal occurs upon "4

power monitor which uses control rod simulated control rod position signals, simulation of a control rod movement 4

position signals, neutron flux signals, and neutron flux signals, and fuel operating which would cause fuel thermal limits to
fuel operating thermal limits to enforce thermal limits, be approached.
fuel thermallimits when the reactor
power is above the low power setpoint
and the plant is in automatic operation,

k 5. The RCIS provides a selected control rod 5. Tests will be conducted on the RCIS using 5. A control rod insertion signal occurs for
9 run-in function which uses a signal from simulated control rod run-in signal from those positions assigned to this fonction
y the RFC System to insert se!ected control RFC System. upon receipt of a simulated signal from n

{ rods into the core. the RFC System. g
I G. The RCIS provides an automatic control 6. Tests will be conducted on the RCIS using 6. A control rod run-in signal occurs upon (

rod run-in which uses a scram-follow a simulated scram-follow signal from the receipt of a simulated scram-follow ${ signal from the RPS to insert all control RPS. signal. g.g
[ rods into the core. g
m m.

) fY
iii 3
3 2.

O O O
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g Table 2.2.1 Rod Control and information System (Continued)
'

b
" t2{ inspections, Tests, Analyses and Acceptance Criteria
=r
9. Design Commitment inspection, Tests, Analyses Acceptance Criteria

7. The RCIS provides an ARI function which 7. Tests will be conducted on the RCIS using 7. A control rod insertion signal occurs upon
j. uses signals from the RFC System to simulated ARI signals from the RFC receipt of a simulated ARI signal.
g insert all control rods into the core. System.

[ 8. The RCIS provides an automatic control 8. Tests will be conducted on the RCIS using 8 A control rod withdrawal block signal
m rod withdrawal block in response to: simulated signals from the NMS MRBM at occurs upon receipt of simulated signals

a. A signal from the NMS MRBM at above low power setpoint; and from the from:

above the iow power setpoint. FMCRD separation switches; and from a. NMS MRBM at above the low power
control rods of the same HCU and Refuel setpo. t,mb. A signal from the CRD System FMCRD Mode position of RPS Mode Switch.

hollow piston / ball nut separation b. FMCRD separation switches
switches (withdrawal block applies (withdrawal block is only applicable to
only to separated control rod). separated control rod),

c. A signal from the RPS Mode Switch c. An attempt to withdraw a control rod, E
when in Refuel Mode that only when the RPS mode switch is in {
permits the two control rods Refuel Mode and the two control rods ;
associated with the same HCU being associated vith the same HCU are 2
withdrawn from the core at anytim- withdrawn. N

9. The RCIS provides a permissive signal to 9. Tests will be conducted on the RCIS using 9. A permissive signal to the Refueling
the Refueling Equipment to prevent simulated rod position information. Equipment occurs only when the
hoisting a fuel bundle over tu reactor simulated signals indicate that all control
pressure vessel unless all controi rods are rods are inserted. No signal occurs when
inserted. any rod is signalled as not inserted.

10. The RCIS provides a runback signal to 10. Tests will be conducted on the RCIS using 10. RFC System ASD runback signals occur
RFC System ASDs when RCIS initiates sirautated control rods insertion signals. upon receipt of simulated signals to insert
signals to insert all control rods. all control rods. &

i?-
11. The RCIS is powered by separate non- 11. Tests will be performed on the as-built 11. The test signal exists in only one control $

Class 1E uninterruptible supplies. RCIS by providing a test signal in only channel at a time. g
o"e non-Class 1E uninterruptible power g
supply at a time. $

9- w~
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2.2.2 Control Rod Drive System

Design Description .

The Control Rod Drive (CRD) System controls changes in core reactivity during power
operation by movement and positioning of the neutron absorbing control rods within !

|the core in fine increments in response to control signals from the Rod Control and
Information System (RCIS). The CRD System provides rapid control rod insertion
(scram) in response to manual or automatic signals from the Reactor Protection System ;

(RPS). Figure 2.2.2h shows the basic system configuration and scope. j

The CRD System consists of three major elements: (1) the electro-hydraulic fine motion
control rod drive (atCRD) mechanisms, (2) the hydraulic control unit (HCU)
assemblies, and (3) the control rod drive hydraulic system (CRDHS). The BICRDs .

provide electric-motor-driven positioning for normalinsertion and withdrawal of the |
'

control rods and hydraulic-powered rapid control rod insertion (scram) for abnormal
operating conditions. Simultaneous with scram, the BICRDs also provide electric-
motor driven run-in of control rods as a path to rod insertion that is diverse from the
hydraulic-powered scram. The hydraulic power required for scram is provided by high .

t

pressure water stored in the individual HCUs. An HCU can scram two BfCRDs. It also
provides the flow path for purge water to the associated drives during nonnal operation. ,

The CRDHS supplies pressurized water for changing the HCU scram accumulators and |
purging to the BICRDs.

There are 205 BiCRDs mounted in housings welded into the reactor vessel bottom
head. The BICRD has a movable hollow piston tube that is coupled at its upper end,
inside the reactor vessel, to the bottom of a control rod. The BfCRD can move the

control rod up or down over its entire range, by a ball nut and ball screw driven at a
speed of 30 mm/sec 10(7c by the electric stepper motor. In response to a scram signal,
the piston inserts the control rod into the core hydraulically using stored energyin the
HCU scram accumulator. The scram water is introduced into the drive through a scram
inlet connection on the BiCRD housing, and is then discharged directly into the
reactor vessel via clearances between BICRD parts. The average scram times of all
BfCRDs with the reactor pressure as measured at the vessel bottom below 76.3 ,

2kg/cm g are: ,

Percent Insertion Time (sec)

10 s 0.42 1

4

40 5 1.00 ;

|

Control Rod Drive System 2.2.2- 1
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O
Percent Insertion Thne (sec)

60 s 1.44

i

100 s 2.80

These times are measured starting from loss of signal to the scram solenoid pilot valves

in the HCUs.

The BICRD has an electro-mechanical brake with a minimum holding torque of 5 kg-
m on the motor drive shaft and a ball check valve at the point of connection with the
scram inlet line.

Two redundant and separate switches in the BICRD detect separation of the hollow
piston from the ball nut.

There are 103 HCUs, each of which provides water stored in a pre-charged accumulator
for scramming two BICRDs. Figure 2.2.2 shows the major HCU components. The
accumulator is connected to its associated BICRDs by a hydraulic line that includes a

scram valve held closed by pressurized control air. To cause a scram, the RPS provides i

a signal to de-energize the scram solenoid pilot valve (SSPV)that vents the control air
from the scram valve, which then opens by spring action. Loss of either electrical power |

to the SSPV or loss of control air pressure causes scram, A pressure switch detects low ,

accumulator gas pressure and actuates an alarm in the main control room. |

The CRD System also provides alternate rod insertion (ARI) as a means of actuating j
hydraulic scram when an anticipated transient without scram (ATWS) condition exists.

|
Following receipt of an ARI signal, solenoid valves on the scram air header open to

}
reduce pressure in the header, allowing the HCU scram valves to open. The control rod
drives then insert the control rods hydraulically.

1The CRDHS has pumps, valves, filters, instrumentation, and piping to supply
pressurized water for charging the HCUs and purging the BiCRDs.

The CRD System components classified as safety-related are: the HCU components

I required for scram; the BICRD components required for scram; the scram inlet piping;
the BICRD reactor coolant primary pressure boundary components; the Bf CRD brake

| and ball check valve; the internal drive housing support; the BfCRD separation
switches; and the HCU charging water header pressure instrumentation.

The CRD System components classified as Seismic Category I are: the HCU components
required for scram; the BICRD components required for scram; the scram inlet piping;
the BICRD reactor coolant primary pressure boundary components; the BiCRD brake

2.2.2-2 Contro! Rod Drive System
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and ball check valve; the internal drive housing support; the FMCRD separation
switches; and the HCU charging water header pressure instrumentation.

Figure 2.2.2 shows the ASME Code class for the CRD System piping and components.

The CRD System is located in the Reactor Building. The FMCRDs are mounted to the
reactor vessel bottom head inside primary containment. The HCUs and CRDHS ,

equipment are located in the Reactor Building at the basemat elevation.

Each of the four divisional HCU charging header pressure scasors are powered from
their respective disisional Class 1E power supply. Independence is provided between
the Class IE divisions for these sensors and also between the Class 1E divisions and non-

Class lE equipment. L

For their preferred source of power, the FMCRDs are collectively powered from one
Class 1E division; for their alternate source of power, they are collectively powered from

one non-Class 1E Plant Investment Protection (PIP) bus.

The hydraulic portion of the CRD System which performs the scram function is j

p physically separated from and independent of the Standby Liquid Control System.

The CRD System has the following alarms, displays, and controls in the main control
room:

(1) Alarms for separation of the hollow piston from the ball-nut and low HCU
accumulator gas pressure. i

(2) Parameter displays for the instruments shown in Figure 2.2.2.

(3) Controls and status indication for the CRD pumps and flow control valves
shown on Figure 2.1.2.

(4) Status indication for the scam valve position.

The following CRD System safety-related electrical equipment are located in either the
Reactor Building or primary containment and are qualified for a harsh emironment:
the HCU charging header pressure instntmentation, the scram solenoid pilot valves,
and FMCRD separation switches. i

The check valves (CVs) shown inside the HCU boundary on Figure 2.2.2 and the
FMCRD ball check valves have active safety-related functions to close under system j

pressure, fluid flow, and temperature conditions. ;

C
( The piping and components of the CRD pump suction supply, which extends from the

CRD System interfaces with the Condensate Feedwater and Air Extraction (CFCAE)'''

ControlRod Drive System 2.2.2-3
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System and Makeup Water (Condensate) (MUWC) System to the inlet connections of

2the CRD pumps, are designed for 28.8 kg/cm g for intersystem loss-of<oolant accident

(ISLOCA) conditions.
,

inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.2 provides a defmition of the inspections, tests, and/or analyses, togetherwith
associated acceptance criteria, which will be undertaken for the CRD System.

O

,

i

|
l
|

O
!
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Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the CRD 1. Inspections of the as-built system will be 1. The as-built CRD System conforms with
System is as shown on Figure 2.2.2. conducted. the basic configuration shown on Figure

2.2.2.

2. The ASME Code components of the CRD 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test cf the
System retain their pressure boundary those code components of the CRD ASME Code components of the CRD
integrity under internal pressures that will System required to be hydrostatically System conform with the requirements in
be experienced during service. tested by the ASME Code, the ASME Code, Section Ill.

3. The FMCRD can move the control rod up 3. Tests will be conducted on each instal!ed 3. Each control rod moves up and down
or down over its entire range by a ball not FMCRD. over its entire range at a speed of 30
and ball screw driven at a speed of 30 mm/sec i10%. The time to insert each
mm/sec110% by the electric stepper control rod from full-out to full in is s 135
motor. seconds when driven by the electric g

stepper motor.

4. The average scram times of all FMCRDs 4. Tests will be conducted on each installed 4. The average scram times of all FMCRDs s
with the reactor pressure as measured at HCU and its associated FMCRD. The with the reactor pressure as measured at ;

2 2the vessel bottom below 76.3 kg/cm g results of the tests performed at low the vessel bottom below 76.3 kg/cm g %

are: reactor pressure will be extrapolated to are:
the Design Commitment pressure (76.3 Percent insertion Time (sec)Percent insertion Time (sec) kg/cm g). 10 s 0.4210 s 0.42

40 s 1.00 40 $ 1.00
60 s 1.44 60 s 1.44

100 $ 2.80 100 s 2.80

These times are measured starting from These times are measured starting from n
9 loss of signal to the scram solenoid pilot loss of signal to the scram solenoid pilot *

h| valves in the HCU. valves in the HCU
=-

| @ 5. The FMCRD has an electro-mechanical 5. Tests of each FMCRD brake will be 5. The FMCRD electro-mechanical brake e
@ brake with a minimum holding torque of conducted in a test facility. has a minimum holding torque of 5 kg-m j.
iF 5 kg-m on the motor drive shaft. on the motor drive shaft. =

$ h
a a
5 :::.

| 3 !!L
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p Table 2.2.2 Control Rod Drive System (Continued) b
2 CD
E Inspections, Tests, Analyses and Acceptance Criteria
:n
& Design Commitment Inspections, Tests, Analyses Acceptance Criteria
O

{ 6. Two redundant and separate switches in 6. Tests of each as-built FMCRD will be 6. Both switches in each FMCRD detect
the FMCRD detect separation of the conducted. separation of the hollow piston from them

h hollow piston from the ball nut. ball nut.
3

7. Following receipt of an ARI signal, 7. Tests will be conducted on the as-built 7. Following receipt of a simulated ARI
solenoid valves on the scram air header ARI valves using a simulated actuation signal, solenoid valves on the scram air
open to reduce pressure in the header, signal, header open to reduce pressure in the
allowing the HCU scram valves to open, header, allowing the HCU scram valves to

open.

8. Each of the four divisional HCU charging 8. 8.
header pressure sensors are powered Tests will be conducted on the as-built a. The test signal exists only in the Classa.,

from their respective divisional Class 1E charging water header sensors by 1E Division under test.
power supply. For the four HCU charging providing a test signal in only one Mwater header pressure sensors, Class 1E division at a time. *
independence is provided between Class {
1E divisions, and between Class 1E b. Inspections of the as-installed b. Physical separation or electrical s
divisions and non-Class 1E equipment. charging water header sensor Class isolation exists between Class 1E R

1E divisions will be conducted. divisions. Physical separation or N

electrical isolation exists between
these Class 1E divisions and non-
Class 1E equipment.

9. For their preferred source of power, the 9. Inspections of the as-built CRD System 9. For their preferred source of power, the
FMCRDs are collectively powered from will be conducted. FMCRD motors are collectively powered
one Class 1E division; for their alternate from one Class 1E division; for their
source of power, they are collectively alternate source of power, they are
powered from one non-Class 1E PIP bus, collectively powered from one non-Class n

1E PIP bus, g
Bi

10. Main control room alarms, displays and 10. Inspections will be performed on the 10. Alarms, displays and controls exist or can g,
controls provided for the CRD System are main control room alarms, displays and be retrieved in the main control room as p'

defined in Section 2.2.2. controls for the CRD System. defined in Section 2.2.2. .

it:mu
h E
9 E-
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- - _ _ _ _ _ _ _ - _ _ _ - ~ - - - - - - - , . ,--c -- , - . . . - . .. - - , - --



__

t Table 2.2.2 Control Rod Drive System (Continued) b
9 03inspections, Tests, Analyses and Acceptance Criteria !co g

Design Commitment inspections, Tests, Analyses Acceptance Criteria 23

11. CVs designated in Section 2.2.2 as having 11. Tests of installed valves for closing will be 11. Each CV closes.
an activo safety-related function close conducted under system preoperational
under system pressure, fluid flow, and pressure, fluid flow, and temperature
temperature conditions, conditions.
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2.2.3 Feedwater Control System

Design Description

The Feedwater Control (FDWC) System controls the flow of feedwater into the reactor
pressure vessel (RPV) to maintain the water level in the vessel during plant operation.
The FDWC Sptem consists of redundant, microprocessor-based controllers, and flow
sensors for main steamlines and feedwater lines, as shown in the control interface

diagram in Figure 2.2.3.

The FDWC digital controllers determine narrow range level signal using three reactor
level measurement inputs from the NBS. Sensor signals are transmitted to the FDWC
digital controllers by the Non-Essential Multiplexing System (NEMS).

'

The steam flow in each of four main steamlines is sensed at the RPV nozzle venturis.
Sensor signals are transmitted to the FDWC System digital controllers by the NEMS.
These measurements are processed in the digital controllers to calculate the total steam
flow out of the vessel.

Feedwater flow is sensed at a flow element in each of the two feedwater lines. Sensore
'

signals are transmitted to the FDWC digital controllers by the NEMS. These
measurements are processed in the digital controllers to calculate the total feedwater
flow into the vessel.

The FDWC Sptem is classified as non-safety-related.

The FDWC System operates in either manual, automatic single-element or automatic
three-element control modes. At low feedwater flow, the FDWC System utilizes only
water level measurement in automatic single-element control mode. At higher flow
rates, the FDWC System in three-element control mode uses water level, steam flow, and
feedwater flow measurements for water level control.

The FDWC System monitors reactor water level signals and,if a high RPV water level
setpoint is reached, sends trip signals to the Turbine Control System and to the
Condensate, Feedwater and Condensate Air Extraction (CFCAE) System. If a low RPV
waterlevel setpoint is reached, the FDWC System sends trip signals to the Recirculation
Flow Control (RFC) System.

If the FDWC System receives an anticipated transient without scram (ATWS) trip signal
from the Safety System Logic and Control (SSLC), the FDWC System issues signals to
runback feedwater flow. I

!

r
( Each channel of the FDWC System is powered by separate non-Class IE uninterruptible
L power supplies.

i

Feedwater Control Systern 2.2.3- 1
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The total feedwater flow is displayed on the main control panel. The FDWC System

operating mode is selectable from the main control room. The FDWC System
microprocessors are located in the Control Building.

Digital controllers used for the FDWC System are redundant, with diagnosdc
capabilides that identify and isolate failure oflevel input signals.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.3 provides a definidon of the inspecdons, tests, and/or analyses, together with
associated acceptance criteria, which will be undertaken for the Feedwater Control

System.

O

|
|

@
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$ Table 2.2.3 Feedwater Control System b
% W

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The equipment comprising the FDWC 1. Inspections of the as-built system will be 1. The as-built FDWC System conforms with
| System is defined in Section 2.2.3. conducted. the description in Section 2.2.3.

2. The FDWC System controls the flow of 2. A test will be performed by simulating a 2. A signal to increase feedwater flow
feedwater into the RPV. decreasing reactor level signal. occurs.

3. The FDWC System monitors reactor 3. Tests will be performed on the FDWC 3. When a high RPV water level setpoint is
water level signals and, if a high RPV System, using simulated RPV water level reached, trip signals are sent to the
water level setpoint is reached, sends trip signals. Turbine Control System and CFCAE
signals to the Turbine Control System and System.
to the CFCAE System. When a low RPV water level setpoint is
If a low RPV water level setpoint is reached, a trip signal is sent to the RFC
reached, the FDWC System sends trip System.
signals to the RFC System. g

4. If the FDWC System receives an ATWS 4. Tests will be performed on the FDWC 4. When an ATWS trip signalis received, the k
trip signal from the SSLC, FDWC issues System, using a simulated ATWS trip FDWC System issues feedwater runback jp
signals to runback feedwater flow. signal. signals. (

5. The FDWC System digital controllers are 5. Tests will be performed by providing a 5. The test signal exists in only one digital
powered by separate non-Class 1E test ignalin only one non-Class 1E control channel at a time.
uninterruptible power supplies. uninterruptible power supply at a time.

6. Main control room controls and displays 6. Inspections will be performed on the 6. Controls and displays exist or can be
provided for the FDWC System are main control room controls and displays retrieved in the main control room as
defined in Section 2.2.3. for the FDWC System. defined in Section 2.2.3.

7. Digital controllers used for the FDWC 7. Tests will be performed by simulating 7. There is no loss of FDWC System output
;p System are redundant. failure of each operating FDWC System upon loss of any one digital controller. p
& digital controller. B.*si

$ 8. Digital controllers used for the FDWC 8. Tests will be performed by simulating 8. There is no loss of FDWC Syste .s output E
y System have diagnostic capabilities that level input signal failures to the FDWC upon loss of any one level input signal. $
3 identify and isolate failure of level ir.put System digital controllers. g'
9. signals. it
m u

=.e
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2.2.4 Standby Liquid Control System

The Standby Liquid Control (SLC) System injects neutron absorbing poison into the
reactor using a boron solution, thus providing the safety-related function of backup
reactor shutdown capabilityindependent of the normal reactivity control system based t

on insertion of control rods into the core. The SLC System is designed to bring the
reactor from full power to a subcritical condition without control rod movement, at any
time in a core cycle, and at design basis conditions with the reactor in the most reactive
xenon-free state. The SLC System operates over a range of reactor pressure conditions

'

which bound the elevated pressures associated with an anticipated transient without
scram (ATWS). Figure 2.2.4 shows the basic system configuration and scope.

The SLC System consists of a boron solution storage tank, two positive displacement
pumps, two motor-operated injection valves which are provided in parallel for
redundancy, and associated piping and valves used to transfer borated water from the
storage tank to the reactor pressure vessel (RPV). The borated solution is discharged

.

Ithrough the high pressure core flooder (HPCF) Division B subsystem sparger.

The SLC System uses a dissolved solution of sodium pentaborate as the neutron-

[ absorbing poison. This solution is held in the storage tank which has a heater to ,

( maintain solution temperature above the saturation temperature. The heater has
automatic actuation and automatic shutoff.

A test tank and associated piping and valves permit testing of the SLC System during
plant operation. The tank is supplied with demineralized water, which is pumped in
either a closed loop or is injected into the reactor.

Key SLC System equipment performance requirements are:

(1) Pump flow (minimum) 3781/ min with both pumps operating
1891/ min with one pump operating

2(2) Maximum reactor pressure 88.9 kg/cm a
(for injection)

8(3) Pumpable volume in storage 23.1 m

tank (minimum)

The SLC System can be manually initiated from the main control room. Each of the two
dhisions is controlled by a separate switch. When it is manually initiated to inject a
liquid neutron absorber into the reactor, the following devices and actions are initiated
by each divisional switch:

(1) The specified dhision injection vahe is opened.
5

Standby Liquid ControlSystem 21.4-1
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(2) The specified division storage tank discharge valve is opened.

(3) The specified division injection pump is started.

(4) The reactor water cleanup isolation valves are closed.

Both dhisions of the SLC System are automatically initiated during an ATWS condition
by safety system and logic control (SSLC) logic. With the storage tank at minimum level
and both~ pumps operating, the system is designed to inject the minimum required
boron solution.

Each SLC System pump has an interlock which prevents operation if both the test tank
outlet valve and the pump suction valve are closed.

The SLC System provides borated water to the reactor core to compensate for the
various reactivity effects. These effects are xenon decay, elimination of steam voids,
changing water density due to the reduction in water temperature, Doppler effect in
uranium, changes in neutron leakage, and changes in control rod worth. To meet this
objective, it is necessary to inject a quantity c,f boron which produces a minimum
concentration of 850 parts per million (ppm) by weight of natural boron in the reactor
core at 20 C. To allow for potential leakage and imperfect mixing in the reactor system,
an additional approximately 25% (220 ppm) is added to the above requirement,
resulting in a total requirement of greater than or equal to 1070 ppm. The equired
concentration is thus achieved in a mass of water equal to the sum of the mass of water

3in the RPV at normal water level (equal to or less than 455 x 10 kg) plus the mass of
3water in the RPV shutdown cooling piping (equal to or less than 130 x 10 kg). The

quantity of boron solution contained in the storage tank above the pump suction
shutofflevel provides the required concentration of 1070 ppm when injected into the
reactor.

The SLC System pumps have sufficient net positive suction head (NPSH) available at
the pump. The SLC System pumps are designed to produce discharge pressure to inject
the solution into the reactor when the reactor is at pressure conditions corresponding

2to the system relief valve (109.7 kg/cm g), which is above peak ATWS pressure in the
RPV.

SLC System components required for RPV injection are classified as Seismic Category L

Figure 2.2.4 shows the ASME Code class for the SLC System piping and components.

The SLC System is located in the Reactor Building. The storage tank, test water tank,
the two positive displacement pumps, and associated vahing are located in the
secondary containment on the floor elevation below the operating floor.

{

22.4-2 Standby Liquid Control System
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Each of the two SLC System divisions is powered from the respective Class IE division
as shown on Figure 2.2.4. The power supplied to one motor-operated injection valve,

,

suction valve, and injection pump is powered from Division 1. The power supply to the
other motor-operated injection valve, suction valve, and injection pump is powered
from Division II. In the SLC system, independence is provided between Class IE
dhisions, and also between Class IE dhisions and non-Class IE equipment.

The SLC System has the following displays, controls and alarms in the main control
room:

Alarms for storage tank temperature and level.*

Parameter displays for the instruments shown on Figure 2.2.4.*

Controls and status indication for the pumps, injection valves, and suction valves.*

A manual system initiation switch for each dhision.*

The motor-operated valves (MOVs) shown on Figure 2.2.4 have an active safety-related
function and perform this function under differential pressure Iluid flow and

\( temperature conditions. |(
The check valves (CVs) shown on Figure 2.2.4 have active safety-related functions to

open, close, or both open and close under system pressure, fluid flow, and temperature
conditions. ;

The SLC System is physically separated from and independent of the hydraulic portion
of the Control Rod Drive (CRD) System.

The piping and cc:nponents on the suction side of the pumps up to and including the
suction valves and the test loop up to the test tank inlet valve have a design pressure of |

'

228.8 kg/cm g for intersystem LOCA (ISLOCA) conditions.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.4 provides a definition of the inspections, tests, and/or analyses, togetherwith ;

associated acceptance criteria, which will be undertaken for the SLC System.

;

)
1

Standby iiquid ControlSystem 2.2.4-3
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I? Table 2.2.4 Standby Liquid Control System b
d W
# inspections, Tests, Analyses and Acceptance Criteria Qt

y', Design Commitment inspections, Tests, Analyses Acceptance Criteria g
a
p 1. The basic configuration of the SLC 1. Inspections of the as-built system will be 1. The as-built SLC System conforms with
$ System is shown in Figure 0.1.4. conducted. the basic configuration shown in Figure
$ 0.1.4.

) 2. The ASME Code components of the SLC 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
3 System retain their pressure boundary those Code components of the SLC ASME Code components of the SLC

integrity under internal pressures that will System that are required to be System conform with the requirements in
be experienced during service. hydrostatically tested by the ASME Code, the ASME Code, Section Ill.

3. 3. 3.

a. A test tank and associated piping and a. Tests will be conducted on each a.
valves permit testing of the SLC division of the as-built SLC System
System during plant operation. The using installed controls, power

y
tank is supplied with domineralized supplies and other auxiliaries.The g
water, which is pumped in either a following tests will be condrcted: {
closed loop or is injected into the (1) Domineralized water will be (1) Demineralized water is pumped s
reactor. pumped against a pressure with a flow rate greater than or E

"greater than or equal to 88.9 equal to 189 t/ min in the closed
2kg/cm a in a closed loop on the loop,

test tank.

(2) Demineralized water will be (2) Demineralized water is injected
injected from the test tank into the from the test tank into the reactor,
reactor,

b. The SLC System delivers at least b. Tests will be conducted on the as-built b. The SLC System injects greater than
3781/ min of solution with both pumps SLC System using installed controls, or equal to 378 liters / minute into the
operating when the reactor pressure power supplies and other auxiliaries. reactor with both pumps running E'
is less than or equal to 88.9 kg/cm a. Domineralized water will be injected against a discharge pressure of f2

2from the storage tank into the reactor greater than or equal to 88.9 kg/cm a. m.,

with both pumps running against a &
discharge pressure of greater than or O

2equal to 88.9 kg/cm a.

U iii
.v i-

-

|
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y Table 2.2.4 Standby Liquid Control System (Continued) b
b (X3

inspections, Tests, Analyses and Acceptance Criteria g*

Design Commitment inspections, Tests, Analyses Acceptance Criteria 3|)

c. The SLC System delivers at least 189 c. Tests will be conducted on the as-built c. The SLC System injects greater than
I/ min of solution with either pump SLC System using installed controls, or equal to 189 thers/ minute into the
operating when the reactor pressure power supplies and other auxiliaries. reactor with either pump running

2is less than or equal to 88.9 kg/cm a. Demineralized water will be injected against a discharge pressure greater
2from the storage tank into the reactor than or equal to 88.9 kg/cm 3,

with one pump running against a
discharge pressure of greater than or

2equal to 88.9 kg/cm a.

d. The SLC System can be manually d. Tests will be conducted on the as-built d. Each division of the SLC System
initiated from the main control room. SLC System using the manual initiates when the manualinitiation

initiation switch. switch for that division is actuated.

e. Both divisions of the SLC System are e. Tests will be conducted on the as-built e. Upon receipt of a simulated ATWS %

automatically initiated during an SLC System using simulated ATWS signal, both divisions of SLC D
ATWS. signals. automatically initiate. [

y

f. Each SLC System pump has an f. Tests will be conducted on each SLC f. Each SLC System pump is prevented E'

interlock which prevents operation if System pump start logic using from operating unless signals [
both the test tank outlet valve and the simulated valve position signals indicative of one of the following
pump suction valve are closed. conditions exist:

(1) A suction path from the storage
tank is available (the pump
suction valve is fully open).

(2) A suction path from the test tank

in is available (the test tank outlet
g valve is fully open).*

n
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p Table 2.2.4 Standby Liquid Control System (Continued) b
h inspections, Tests, Analyses and Acceptance Criteria II3

g
{ Design Commitment inspections, Tests, Analyses Acceptance Criteria %

h g. The performance of the SLC System is g. The as-built dimensions will be used g.
a based on the following plant in a volumetric analysis to calculate
d parameters: the volumes listed below:

$ (1) Storage tank pumpable volume is (1) Minimum Storage tank pumpable (1) Storage tank pumpable volume is
3 greater than or equal to 23.1 m volume. greater than or equal to 23.1 m .3 3

(2) RPV water inventorgis less than (2) RPV water inventory at normal (2) RPV water inventory is less than
3or equal to 455 x 10 kg at normal water level and 20'C. or equal to 455 x 10 kg at 20'C.

water level and 20'C.

(3) RHR shutdown coolig system (3) RHR shutdown cooling system (3) RHR shutdown cooling system

inventog is less than or equal to water inventory at 20"C. is less than or equal to
inventogkg at 20'C.130 x 10 kg at 20 C. 130 x 10

h. The SLC pumps have sufficient NPSH. h. Tests will be conducted on the as-built h. The available NPSH exceeds the E
SLC System by injecting NPSH required as demonstrated by {
demineralized water using both SLC the SLC System injecting greater than ;
System pumps from the storage tank or equal to 378 liters / minute. g
to the RPV with the storage tank at the N

low level (pump trip level) and a
temperature or greater than or equal
to 43'C.

i. The SLC System pump relief valves i. Shop or field tests will be conducted i. The SLC System pump relief valves
open when the inlet pre;sure to the using the SLC System pump to open when the inlet pressure to the
valve equals or exceeds the setpoint determine the relief valve setpoint. valve equals or exceeds 109.7

2 2(109.7 kg/cm g). kg/cm 9,

&
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i; Table 2.2.4 Standby Liquid Control System (Continued) b
b tg

inspections, Tests, Analyses and Acceptance Criteriaco

Design Commitment inspections, Tests, Analyses Acceptance Criteria M
4. In the SLC System, independence is 4. 4.

provided between Class 1E divisions, and a. Tests will be conducted on the SLC a. The test signal exists only in the Class
also between Class 1E divisions and non' System by providing a test signalin 1E Division under test in the SLC
Class 1E equipment. only one Class 1E Division at a time. System.

b. Inspection of the as-built SLC System b. In the SLC System, physical
will be performed. separation or electricalisolation exists

betwon Class 1E divisions. Physical
separation or electricalisolation exists
between these Class 1E divisions and
non-Class 1E equipment.

5. Main control room alarms, displays, and 5. Inspections will be performed on the 5. Alarms, displays, and controls exist or
controls provided for the SLC System are main control room alarms, displays, and can be retrieved in the main control room 3

*defined in Section 2.2.4. controls for the SLC System. as defined in Section 2.2.4.
k

6. MOVs designated in Section 2.2.4 as 6. Tests of the installed valves for opening 6. Upon receipt of the actuating signal, each s
having an active safety-related funct!sn will be conducted under preoperational MOV opens. 2
open under system pressure, fluid flow, differential pressure, fluid flow, and 4

and temperature conditions. temperature conditions.

7. The CVs designated in Section 2.2.4 as 7. Tests of the installed valves for opening, 7. Based on the directicn of the differential
having an active safety-related function closing, or both opening and closing, will pressure across the valve, each CV opens,
open, close, or both open and close under be conducted under system closes, or both opens and closes,
system pressure, fluid flow, temperature preoperational pressure, fluid flow, and depending upon the valve's safety
conditions. temperature conditions. function.
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2.2.5 Neutron Monitoring System

Design Description
:

The Neutron Monitoring System (NMS) is a neutron monitoring and protection
system. The functions of the system are to:

(1) Monitor the thermal neutron flux in the reactor core.

(2) Provide trip signals to the Reactor Protection System (RPS).

(3) Provide powcr information to the operator and plant control systems. '

The startup range neutron monitor (SRNM), the local power range m.onitor (LPRM),
and the average power range monitor (APRM) are classified as Class IE safety-related.
The automated incore instrument calibration system and the multi <hannel rod block i

monitor (MRBM) are classified as non-safety-related.

The SRNM monitors neutron flux from the source range to 15% of the rated power.
The SRNM has ten SRNM channels, each with one detector, which are distributed

throughout the reactor core and assigned to four divisions. The SRNM detector is a
\ fixed in< ore sensor. Detector cables are separated according to different dhisional

assignment, connected to their designated preamplifiers located in the Reactor
Building, and then transmitted to signal processing electronic units in the Control
Building.

The LPRM monitors local neutron flux in the power :3nge up to 125% of the rated
power, and overlaps with part of the SRNM range. LPRM detector assemblies are
provided and are distributed in the core, with four sensors per each LPRM assembly, to
monitorlocal neutron flux level throughout the core. The LPRM assembly also contains
space for automated in< ore calibration detector. The LPRM detector outputs are
connected to the APRM signal conditioning units in the Control Building, where the

'

signals are processed and amplified. LPRM detector signals are dhided and assigned to
four APRM channels corresponding to four dhisions. LPRM signals in each APRM
channel are summed and averaged to form an APRM signal which represents the core
average power.

~

The Oscillation Power Range Monitor (OPRM) is part of the APRM. Each OPRM
receives the identical LPRM signals from the corresponding APRM channel as inputs,
and forms many OPRM cells to monitor the neutron flux behavior of all regions of the
core. The LPRM signals assigned to each cell are summed and averaged to provide an
OPRM signal for this cell. The OPRM trip protection algorithm detects thermal

O hydraulic instability and provides trip output to the RPS if the trip setpoint is exceeded.
The OPRM bypass is controlled by the bypass of the APRM channel it resides with.

Neutron Monitoring System 2.2.5- 1 i
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The automated in-core instrument calibration system provides local power information
at various core locations that correspond to LPRM locations. The automated in-core
instrument calibration system uses its own set ofin. core detectors for local power
measurement and provides local power information for threedimension core power
determination and for the calibation of the LPRMs. The measured data are sent to the
Process Computer System for such calculation and LPRM calibration.

The MRBM uses LPRM signals to detect local power change during the rod withdrawal.
If the averaged LPRM signal exceeds a preset rod block setpoint, a control rod block
demand is issued.

Figure 2.2.5 shows the configuration of each NMS division.

Each of the four divisions of the SRNM, LPRM and APRM instruments is powered by its

respective divisiona' Class IE power supplies. In the NMS outside the primary
containment, independence is provided between Class 1E divisions, and also between
the Class IE divisions and non-Class 1E equipment.

The SRNM and APRM trip signal outputs are in four divisions. The SRNM trip and the
APRM trip logic are independent from each other. The SRNM generates a high
neutron flux trip or a short period trip signal. Any single SRNM channel trip causes a
trip in its division. The APRM can generate a high neutron flux trip, a simulated
thermal power (STP) trip signal, a rapid core flow decrease uip signal, or a core power
oscillation trip signal. The NMS provides these trip signals to the Reactor Protection
System (RPS).

The SRNM and APRM are fail-safe in the event ofloss of electrical power to any division

of theirlogic.

The NMS bypass function is performed within the NMS. Within the NMS, the bypass ,.

functions of the SRNM and the APRM are separate and independent from each other.
The SRNM channels are grouped into three bypass groups. Individual SRNM channels
can be bypassed. At any one time, up to three SRNM channels can be bypassed. At any
one time, only one APRM channel can be bypassed. A bypassed SRNM channel or a
bypassed APRM channel does not cause a trip output sent to the RPS.

The NMS provides SRNM and APRM flux permissive signals to the Safety System Logic
and Control (SSLC) as part of the SSLC anticipated transient without scram (ATWS)
logic. The SRNM and APRM flux permissive signals from the NMS indicate when the
reactor power level is above or below the setpoint in order to allow or disallow the
initiation of ATWS mitigation features.

The NMS has the following displaw md controls in the main control room:

(1) SRNM, LPRM, and APRM acutron flux displays.

2.2.S.2 Neutron Monitoring System
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(2) Trip and bypass status displays.

(3) Bypass control devices.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.5 prosides a definition of the inspections, tests, and/or analyses, together with
associated acceptance criteria,which will be undertaken for the NMS.

J

O

!
t
b
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Figure 2.2.5 Neutron Monitoring System

2.2.54 Neutron Monitoring System
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& Table 2.2.5 Neutron Monitoring System b
% 03
3 Inspections, Tests, Analyses and Acceptance Criteria QR g
[ Design Commitment inspections, Tests, Analyses Acceptance Criteria

-

;
y .=

g 1. The equipment comprising the NMS is 1. Inspection of the as-built system will be 1. The as-built NMS conforms with the
*

% defined in Section 2.2.5. conducted. description in Section 2.2.5.

k 2. The OPRM trip protection algorithm 2. Tests will be conducted on OPRM using 2. A trip signal to the RPS is generated when
3 detects thermal hydraulic instability and simelated LPRM input signals. the simulated LPRM signals cause the

provides trip output to the RPS if the trip OPRM signal to exceed the trip setpoint.
Setpoint is exceeded.

3. The MRBM uses LPRM signals to detect 3. Tests will be conducted on MRBM using 3 A control rod block demand signalis
local power change during the rod simulated LPRM input signals. Issued when the simulated averaged
withdrawal. If the averaged LPRM signal LPRM signal exceeds the preset rod block
exceeds a preset rod block setpoint, a setpoint.
control rod block demand is issued.

4. Each of the four divisions of the SRNM, 4. 4. h
a. Tests will be performed on the NMS a. The test signal exists only in the Class kLPRM and APRM instruments is powered

by its respect,ive divisional Class 1E by providing a test signal to only one 1E division under test in the NMS. $
power supplies. In the NMS Class 1E division at a time. I
independence is provided between Class N

1E divisions, and between Class 1E b. Inspection of the as-installed Class 1E b. In the NMS, physical separation or
divisions and non-Class 1E equipment. divisions in the NMS will be electrical isolation exists between

performed. Class 1E divisions. Physical
separation or electrical isolation exists
between these Class 1E divisions and

. non-Class 1E equipment.

5. The SRNM generates a high neutron flux 5. Tests will be conducted on the SRNM 5. Trip signals are generated when the;

; trip or a short period trip signal. Any using simulated neutron flux and period simulated input signals exceed trip
j single SRNM channel trip causes a trip in signals. setpoints. Any single SRNM channel trip a

the division. causes a trip in its division. f=;

6. The APRM can generate high neutron flux 6. ~ vill he conducted on the APRM 6. Trip signals are generated when the trip $
trip, a STP trip signal, a rapid core flow us.. . , ited neutron flux, and core setpoints for high neutron flux, a high j.
decrease trip signal, or a core power plate differential pressure signals. STP, a rapid core flow decrease, and a =

oscillation trip signal. core power oscillation are exceeded. {y
u -

N

|
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y Table 2.2.5 Neutron Monitoring System (Continued) b
b tlO6 Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria %

7. The SRNM and APRM are fall-safe in the 7. Tests will be conducted on the SRNM and 7. Upon loss of electrical power to one
event of loss of electrical power to any APRM by disconnecting electrical power division of either the SRNM or APRM a
division of their logic. to one division of logic at a time. trip signal is generated in that division.

8. Within the NMS, the bypass functions of 8. Inspections and tests will conducted on 8. Within the NMS, the bypass functions of
the SRNM and the APRM are separate the SRNM and APRM bypass functions. the SRNM and the APRM are separate
and independent from each other. The and independent from each other. The
SRNM channels are grouped into three SRNM channels are grouped into three
bypass groups. Individual SRNM bypass groups. Individual SRNM
channels can be bypassed. At any one channels can be bypassed. At any one
time, up to three SRNM channels can be time, up to three SRNM channels can be
bypassed. At any one time, only one bypassed. At any one time, only one
APRM channel can be bypassed. APRM channel can be bypassed.

%

9. A bypassed SRNM channel or a bypassed 9. Tests will be conducted on the SRNM and 9. No trip output signal is sent to the RDS, K
APRM channel does not cause a trip APRM bypassed channels using when a simulated input signal is provided [
output sent to the RPS. simulated input signals, to a bypassed SRNM or a bypassed s

APRM channel. E
u

10. The SRNM and APRM flux permissive 10. Test will be conducted using simulated 10. The SRNM and APRM flux permissive
signals from the NMS indicate when the SRNM and APRM flux signals. signals from the NMS indicate when the
reactor power level is above or below the reactor power level is above or below the
setpoint in order to allow or disallow the setpoint in order to allow or disallow the
initiation of ATWS mitigation features, initiation of ATWS mitigation features.

11. Main control room displays and controls 11. Inspections will be performed on the 11. Displays and controls exist or can be
provided for the NMS are as defined in main control room displays and controls retrieved in the main control room as
Section 2.2.5. for the NMS. defined in Section 2.2.5.
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2.2.6 Remote Shutdown System

Design Description

The Remote Shutdown System (RSS) provides remote manual control of safety-related
systems to bring the reactor to hot shutdown and subsequent cold shutdown conditions
from outside the main control room (MCR). Figure 2.2.6 shows the basic system
configuration and scope.

The RSS has two divisional panels and associated controls and indicators forinterfacing
|with the following systems:

(1) Residual Heat Removal (RHR) System
I

(2) High Pressure Core Flooder (HPCF) System

(3) Nuclear Boiler System (NBS) '

(4) Reactor Senice Water (RSW) System

% (5) Reactor Building Cooling Water (RCW) System

(6) Electrical Power Distribution (EPD) System

(7) Atmospheric Control (AC) System

(8) Emergency Diesel Generator (DG)

(9) Make-up Water System (Condensate), (MUWC)

(10) Flammability Control System (FCS)

(11) Suppression Pool Temperature Monitoring (SPTM) System

RSS controls and indicators are hard-wired direct to the interfacing components and
sensors.

,

The RSS is classified as a Class 1E safety-related system.

Operation of transfer switches on the RSS panel overrides and isolates the controls from
the MCR and transfers control to the RSS. Transfer switch actuation causes alarms in ;

the MCR. Indications required for plant s' tdown are provided on the RSS panels as I

shown on Figure 2.2.6. |

Remote Shutdown System 2.2.6 1

_ _ _ - _.1
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RSS Division A has the following automatic controls and interlocks for RHR System
Disision A. RSS Division B has the following automatic controls and interlocks for RIIR

System Division B and IIPCF System Division B:

(1) RIIR minimum flow valve A(B) is commanded open upon receipt of a signal
indicating low RHR flow and high RHR pump discharge pressure. The ulve
is commanded closed upon receipt of a RHR high flow signal.

(2) RHR pump A (B) is prevented from starting and commanded to stop unless
position signals exist which indicate that the valves in the suction piping are -

f ully open.

(3) RHR injection valve A(B) is prevented from opening and commanded closed
when reactor ve.v i pressure is above a setpoint.

(4) RHR shutdown cooling suction valve A is prevented from opening unless S/P
return valve A and S/P suction valve A are both fully closed.

|

(5) RHR shutdown cooling suction valve B is prevented from opening unless S/P
return valve 11, suppressing pool suction valve B, drywell spray valve B, and

werwell spray valve B are all fully closed.

(6) RHR shutdown cooling isolation suction valves A(B) are prevented from
opening and commanded closed when reactor vessel pressure is above a
setpoint.

(7) HPCF minimum flow valve B is commanded open upon receipt of a signal
indicating low H PCF flow and high HPCF pump discharge pressure. The valve
is commanded closed upon neceipt of a high HPCF flow signal.

(8) HPCF pump B is prevented from starting and commanded to stop unless
position signals exist which indicate that the valves in the suction piping are
fully open.

Each of the two RSS divisions is powered from its respective Class 1E division. In the

RSS, independence is provided between Class IE divisions, and also between the Class
1E divisions and non-Class IE equipment.

The RSS panels are located in the Reactor Building remote from the MCR.

Inspections, Tests, Analyses and Acceptance Criteria
|

Table 2.2.6 provides a definition of the visual inspections, tests and/or analyses,
together with associated acceptance criteria, which will be undertaken for the RSS.

)

!

y232 Remote Shutdown System j
l
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NOTES: T |
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g Figure 2.2.6 Remote Shutdown System g
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$ Table 2.2.6 Remote Shutdown System b
I W

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The equipment comprising the RSS is 1. Inspections of the as-built system will be 1. The as-built RSS conforms with the
defined in Section 2.2.6. conducted. description in Section 2.2.6.

2. Operation of transfer switches on the RSS 2. Tests will be conducted on each as-built 2. Operation of transfer switches on the RSS
panel overrides and isolates the controls RSS division by placing the transfer panel overrides and isolates the controls
from the MCR and transfers control to the switches in the RSS position. Continuity from the MCR and transfers control to the
RSS. tests will then be conducted between RSS RSS.

control devices and interfacing
equipment. Additional tests will be
conducted to attempt actuation of the
interfacing equipment from the MCR.

3. Transfer switch actuation causes alarms 3. Tests will be conducted on each as-built 3. Transfer switch actuation causes alarms
in the MCR. RSS division by placing the transfer in the MCR. y

switch in the RSS position.

4. RSS Division A has the following 4. - 4. - g
automatic controls and interlocks for RHR R
System Division A. RSS Division B has 4

the following automatic controls and
interlocks for RHR System Division B and
HPCF System Division B:

a. RHR minimum flow valve A(B) is a. Tests will be conducted on the RSS a. RHR minimum flow valve receives an
commanded open upon receipt of a using simulated RHR System flow and open signal when low flow and high
signal indicating low RHR flow and pump discharge pressure signals. discharge pressure signals are
high RHR pump discharge pressure. simulated. This valve receives a close
The valve is commanded closed upon signal when a high flow signal is, n

g receipt of a RHR high flow signal. simulated. g
b. RHR pump A(B)is prevented from b. Tests will be conducted on the RSS b. RHR pump receives a start signal f

g starting and commanded to stop using simulated valve position when simulated signals indicate a y
g. Unless position signals exist which signals. suction path is fuity open. A stop g.
g indicate that the valves in the suction signal is received when simulated =

w piping are fully open. signals indicate absence of a fully $
} open suction path. (sa

O O O
. - . - -
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? Table 2.2.6 Remoto Shutdown System (Continued) h
3 CD
$ Inspections, Tests, Analyses and Acceptance Criteria
e
{ Design Commitment Inspections, Tests, Analyses Acceptance Criteria
aj c. RHR injection valve A(B) is prevented c. Tests will be conducted on the RSS c. RHR injection valve receives an open

from opening and commanded closed using simulated reactor vessel signal when a low reactor vesselw
I when reactor vessel pressure is above pressure signals pressure signal is simulated. When a
3 a setpoint. high reactor vessel pressure signal is

simulated, the open signal is removed
and a close signal is received.

d. RHR shutdown cooling suction valve d. Tests will be conducted on the RSS d. RHR shutdown cooling suction valve
A is prevented from opening unless using simulated valve position A receives an open signal only when
S/P return valve A and S/P suction signals. simulated signals indicate that S/P
valve A are both fully closed. suction and return valves are both

fully closed.

e. RHR shutdown cooling suction valve e. Tests will be conducted on the RSS e. RHR shutdown cooling suction valve %
B is prevented from opening unless using simulated valve position B receives an open signal only when {
S/P return valve B, S/P suction valve signals. simulated valve-fully-closed signals t
B, drywell spray valve B, and wetwell are present. s
spray valve B are all fully closed. {

f. RHR shutdown cooling isclation f. Tests will be conducted on the RSS f. RHR shutdown cooling isolation
suction valves A(B) are prevented using simulated reactor vessel sucti-on valves receives an open signal
from opening and commanded closed pressure signals. only when the simulated reactor
when reactor vessel pressure is above vessel pressure signal is below a
a setpoint. setpoint. The valves receive a close

signal when the simulated signal
indicates reactor vessel pressure is
above a setpoint.

g. HPCF minimum flow valve B is g. Tests will be conducted on the RSS g. HPCF minimum flow valve receives &
commanded open upon receipt of a using simulated HPCF System flow an open signal when low flow and h
signal indicating low HPCF flow and and pump discharge pressure signals. high discharge pressure signals are 2.
high HPCF pump discharge pressure. simulated. This valve receives a close 5'

I The valve is commanded closed upon signai when a high flow signal is M-
*receipt of a high HPCF flow signal. simulated.
E

t a
v E
m -

o
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y Table 2.2.6 Remote Shutdown System (Continued) b
b WInspections, Tests, Analyses and Acceptance Criteria*

%gDesign Commitment inspections, Tests, Analyses Acceptance Criteria

h. HPCF pump B is prevented from h. Tests will be conducted on the RSS h. HPCF pump is permitted to start when
starting and commanded to stop using simulated valve position simulated signals indicate a suction
unless position signals exist which signals. path is fully open. A stop signalis ,

'
indicate that the valves in the suction received when simulated signals
piping are fe'ly open. indicate absence of a fvly open

suction path.

E. Each of two RSS divisions is powered 5. 5.
from its respective Class 1E division. In

a. Tests will be performed on the RSS by a. The test signal exists only in the Class
the RSS, mdependence is provided providing a test signal in only one 1E division under test in the RSS.between Class 1E divisions, and between, ,

Class 1E division at a time.
Class 1E divisions and non-Class 1E b. In the RSS, phys.ical separation or
equipment. b. Inspection of the as-built Class 1E electrical isolation exists between

divisions in the RSS will be Class 1E divisions. Physical g*
bperformed. separation or electricalisolation exists
kbetween these Class 1E division and

non-Class 1E equipment. g
u
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2.2.7 Reactor Protection System

Design Dnscription

The Reactor Protection System (RPS) is an instrumentation and control system and its ,

purpose is to initiate reactor scram whenever RPS logic requirements for scram
initiation are satisfied.

As shown in Bgure 2.2.7a, the RPS interfaces with the Neutron Monitoring System-

(NMS), Nuclear Boiler System (NBS), Control Rod Drive (CRD) System, Rod Control
and Information System (RCIS), Recirculation Flow Control (RFC) System,
Suppression Pool Temperature Monitoring System (SPTM), and the Essential
Multiplexing System (EMS). Figure 2.2.7a also depicts the implementation of RPS logic
within the Safety System Logic and Control (SSLC).

The RPS has four divisions. Figure 2.2.7b shows the RPS divisional aspects and the signal ;

flow paths from sensors to scram pilot valve solenoids. Equipment within an RPS
division consists of sensors (tmnsducers or switches), multiplexers, digital trip modules
(DTM) trip logic unit (TLU), output logic unit (OLU), and load drivers (LD). The LDs |
are onlyin Divisions II and Ill.

The RPS is classified as a Class IE safety-related system.

The RPS consists oflogic and circuitzy for initiation of both automatic and manual
!

scrams. The automatic scram function is comprised of four independent divisions of
sensor instniment channels, hardware / software based logic, and two independent
divisions of actuating devices. Automatic scram is initiated whenever a scram condition
is detected by two or more automatic dhisions of RPS logic. For automatic scram, the
sensor input signals to the RPS originate either from the RPS's own sensors or other
systems' sensors. For determination of the existence of an automatic scram condition, |
within each automatic scram channel of the RPS, the DTM of a given RPS channel
compares the monitored process variable with the stored setpoint in its memory and

,

issues a trip signal if the monitored process variable exceeds the setpoint. The DTM
'

then sends the trip signal to the TLU ofits own channel and the TLUs of the other three
channels of RPS, where two-out-of-four voting is perfonned (see Figure 2.2.7b).

In the case cuppression pool average temperature trip and inboard / outboard MSIV
closure signals, tm SPTM system and NBS provide their divisional discrete trip signals

'

(tsip/no-trip) directly to the corresponding divisional RPS DTM. However, in the case
of the NMS, the four channels of the NMS each provide their trip signals to each RPS
divisional TLU. A list of conditions that can cause automatic reactoncram is provided +

Reactor Protection System 2.2. 7- 1
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below. The name of the system that prosides the sensor input signal or the trip signal is
shown in brackets. j

|
(1) Turbine Stop Valves Closure at above 4070 power levels [RPS]

-

(2) Low Turbine Control Valves Oil Pressure (Fast Closure) at above 4070 power

levels [RPS]

(3) NMS Trips (Discrete trip signals to RPS TLUs]

(4) High Reactor Pressure [NBS]

(5) Low Reactor Water Level [NBS]

(6) High Drywell Pressure [NBS]

(7) Main Steamline Isolation [NBS discrete signals to RPS DTMs]

(8) Low Control Rod Drive Accumulator Charging Header Pressure [CRD]

(9) High Suppression Pool Average Tempenture [SPTM discrete signals to RPS
DTMs]

The TI Us provide their t2ip signals to their divisional OLUs which are used to control
the solid-state LDs that control the Class 1E AC power to the scram solenoids, and relays
that control DC power to back-up scram valves. For automatic scram initiation, the TLU
trip signals cause the LDs to internipt Class IE AC power to the scram solenoids (fail-
safe logic), cause the back-up scram relays to supply DC power to back-up scram
solenoids, and provide scram follow signals to the RCIS. Each division of RPS controls
eight LDs. The LDs are arranged to switch AC power to the scram solenoids in a two-
out<>f-four format. That is, reactor scram will occur only if two or more divisions of the

RPS prmide trip signals to their associated LDs.

Manual scram function, which is separate and independent from automatic scram logic,
is implemented in Divisions Il and III of the RPS. For manual scram initiation, two
manual scram push buttons of the RPS must be simultaneously depressed. When
manual scram is initiated, the RPS, through manual scram switches, interrupts Class IE
AC power to the scram solenoids, connects divisional Class 1E DC power to scram air
header dump valves (back-up scram valves), and provides scram follow signals to RCIS.
The RPS logic seals in the scram signals and permits reset of scram logic after a time
delay of at least 10 seconds.

The RPS design is single-failure-proof and redundant. Also, the RPS design is fail-safe in

i the event ofloss of electrical power to one division of RPS logic.

2.2.72 Reactor Protection System
i

|
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Each of the four RPS divisionallogic and associated sensors are powered from their
respective divisional Class IE power supply. In the RPS, independence is provided
between Class IE divisions, and also between the Class IE divisions and non-Class IE

equipment.

As shown on Figure 2.2.7a, the RPS has manual divisional trip switches, reactor mode
switch, manual scram switches, and scram reset switches for manual controls. Divisional

trip displays, and scram solenoids electrical power status lights are also provided.These
RPS controls and displays are provided in the main control room. RPS sensors are
turbine control valve oil pressure switches, turbine stop valve position switches, and
turbine first-stage pressure sensors. These sensors are located in the Turbine Building.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.7 provides a definition of the inspections, tests, and/or analyses, together with
associated acceptance criteria, which will be performed for the RPS.

I j

!

Reactor Protection System 2.2. 7-3
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U Table 2.2.7 Reactor Protection System h
y 03*

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections. Tests, Analyses Acceptance Criteria

1. The Equipment comprising the RPS i:s 1. Inspection of the as-built system will be 1. The as built RPS conforms with the
defined in Section 2.2.7. conducted. description in Section 2.2.7.

2. RPS logic uses four independent sensor 2. Tests will be conducted using simulated 2. The RPS LDs change their states to
instrument channels of each process input signals for each process variable to interrupt electrical power to scram
variable described in Section 2.2.7 for its cause trip conditions in two, three, and solenoids. RPS back-up scram relays
automatic scram function. four instrument channels of the same close and RCIS relays close to provide

process variable of the RPS. signals to RCIS.

3. For manual scram initiation two manual 3. Tests will be conducted by depressing the 3. When manual scram push-button A is
scram push buttons of the RPS must be scram push button A, the B scram push- depressed Division il AC power to A
simultar'eously depressed. button, and both, scram solenoids is interrupted. When

scram push button B is depressed
Division ll! AC power to B scram u

$solenoids is interrupted.When both A & B
scram push buttons are depressed k
reactor scram occurs, RPS back-up scram @
relays close to energize the solenoids of (
scram air header dump valves and RCIS
relays close to provide signals to the
RCIS.

4. The RPS logic seals in the scram signal, 4. Tests will be conducted by attempting to 4. During the 10 second time period after
and permits reset of scram logic after a reset RPS scram circuitry during the 10 scram initiation, reset does not occur.
time delay of at least 10 seconds. seconds time period after scram

initiation.

5. RPS design is fail-safe in the event of loss 5. Tests will be conducted by disconnecting 5. Upon loss of electrical power to one n,

: of electrical power to one division of RPS electrical power to one division of RPS division of RPS logic, the LDs of that 3
@ logic. logic at a time, division change their state to interrupt $

electrical power to scram solenoids. g
3g

$ T
5

3 E.
s e.

O O O
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ir Table 2.2.7 Reactor Protection System (Continued) bB-
a inspections, Tests, Analyses and Acceptance Criteria tu
T
a Design Commitment inspections, Tests, Analyses Acceptance Criteria
3
6- 6. Each of the four RPS divisional logic and 6. 6.
$ associated sensors are powered from

a. Tests will be performed on the RPS by a. The test signal exists only in the Classj their respective divisional Class 1E power
,

3 supply. In the RPS, independence is providing a test signal to only one 1E division under test in the RPS.,

Class '.:1 division at a time,provided between Class 1E divisions, and
between Class 1E divisions and non-Class b. Inspection of the as-installed Class 1E b. In the RPS physical separation or
1E equipment. divisions in the RPS will be electrical isolation exists between

performed. Class 1E divisions. Physical
separation or electricalisolation exists
between these Class 1E divisions and
Non-Class 1E equipment.

7. Main control room displays and controls 7. Inspections will be performed on the 7. Displays and controls exist or can be
provided for the RPS are as defined in main control room displays and controls retrieved in the main control room as ySection 2.2.7. for the RPS. defined in Section 2.2.7. g

s
.::
u

$
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2.2.8 Recirculation Flow Control System

Design Description

The Recirculation Flow Control (RFC) System controls reactor power by controlling the
recirculation flow rate through the reactor core. This is achieved by modulating the
recirculation internal pump (RIP) speeds using voltage and frequency modulation of
adjustable speed drive (ASD) outputs. <

The RFC System consists of redundant microprocessor-based controllers, adjustable
speed drives, and motor generator (MG) sets. There are two MG sets, each of which
supplies three of the ten ASDs which power the ten RIPS. No more than three RIPS are
connected to any one power supply bus.

The RFC System operates in either manual or automatic control modes and has the
control interfaces shown on Figure 2.2.8.

Except for the core plate differential pressure sensors provided for the Neutron
'

Monitoring System (NMS), the RFC System is classified as non-safety-related. The four
core plate differential pressure sensors for the NMS are classified as Class 1E safety-
related.

RFC System logic uips four of the ten RIPS when any one of the following conditions
occurs:

(1) Turbine trip or generator load rejection when reactor power exceeds a preset *

level.
|

(2) Reactor water level drops below a preset level.

The RFC System has the following logic to mitigate an anticipated transient without

scram (ATWS) event:

(1) A signal to open the alternate rod insertion (ARI) valves in the Control Rod
Drive (CRD) System on either a high reactor vessel pressure signal or a low
reactor water level signal.

(2) A signal to the Rod Control and Information System (RCIS) to initiate
electrical insertion of all control rods on either high reactor vessel pressure
signal or a low reactor water level signal.

(3) A signal to trip four of the ten RIPS on a high reactor vessel pressure signal.
o,

(
!(4) A signal to trip six additional RIPS on a low reactor water level signal. Three of

the six RIPS are tripped after a preset time delay. ;

Recirculation Flow Control System 2.2.8- 1
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(5) A signal to open the ARI valves in the CRD System on receipt of a manual ARI

signal from the RCIS.

(6) A signal to reduce RIP speed on a scram signal or a high reactor vessel pressure
signal or a low reactor water level or a manual ARI initiation signal.

The RFC System logic issues a signal to the RCIS for selected control rod run-in (SCRRI)
into the core to provide stability control when the following conditions occur:

(1) Two or more RIPS are tripped.

(2) The reactor power is at or above the preset level.

(3) Core flow is at or below the preset level.

The RFC System logic issues a signal to reduce RIP speed on receipt of a signal from the ,

RCIS that an all-rod insertion condition exists.

After the power supply breakers open to the MG set, the MG sets are capable of holding
the connected RIPS at their original speeds for at least one second and, after 1 second,

assure the speed is at or above a speed coastdown cutre defined by a rate of speed
decrease of 10% per second (initiated at I second after power supply breakers open)
for an additional two seconds.

Each channel of the RFC System controller is powered by separate non-Class 1E
unintermptible power supplies. Each of the four safety-related RFC System core plate
differential pressure sensors is powered from its respective divisional Class 1E power
supply. In the RFC System, independence is provided between the Class 1E divisions,
and also between the Class 1E divisions and non-Class IE equipment.

The RFC System digital controllers and MG sets are located in the Control Building.
The ASDs and core plate differential preaure sensors are located in the Reactor
Building.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.8 provides a definition of the inspections, tests, and/or analyses, together with
the associated acceptance criteria, which will be undertaken for the RFC System.

O
2.2.8-2 Recircu!ation Flow ControlSystem



.
{

hm

{, --)
I g

e g

E | RCIS MANUAL MANUAL
I CONTROLy ] ARI

h PLANT
--

4 SENSORS

k V U
p--- ,

$ g y* TURGINE
TRIP / GENERATOR,G ! RPS4 LOAD REJECTION |8 I ' SCRAM

3 5---- -------* SPEED DEMAND 7%

p---------1 AND PUMP TRIF #DD*

FDWC LOW REACTOR | SIGNALS (TYPICAL OF 10) (TYPICAbOF 10)
| SYSTEM

m

WATER LEVEL |
^

g
-______;

F-----__-- 1 RFC SYSTEM r-----
!ARI SIGNAL

| SB&PC REACTOR VESSEll CONTROLLER >| TO CRD | 4-
"

g SYSTEM PRESSURE | SYSTEM |-----.---_J 1

p--- - _ _ _ _ _ ,

| LOW REACTOR I .$
5m

NDS ^

| WATER LEVEL | w
-_.-_______a

CONTROL RODIp---------1
l'NMS NEUTRON FLUX i > m| . RUN-IN |

"| SIGNAL ' |'----------J
To RCIS |-------, ;p -- PLANT INPUT

~

mI
I SIGNALS I

^

L

r----iCORE PLATE DIFFERENTIAL e
" _ _ _NMS_I"' *

PRESSURE (NOTE 2)

| u.
t:

NOTE: 3
1. INTERCONNECTIONS MAY BE FIBER-OPTIC OR METALLIC. iB'

*
2. ONE SENSOR ASSIGNED TO EACH OF FOUR CLASS 1E DIVISIONS.

| C+ ' Figure 2.2.8 Recirculation Flow System Control Interface Diagram ' F'

|
w ~

|

b

_ _ _ . __ . . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . . ~ . . _ . , _ _ . . . _ - - _ _ _ . _ _ . . . . . . _ . - _ _ - . _ . ~ . . . , _ , . . . _ . . . . _ . . . . , . _ . . , . . _ _ _ _ , _ . _ . , . . .



4 Table 2.2.8 Recirculation Flow Control System b
g_ CD

inspections, Tests, Analyses and Acceptance Critella

Design Commitment inspections, Test, Analyses Acceptance Criteria

1. The equipment comprising the RFC 1. Inspections of the as-built system will be 1. The as-built RFC System conforms with
System is defined in Section 2.2.8. conducted. the description in Section 2.2.8.

2. RFC System consists of redundant 2. Tests will be conducted by simulating 2. There is no foss of RFC System output
microprocessor based controllers. failure of each operating RFC System upon loss of any one controller.

controller.

3. The RFC System logic trips four of the ten 3. Tests will be conducted on the as-built 3. The RFC System logic trips four of the ten
RIPS when any one of the following RFC System using a simulated turbine RIPS when a signal is received indicating
conditions occurs: trip / generator load rejection signal and a any one of the following simulated

simulated reactor vessel pressure signal. conditions occurs:
a. Turb:ne trip or generator load

rejection when reactor power exceeds a. Turbine trip or generator load
a preset level. rejection when reactor power exceeds ,

a preset level. g
b. Reactor water level drops below a

preset level. b. Reactor water level drops below a f
preset level. p

4. The RFC System has the following logic 4. Tests will be conducted on the as-built 4. The RFC System logic issues the b
to mitigate an ATWS event: RFC System using simulated scram, following signals to mitigate an ATWS

reactor vessel pressure, reactor water event:
a. A signal to open the ARI valves of the

level, and manual ARI signals.CRD System on either a high reactor a. A signal to open the ARI valves of the
vessel pressure signal or a low CRD System upon receipt of either a
reactor water level signal. simulated high reactor vessel

pressure signal or a simulated low
? b. A signal to the RCIS to initiate reactor water level signal.
g. electrical insertion of all control rods
5 on either a high reactor vessel b. A signal to the RCIS to initiate n

{ pressure signal or a low reactor water electricalinsertion of all control rods [
n level signal. upon receipt of either a simulated R
y high reactor vessel pressure signal or @
p a simulated low reactor water level Q

$ signal. T
5

2 e
e a.

O O O
. - -
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y Table 2.2.8 Recirculation Flow Control System (Continued) b
9. g
{ Inspections, Tests, Analyses and Acceptance Criteria g
[ Design Commitment inspections, Test, Analyses Acceptance Criteria M

f 4. (continued) 4. (continued) 4. (continued)

9
a c. A signal to trip four of the ten RIPS on c. A signal to trip four of the ten RIPS
1 a high reactor vessel pressure signal. upon receipt of a simulated high

{ reactor vessel pressure signal.

3 d. A signal to trip six additional RIPS on a d. A signal to trip six additional RIPS
low reactor water level signal. Three upon receipt of a simulated low
of the six RIPS are tripped after a reactor water level signal.Three of the
preset time delay, six RIPS are tripped after a preset time

delay.

e. A signal to open the ARI valves in the e. A signal to open the ARI valves in the
CRD System on receipt of a manual CRD System upon receipt of a y

ARI signal from the RCIS. simulated manual ARI signal. p

f. A signal to reduce RIP speed on a f. A signal to reduce RIP speed upon k
scram signal or a high reactor vessel n Wpt of a simulated scram signal or y
pressure signal or a low reactor water ' lated high reactor vessel ;
level or a manual ARIinitiation signal. . are signal or a simulated low

reactor water level or a simulated
manual ARIinitiation signal.

5. The RFC System logic issues a signal to 5. Tests will be conducted on the as. built 5. The RFC System logic issues signal to the
the RCIS for SCRRI into the core to RFC System using simulated two RIPS RCIS for SCRR1 into the core upon receipt
provide stability control when the tripped, reactor power, and core flow of simulated signals for;
following conditions occur: signals. a. Two or more RIPS are tripped.
a. Two or more RIPS are tripped. b The reactor power is at or above a n
b. The reactor power is at or above a preset level. $*presetIeveI. c. Core flow is at or below a preset level. E,

c. Core flow is at or below a preset wiel. y
I
P

U n
v E. -
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y Table 2.2.8 Recirculation Flow Control System (Continued) b
4 D3

Inspections, Tests, Analyses and Acceptance Criteria g*

Design Commitment inspections, Test, Analyses Acceptance Criteria 33

6. The RFC System logic issues a sigEl to 6. Tests will be conducted on the as-built 6. The RFC System logic uses a signal to
reduce RIP speed on receipt of a signal RFC System using a simulated RCIS all- reduce RIP speed on receipt of a signal
from the RCIS that an all-rod insertion rod insertion signal. from the RCIS that an all-rod insertion
condition exists. signal exists.

7. After the power supply breakers open to 7. Tests will be conducted at a test facility 7. After the power supply breakers open to
the MG set, the MG sets are capable of with an M/G set and three associated the MG set, the ASD output frequency
holding the connected RIPS at their ASDs using simulated full load remains within 1% of the original output
original speeds for at least one second characteristics of the RIPS and frequency for at least one second, and
and, after 1 second, assure the speed is at disconnecting power to M/G sets while then for an additional two seconds the
or above a speed coastdown curve operating at full speeds, or analyses will ASD output frequency shall be equal to or
defined by a rate of speed decrease of be performed to demonstrate greater than a curve defined by a rate of
10% per second (initiated at 1 second applicability of prior tests and test results frequency decrease of 10% per second
after power supply breakers open) for an to the as-built RFC System MG sets and (initiated at 1 second after the power g
additional two seconds. ASDs. supply breakers to the MG set are p

opened). y

8. Each channel of the RFC System digital 8. Tests will be performed by providing a 8. The test signals exist in only one digital f
*controller is po.vered by separate non- test signal in only one uninterruptible control channel at a time.

Class 1E uninterruptible power supplies. power supply at a time.

9. Each of the four RFC System core plate 9. 9.
differential pressure sensors is powered

, , a. Tests will be performed on the RFC a. The test signal exists only in the Class
from its respective divisional Class 1E System by providing a test signal in 1E division under test in the RFC
power supply. In the RFC System, only one Class 1E division at a time. System.
Independence is provided between Class.

( 1E divisions, and between Class 1E b. Inspection of the as-built Class 1E b. In the RFC System, physical

5 divisions and non-Class 1E equipment. divisions in the RFC System will be separation or electrical isolation exists n
& performed. between Class 1E divisions. Physical *

$ ser ration or electrical isolation exists h
j between these Class 1E divisions and g
9 non-Class 1E equipment. p,

R &=
B
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2.2.9 Automatic Power Regulator System

Design Description

The Automatic Power Regulator (APR) System controls reactor power during reactor
startup, power generation, and reactor shutdown by commands, either directly or
indirectly, to change rod positions, or to change reactor recirculation flow or load
setpoint. The APR System consists of redundant digital controllers and has the
interfaces shown in the controlinterface diagram on Figure 2.2.9.

The APR System is classified as non-safety-related.

The APR System operates in either manual or automatic control mode. The system
control logic is performed by redundant, digital controllers. The digital controller
receives inputs from interfacing system via the non-essential multiplexing system
(NEMS). It performs power control calculations and provides system outputs to the
NEMS.

The APR System digital controllers are located in the Control Building.

Inspections, Tests, Analyses and Acceptance Criteria

:

Table 2.2.9 provides a definition of the inspections, tests and/or analyses, togetherwith
associated acceptance criteria, which will be undertaken for the APR System.

b

Automatic Power Regulator System 2.2.9- 1
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$ Table 2.2.9 Automatic Power Regulator System b
#

3
a inspections, Tests, Analyses and Acceptance Criteria 5gs
& Design Commitment inspections, Tests, Anelyses Acceptance Criteria
E

[ 1. The equipment comprising the APR 1. Inspections of the as-buil: system will be 1. The as-built APR System conforms with
q System is defined in Section 2.2.9. conducted. description in Section 2.2.9.
C

( 2. The system control logic is performed by 2. Tests will be performed by simulating 2. There is no loss of APR System output

a redundant digital controllers. failure of each operating APR System upon loss of any one digital controller.

I 1 digital controlier.
0 |
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2.2.10 Steam Bypass and Pressure Control System

|

Design Description

The Steam Bypass and Pressure Control (SB&PC) System controls the reactor pressure )
during reactor startup, power generation, and reactor shutdown by control of the
turbine bypass valves and signals to the Turbine Control System which controls the
turbine control valves. The SB&PC System consists of redundant digital controllers and

,

has the interfaces shown in the controlinterface diagram on Figure 2.2.10. '

'
The SB&PC System is classified as non-safety-related.

The SB&PC System operates in either manual or automatic control modes. The system
control calculations and logic are performed by redundant digital controllers.

The SB&PC System digital controllers are located in the Control Building.

Inspections, Tests, Analyses and Acceptance Criteria ;

Table 2.2.10 provides a definition of the inspections, tests, and/or analyses, together

b with associated acceptance criteria, which will be undertaken for the SB&PC System.
'

\

<

l

|

!

|
!
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'f
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i

Steam Bypass and Pressure Control System 2.2.10-1

. ..

. . - . . _ . _ _ _ . _ _ . _ _ _



g v. B ! *

b# n E h = e 3 d'$e@'

O

| | | I ] | ,I m
| I

_
- _ _ a

- _ M _ g
r

L E aE OM E SM
I RE - N SE _ T _ i

N
I S D

BTT BAT Y _RNS - RPS _ S c
e

UO Y UYY _ aTC S - T BS _ C fF r

- _ R _ e
_ _ n

t

r|I

!>|
r| | L

I
j l

m" k o
l

'

r
t
n
o
C
m
e
t
s
y
S

L
L O l

A C M o
U R P E r

tT V & T ON N B S n
A
M S Y oO

C S C
e
r
u

. sC s
I eL
L r
A P

m" T dE nM a
R s
O s

aC
I p
T y

, | | J P BO
_ _ R m.

_ T _ E a
B eU t

_ P S _ IF SLN E
_

I A _ B 0T N Y 1

_ N IG .. A 2AS
_ M 2L_ P S e
_ N r_
.

I
u

.
O
T g

.
iI C F

E
N
N
O
C
R

T I OE
E:TN
O .
N1

yb [o{E &7$eapgG1i

.



f3 O

E Table 2.2.10 Steam Bypass and Pressure Control System b
I W
= Inspections, Tests, Analyses and Acceptance Criteria 5
% $
g Design Commitment inspections, Tests, Analyses Acceptance Criteria

k 1. The equipment comprising the SB&PC 1. Inspections of the as-built system will be 1. The as-built SB&PC System conforms
y System is defined in Section 2.2.10. conducted. with the description in Section 2.2.10.

! 2. The SB&PC System consists of redundant 2. Tests will be performed by simulating 2. There is no loss of SB&PC System output
digital controllers. failure of each operating SB&PC System upon loss of any one digital controller.*

f digital controller.

h 3. The SB&PC System controls the reactor 3. A test will be conducted by simulating an 3. Signals to decrease the reactor pressure
3 pressure during reactor startup, power increasing reactor pressure signal. occur for the turbine bypass valves and
3 generation, and reactor shutdown by the Turbine Control System.

control of the turbine bypass valves and
signals to the Turbine Control System
which controls the turbine control valves.
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2.2.11 Process Computer System

Design Description
.

The Process Computer System (PCS) consists of redundant digital central processing ,

units and associated peripheral equipment and is classified as a non-safety-related
*

system.

The PCS perfonns local power range monitor (LPRM) calibradons and calculadons of
fuel operating thermal limits data which it provides to the automated thermal limit
monitor (ATLM) function of the Rod Control & Infonnation System (RCIS) for the
purpose of updating rod block setpoints.

The PCS functions also as a top-level controller which monitors the overall plant
'

conditions, issues control commands and adjusts setpoints oflower level controllers to

support automation of the nonnal plant startup, shutdown and power range operations.
In the event that abnormal conditions develop in the plant during operations in the
automatic mode, the PCS automatically reverts to the manual mode of operation.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.11 provides a definition of the inspections, tests and/or analyses, together
'

with associated acceptance criteria, which will be undertaken for the PCS.
.

f

I
!
t
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,
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U
i

Process Computer System 2.2.11-1 |
|
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E Table 2.2.11 Process Computer System b
: CD
4 Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The equipment comprising the PCS is 1. Inspections of the as-built system will be 1. The as-built PCS conforms with the
defined in Section 2.1.11. conducted. description in Section 2.2.11.

2. The PCS provides LPRM calibration and 2. Tests of the as-built PCS will be 2. LPRM calibration and fuel thermal limits
fuel operating thermal limits data to the conducted using si.nulated plant input data are received by the ATLM ' action of
ATLM function of the RCIS. signals. the RCIS.

3. In the event that abnormal conditions 3. Tests of the as-built PCS will be 3. Upon receipt of the abnormal plant input
develop in the plant during operations in conducted using simulated abnormal signais, the PCS automatically revens to
the automatic mode, the PCS plant input signals, while the PCS is in the the manual operating mode.
automatically reverts to the manual automatic operating mode.
operating mode.
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2.2.12 Refueling Platform Control Computer :
i

No entry for this system. ,

;
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Refueling Platform Control Computer 2.2.12-1/2
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2.2.13 CRD Removal Machine Control Computer
.

No entry for this system. :
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2.3.1 Process Radiation Monitoring System
.

Design Description

The Process Radiation Monitoring (PRM) System measures and displays radioacthity i

levels in process and effluent gaseous and liquid streams, initiates protective actions,
and activates alarms in the main control room (MCR)on high radiation signals. The
PRM System provides radiological monitoring during plant operation and following an

'
accident. PRM System equipment consists of radiation sensors, radiation process
monitors, and effluent samplers. The PRM System consists ofindependent subsystems

,

each of which contains between one and four monitoring channels. Figure 2.3.1 shows
the PRM System control interfaces. As shown on Figure 2.3.1, the PRM System safety-
related channel trip signals are provided as inputs to the Safety System Logic and
Control (SSLC) fo generation of protective action signals.

Portions of the PRM System are classified as Class IE safety-related (items 1 through 5
below); the remainder are classified as non-safety-related.

The PRM System provides the following monitoring functions:

(1) Main Steam Line (MSL) Tunnel Area (4 channels)

The MSL tunnel area is monitored for gamma radioactivity in the steam flow
to the turbine. Protective action signals are automatically initiated when any
two out of four channels trip.

(2) Reactor Building Heating Ventilating and Air Condition (HVAC) Exhaust (4
channels) .

The air vent exhaust irom the secondary containment is monitored for
gamma radioacthity. Protective action signals are automatically initiated when
any two out of four channels trip. >

(3) Fuel Handling Area Ventilation Exhaust (4 channels)

The air vent exhaust from the fuel handling area is monitored for gamma
radioactivity. Protective action signals are automatically initiated when any two
out of four channels trip.

(4) Control Building Intake Air Supply (4 channels per intake)

The air supply intake to the Control Building is monitored for gamma
radioactivity. Protective action signals are automaticallyinitiated when any two
out of four channels trip.

Process Radiation Monitoring System 2.3.11
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(5) Dgwell Sump Liquid Discharge (I channel per sump)

The liquid waste discharged from each of the dqwell LCW and HCW sumps
to the Radwaste Building is monitored for gamma radioacthity. A protective
action signal is automaticallyinitiated when a channel trips.

(6) Off-Gas Post-Treatment Discharge (2 channels)

The off-gas discharge from the charcoal vault to the stack is sampled and
monitored for airborne radioacthity. Protective action signals are
automatically initiated when both channels trip.

,

(7) Plant Stack Discharge (2 channels)

The ventilation and the gaseous discht rge from the plant stack is sampled and
monitored for airborne radioactivity. An alarm is initiated when the detected
radiation level exceeds the trip setpoint.

|
(8) Radwaste Liquid Discharge (1 channel)

1

The radwaste liquid discharged from the plant is sampled and monitored for !
| gamma radioactivity. A protective action signalis automatically initiated when i

| I
the channel trips.

(9) Intersystem Radiation Leakage (3 channels) ,

Reactor coolant leakage into the Reactor Building Cooling Water (RCW)
'

System is monitored for gamma radioactivity. One channel is provided for
each RCW System division. An alarm is initiated when the detected radiation
level exceeds the trip setpoint. )

(10) Turbine Gland Seal Condenser Exhaust (1 channel)

The exhaust discharged from the turbine gland seal condenser is monitored
for gamma radioacthity. An alarm is initiated when the detected radiation
level exceeds the trip setpoint.

Each safety-related PRM System radiation monitoring channel is powered from its
respective dhisional Class IE power source. In the PRM System, independence is
provided between Class 1E dhisions, and also between the Class 1E divisions and non-
Class 1E equipment.

The PRM System radiation sensors and the effluent samplers are installed locally in the
plant, while the radiation process monitors are located in the Control Building.

2.3.1-2 Process Radiation Monitoring System
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The PRM System has the following alarms and displays in the MCR-

(1) Displays of radiation levels.

(2) Channel trip status. <

(3) Plant stack discharge, intersystem leakage, and turbine gland seal condenser
exhaust radiation alarms.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.3.1 provides a definition of the inspections, tests and/or analyses, together with
the associated acceptance criteria, which will be undertaken for the Process Radiation
Monitoring System.
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F Table 2.3.1 Process Radiation Monitoring System b
4 th
{ inspections, Tests, Analyses and Acceptance Criteria Q

D
h Design Commitment Inspections, Tests, Analyses Acceptance Criteria

k 1. The equipment comprising the PRM 1. Inspection of the as-built system will be 1. The as-built PRM System conforms with

{ System is defined in Section 2.3.1. conducted. the description in Section 2.3.1.

( 2. The MSL tunnel area is monitored for 2. Tests will be conducted using simulated 2. Protective action signals are

d gamma radioactivity in the steam flow to signals to cause trip conditions. automatically initiated when any two out

|g the turbine. Protective action signals are of four channels trip.
g automatically initiated when any two out
3 of four channels trip.

3. The air vent exhaust from the secondary 3. Tests will be conducted using simulated 3. Protective action signals are
containment is monitored for gamma signals to cause trip conditions. automatically initiated when any two out

| radioactivity. Protective action signals are of four channels trip.
automatically initiated when any two out
of four channels trip. y,

b

4. The air vent exhaust from the fuel 4. Tests will be conducted using simulated 4. Protective action signals are {
handling area is monitored for gamma signals to cause trip conditions. automatically initiated when any two out ;

| radioactivity. Protective action signals are of four channels trip. R
**automatically initiated when any two out

of four channels trip.

5. The air supply intake to the Control 5. Tests will be conducted using simulated 5. Protective action signals are
Building is monitored for gamma signals to cause trip conditions. automatically initiated when any two out

| radioactivity. Protective action signals are of four channels trip.
automatically initiated when any two out
of four channels trip.

6. The liquid waste discharged from each of 6. Tests will be conducted on each drywell 6. A protective action signal is automatically
the LCW and HCW drywell sumps to the sump using a simulated signal to cause a initiated when a channel trips. ?
Radwaste Building is monitored for trip condition. g
gamma radioactivity. A protective action ;;,

signal is automatically initiated when a y
channel trips. J.
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t Table 2.3.1 Process Radiation Monitoring System (Continued) b
' IX3
6 Inspections, Tests, Analyses and Acceptance Criteria e-

Design Commitment inspections, Tests, Analyses Acceptance Criteria %

7. The off. gas discharge from the charcoal 7. Tests will be conducted using simulated 7. Protective action signals are generated
vault to the stack is sampled and signals to cause trip conditions. when both channels trip.
monitored for airborne radioactivity.
Protective action signais are
automatically initiated when both
channels trip.

8. The ventilation and the gaseous 8. Tests will be conducted using simulated 8. An alarm is initiated when the detected
discharge from the plant stack is sampled signals to cause trip conditions. radiation level exceeds the trip setpoint.
and monitored for eirborne radioactivity.
An alarm is initiated when the detected
radiation level exceeds the trip setpoint.

9. The radwaste liquid discharged from the 9. Tests will be conducted using simulated 9. A protective action signal is automatically y

plant is sampled and monitored for signals to cause trip conditions. initiated when the channel trips. {
gamma radioactivity. A protective action t

signal is automatically initiated when the y
channel trips. s

%

10. Reactor coolant leakage into the Reactor 10. Tests will be conducted using simulated 10. An alarm is initiated when the detected
Building Cooling Water (RCW) System is signals to cause trip conditions. radiation level exceeds the trip setpoint.
monitored for gamma radioactivity. One
channel is provided for each RCW
division. An alarm is initiated when the

g detected rodlation level exceeds the trip
2 setpoint.
R
ip 11. The exhaust discharged from the turbine 11. Tests will be conducted using simulated 11. An alarm is initiated when the detected

$ gland seal condenser is monitored for signals to cause trip conditions. radiation level exceeds the trip setpoint. &
& gamma radioactivity. An alarm is initiated %
$ when the detected radiation level exceeds E.

3 the trip setpoint. E'

$. E
=

3 k
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g Table 2.3.1 Process Radiation Monitoring System (Continued) b
R t33
: Inspections, Tests, Analyses and Acceptance Criteria
a
g Design Commitment inspections, Tests, Analyses Acceptance Criteria

( 12. Each safety-related PRM System radiation 12. 12.

g monitoring channel is powered from its a. Tests will be performed on the PRM a. The test signal exists only in the Class
g respective divisional Class 1E power System by providing a test signal to 1E division under test in the PRM
g source. In the PRM System, only one Class 1E division at a time. System.

independence is provided between Classe

? 1E divisions, and between Class 1E b. Inspection of the as-built Class 1E b. In the PRM System, physical
E divisions and non-Class 1E equipment. divisions in the PRM System will be separation or electrical isolation exists
3 performed. between Class 1E divisions. Physical

_

separation or electricalisolation exists
between these Class 1E divisions and
non-Class 1E equipment.

13. Main control room alarms and displays 13. Inspection will be performed on the main 13. Alarms and displays exist or can be
provided for the PRM System are as control room PRM System alarms and retrieved in the main control room as y

*
defined in Section 2.3.1. displays, defined in Section 2.3.1.
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2.3.2 Area Radiation Monitoring System

Design Description

The Area Radiation Monitoring (ARM) System measures the gamma radiation levels at
assigned locadons within the plant, displays the measurements in the main control
room, and activates alarms when the detected radiation levels exceed preset limits.

The ARM System is a multiple channelinstrumentation system consisdng of radiation
monitors, their associated detectors, and local audible alarms. Each ARM channel ,

'
monitors the radiation level in its assigned area, and initiates a main control room

i (MCR) alarm and a local alarm (if provided) when the radiation level exceeds a preset
| limit.

The ARM System is classified as non-safety-related.

The ARM System radiation sensors and the audible warning alarms are installed locally
in the plant, while the radiation monitors are located in the Control Building.

The ARM System has the following alanns and displays in the MCR-

(1) Displays of radiation levels.

(2) Channel trip status.

| (3) Alarms,

inspections, Tests, Analyses and Acceptance Criteria

Table 2.3.2 provides a definition of the inspections, tests, and/or analyses, together with
associated acceptance criteria, which will be undertaken for the Area Radiation
Monitoring System.

'

Area Radiation Monitoring System 2.3.2- 1
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# Table 2.3.2 Area Radiation Nionitoring System b
9 03"

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The equipment comprising the ARM 1. Inspection of the as-built system will be 1. The as-built ARM System conforms with
System is defined in Section 2.3.2. conducted. the description in Section 2.3.2.

2. Each ARM channel monitors radiation 2. Tests will be conducted using simulated 2. The MCR alarm and local audible alarm (if
levelin its assigned area, and initiates a signals for each channel. provided) are initiated when the
MCR alarm and a local audible alarm (if simulated radiation level exceeds a preset
provided) when the radiation level limit.
exceeds a preset limit.

3. MCR alarms and displays provided for the 3. Inspections will be performed on the MCR 3. Alarms and displays exist or can be
ARM System are as defined in Section alarms and displays for the ARM System. retrieved in the MCR as defined in Section
2.3.2. 2.3.2.

. .

$
$
s
2
%

k
a
:=
E D
!E R
$~ $
e =
3 @
l' &
3- 13

%
i ag 3.
3 !!f

O O O
. - --_



1

25AS447 Rev. 2

ABWR cenisesoesiganteriai
i

V :
i

2.3.3 Containment Atmospheric Monitoring System

Design Description

The Containment Atmospheric Monitoring System (CAMS) is used for post-accident
monitoring of the primary containment. The purpose of the CAMS is to:

'

(1) Provide information on combustible levels of oxygen and hydrogen in the
primary containment. ;

'

(2) Detect and measure the radiation level within the primary containment
during and following an accident.

(3) Detect and measure the hy* ogen concentration within the primary
containment during and following an accident.

,

The system monitors the atmospheric conditions in the drywell and in the suppression
chamber for radiation levels and for hydrogen and oxygen gas concentration levels,

'

displays the measurements in the main control room (MCR), and nctivates alarms in the
MCR upon detection of high levels of radiation and/or gas concentrations. ,

The CAMS consists of two independent divisions and each division is composed of two,

radiation channels and oxygen / hydrogen gas monitoring equipment.

'

The CAMS is classified as a Class IE safety-related system.

Operation of each CAMS division can be activated manually or automatically during a
'

post-accident condition by a signal indicating a high drywell pressure or a low reactor
water level.

One radiation channel of each CMIS division monitors the radiation levelin the
drywell and the other channel monitors the radiation level in the suppression chamber.

The oxygen / hydrogen monitoring equipment of each CAMS division analyzes the
hydrogen and oxygen gas concentration levels in the drywell or in the suppression
chamber and provides separate gas concentration displays in the MCR.

Each CAMS division is powered from its respective dhisional Class 1E power source. In
the CAMS, independence is provided between the Class 1E divisions, and also between
the Class IE dhisions and non-Class 1E equipment. i

Both CAMS divisions are located in the Reactor Building, except for the radiation and

the gas process monitors, which are located in the Control Building.

\

Containment Atmospheric Monitoring System 2.3.3- 1
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The CAMS has the following alarms, displays, and controls in the MCR-

|

(1) Displays of radiation, hydrogen and oxygen levels.

(2) Alarms for radiation levels, and for hydrogen and oxygen gas concentration
levels.

(3) Manual system level initiation for each CAMS division.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.3.3 provides a definition of the inspections, tests, and/or analyses, togetherwith
associated acceptance criteria, which will be undertaken for the Containment
Atmospheric Monitoring System.

O

!

.

|

O'
2.3.3-2 Containment Atmospheric Monitoring System
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j' Table 2.3.3 Containment Atmospheric Monitoring System b
E W
{ Inspections, Tests, Analyses and Acceptance Criteria Qg.
a Design Commitment inspections, Tests, Analyses Acceptance Critoria
bj 1. The equipment comprising the CAMS is 1. Inspection of the as-built system will be 1. The as-built CAMS conforms with the
g defined in Section 2.3.3. conducted. description in Section 2.3.3.

!. 2. Operation of each CAMS division can be 2. Tests of each division of the as-built 2. Each CAMS division is activated upon
g activated manually by the operator or CAMS will be conducted using manual receipt of the test signals.
R. automatically. controls and simulated automatic
8. initiation signals.

[w 3. Each CAMS division is powered from its 3. 3.

$ respective divisional Class 1E power a. Tests will be performed on the CAMS a. The test signal exists only in the Class
3 source. In the CAMS, independence ,si

, by providing a test signal to only one 1E division under test in the CAMS.
provided between Class 1E divisions, and Class 1E division at a time.
between Class 1E divisions and non-Class

,

1E equipment. b. Inspection of the as-built Class 1E b. In the CAMS, physical separation or u

{divisions in the CAMS will be electrical isolation exists between
performed. Class 1E divisions. Physical g

separation or electrical isolation exists g
between these Class 1E divisions and 5

"
non-Class 1E equipment.

4. Main control room alarms, displays and 4. Inspections will be performed on the 4. Alarms, displays and controls exist or can
controls provided for the CAMS are as main control room alarms, displays and be retrieved in the main control room as
defined in Section 2.3.3. controls for the CAMS. defined in Section 2.3.3.
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2.4.1 Residual Heat Removal System

Design Description

The Residual Heat Removal (RHR) System has three separate divisions. The major
fimctions of the RHR System are:

(1) Containment heat removal.

(2) Reactor decay heat removal.

(3) Emergency reactor vessel level makeup and

(4) Augmented fuel pool cooling.

Figures 2.4.la,2.4.1b, and 2.4.1c show the basic system configuration and scope. Figure
2.4.ld shows the RHR System control interfaces. i

Except for the non-ASME Code components of the alternating current (AC) power
source independent water addition feature (Figure 2.4.lc), the entire RHR System

e shown on Figures 2.4.la,2.4.lb, and 2.4.1c is classified as safety-related.
'

l
The RHR System operates in the following modes:

;

(1) Low presst re core flooder (LPFL) (Divisions A, B, and C) ;

(2) Suppression pool cooling (Dhisions A, B, and C)

(3) Wetwell spray (Dhisions B, and C)

(4) Dgwell spray (Dhisions B, and C)

(5) Shutdown cooling (Dhisions A, B, and C)
'

(6) Augmented fuel pool cooling, and fuel pool makeup (Dhisions B, and C)

(7) AC power source independent water addition (Dhision C)

(8) Full flow test (Dhisions A, B, and C)

(9) Minimum flow bypass (Dhisions A, B, and C)

Low Pressure Core Flooder Mode |
As shown on Figure 2.4.1d, the RHR System channel measurements are provided to the
Safety System Logic and Control (SSLC) for signal processing, setpoint comparisons, |

and generating trip signals. The RHR System is automatically initiated when either a i

high drywell pressure or low reactor water level condition exists (i.e., LOCA signal). A )

Residual Heat Removat System 2.4.1- 1
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RHRinitiation signalis provided to the systems as identified on Figure 2.4.1d.The SSLC

processors use a twoeut-of-four voting logic for RHR System initiation. Each RHR
division can also be initiated manually (LPFL mode).

Following receipt of an initiation signal, the RHR System automatically initiates and
operates in the LPFL mode to provide emergency makeup to the reactor vessel. The
initiation signal starts the pumps, which run in the minimum flow mode until the
reactor depressurizes to less than the pump's developed head pressure. A low reactor
pressure permissive signal occurs above the pump's developed head pressure, which
signals the injection valve to open. As the injection vahe opens, the reactor pressure is
contained by the testable check valve until the reactor pressure becomes less than the

pump's developed head pressure of the minimum flow mode, at which time injection
flow begins. This sequence satisfies the response requirements for all potential LOCA
pipe breaks when the injection valve opens within 36 seconds,after receiving the low
reactor pressure permissive signal. The LPFL injection flow for each division begins

2when the reactor vessel pressure is no less than 15.8 kg/cm above the drywell pressure.
2When the reactor vessel pressure is no less than P.8 kg/cm greater than the drywell
3pressure, the LPFL injection flow for each division is 954 m /hr minimum. The LPFL

mode is accomplished by all three dhisions of the RHR System by transferring water
from the suppression pool to the reactor pressure vessel (RPV), via the RHR heat
exchangers. The system automatically aligns to the LPFL mode of operation from the
test mode, the suppression pool cooling, or wetwell spray modes upon receipt of an
initiation signal. The wetwell spray mode is applicable for Dhisions B or C. If a dr>well

'

spray valve is open in Dhision B or C, that RHR dhision automatically aligns to the LPFL
mode in response to the injection valve beginning to open. The RPV injection valve in
each division requires a low reactor pressure pennissive signal to open, and closes
automatically on receipt of a high reactor vessel pressure signal.

Suppression Pool Cooling Mode
The suppression pool cooling mode of the RHRSystem limits the long-term post-LOCA
ternperature of the suppression pool, and limits the long-term peak temperatures and
pressures v.ithin the wetwell and drywell regions of the containment. In this mode, the
RHR System circulates water through the RHR heat exchangers and returns it directly
to the suppression pool. This mode is manually initiated by control ofindhidual system
components. In the suppression pool cooling mode, the total heat removal capacity
between the RHR and ultimate heat sink is no less than 88.5 kcal/sec C for each
division. 88.5 kcal/sec C is the limiting heat removal capacity of all the RHR modes.
The heat removal path is the RHR heat exchanger, the Reactor Building Cooling Water
(RCW) System, and the Reactor Senice Water (RSW) System. In the suppression pool

3cooling mode, the RHR tube side heat exchanger (Hx) flow rate is 954 m /hr minimum q

per dhision. The RHR pumps have sufficient net positive suction head (NPSH)
available at the pump. Suction from the suppression poolis the limiting NPSH l

condition of all the RHR modes.

2AU2 Residual Heet Removal System
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Containment Spray Mode
The containment spray mode of the RHR System is available in Divisions B and C, and ,

'

consists of the wetwell spray and drywell spray operating together. In this mode, the
RHR System pumps suppression pool water to a single wetwell spray header and single ;

drywell spray header through the associated PJiR heat exchanger. The containment
spray mode of the RHR System is initiated manually by control ofindividual system
components. The drywell spray inletvalves can only be opened if a high drywell pressure
condition exists and if the injection valves are fully closed. The wetwell spray flow rate

3for either Division B or C is no less than 114 m /hr.

Shutdown Cooling Mode
In the shutdown coohng mode of operation, the RHR System removes decay heat from
the reactor core, and is used to achieve and maintain a cold shutdown condition by

removing decay and sensible heat from the core and reactor vessel. This mode reduces
reactor pressure and temperature to cold shutdown conditions. In this mode, each
division takes suction from the RPV via its dedicated suction line, pumps the water

through its respective heat exchanger tubes, and returns the cooled water to the RW.
Two divisions (B and C) discharge water back to the RPV via dedicated spargers, while

p the third dhision (A) utilizes the vessel spargers of one of the two feedwater lines (FW-

Q A). Shutdown cooling is initiated manually once the RPV has been depressurized below
the system low pressure permissive. In any division, the shutdown cooling suction valve
cannot be opened unless the following ulves in that division are closed:

(1) Suppression pool suction valve
i

(2) Suppression pool return valve

(3) Drywell spray valves
I

(4) Wetwell spray valve

Each shutdown cooling suction valve automatically closes on low reactor water level.
The low pressure portions of the shutdown cooling piping are protected from high
reactor pressure by automatic closure of the shutdown cooling suction valves on a high
reactor vessel pressure. The shutdown cooling flow rate for any division is no less than ;

954 m /hr. !3

l

Augmented Fuel Pool Cooling and Fuel Pool Makeup
The augmented fuel pool cooling mode of the RHR System (Divisions B and C) can
supplement the Fuel Pool Cooling (FPC) System as follows: (1) directly cooling the fuel
pool by circulation fuel pool water through the PJIR heat exchanger and returning it |

[m to the fuel pool; and (2) while providing shutdown cooling during refueling operations, |

\- return the cooled RHR shutdown cooling flow to the fuel pool. Also, this mode prcnides
for fuel pool emergency makeup capability by permitting the RHR pumps (Divisions B !

|

Residual Heat Removal System 241*3 |
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and C) to transfer suppression pool water to the fuel pool. This mode is accomplished
manually by control ofindividual system components. In the augmented fuel pool
cooling mode, the RHR tube side heat exchanger flow rate for Division B or C is no less j

3than 350 m /hr.

AC Independent Water Addition Mode
Division C of the RHR System also functions in an AC independent water addition
mode. This mode provides a means ofinjecting emergency makeup water to the reactor
by cross connecting the Reactor Building Fire Protection (FP) System header, or
alternately utilizing additional sources of water from an external connectionjust
outside the Reactor Building. This makes it independent of the normal safety-related
AC power distribution network. This mode is accomplished by manually opening two
in-series valves on the cross-connection pipingjust upstream of the tie-in to the normal
RHR piping. This is accomplished by local manual action at the valves. Fire Protection
System water can be directed to either the RPV or the drywell spray sparger by local
manual opening of the Division C RHR injection valve or the two Dhision C drywell
spray valves. " Local manual" as used in this paragraph means manually operating the
valves at the valves.

Full Flow Test Mode
Each division of the RHR System has a full flow test mode to permit pump flow testing
during plant operation. In this mode, the system is essentially operated in the
suppression pool cooling mode, drawing suction from and discharging back to the
suppression pool.

Minimum Flow Bypass Mode
Each division of the RHR System has a minimum flow bypass mode that assures there is

'

always flow in the RHR pumps when they are operating. This is accomplished by
monitoring pump discharge flow, and opening a minimum flow valve to the
suppression pool when flow falls below the minimum value. The minimum flow valve
closes when the pump flow exceeds the minimum value. Minimum flow bypass
operation is automatic based on a flow signal opening the minimum flow valve when the
flow is low, with a concurrent high pump discharge pressure signal.

Other Provisions
The RHR System is classified as Seismic Category I. Figures 2.4.la,2.4.lb, and 2.4.lc
show the ASME Code Class for the RHR System. The RHR System is located in the

Reactor Building.

Each of the three divisions is powered from the Class IE dhision as shown on Figures
2.4.la, 2.4.lb,2.4.lc. In the RHR System, independence is provided between Class 1E
divisions, and also between the Class 1E dhisions and non-Class IE equipment.

2.4.14 Residual Heat Removal System
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Outside the primary containment, each mechanical division of the RHR System
(Divisions A, B, and C) is physically separated from the other divisions.

The RHR System has the following displays and controls in the main control room:

(1) Parameter displays for the instruments shown on Figures 2.4.la,2.4.lb, and
2.4.1 c.

(2) Controls and status indication for the active safety-related components shown
on Figures 2.4.la,2.4.lb, and 2.4.lc.

(3) Manual system levelinitiation capability for the following modes: '

(a) LPFLinitiation

(b) Standby

(c) Shutdown cooling

(d) Suppression pool cooling

(e) Drywell sprayg
I

( RHR System components with displays and control interfaces with the Remote
Shutdown System (RSS) are shown on Figures 2.4.la and 2.4.lb.

The safety.related electrical equipment shown on Figures 2.4.la,2.4.lb, and 2.4.lc
located inside the primary containment and the Reactor Building is qualified for a
harsh emironment.

The motor-operated valves shown on Figures 2.4.la,2.4.lb, and 2.4.lc have active safety-
related functions and perfonn these functions to open, close, or both open and close,
under differential pressure, fluid flow, and temperature conditions.

The check calves (CVs) shown on Figures 2.4.la,2.4.Ib, and 2.4.lc have safety-related
functions to open, close, or both open and close under system pressure, fluid flow, and
temperature conditions.

The RHR System main pumps are interlocked to prevent starting with a closed suction
path.

Each RHRloop has a continuously runningjockey pump to maintain the system piping
continuously filled with water. Thejocky pump is stopped by a RHR initiation signal or
may be stopped or started manually.

(m The piping and components outside the shutdown cooling suction line containment
' isolation valves and outside the suppression pool containment isolation valves, and

upstream of the suction side of the pump with allits branches have a design pressure of

Residual Heat Removal System 2.4.1-5



2SAS447 Rev. 2

ABQ1(R certisedoesign uaterial

1

228.8 kg/cm g for intersystem LOCA (ISLOCA) conditions. Refer to Figures 2.4.la,
2.4.lb, and 2.4.1c. For RHR-A, the upgraded branch lines from the main pump suction
include the path to and including the suppression pool suction valve, the path to the
shutdown cooling outboard containment isolation valve, and the path to thejockey

,

| pump's discharge check valve including thejockey pump's bypass return line. For RHR-
B and C, the upgraded branch lines include all the paths listed for RHR-A plus the path
to (and including the valve) the Fuel Pool Cooling System that branches off the
shutdown cooling suction line, titled "From FPC." For RHR-C, the upgraded branch
lines include all the paths listed for RHR-A and B plus the pipeline and valver that are
part of the AC independent water addition mode that extends from the noncode
boundary indicated by "NNS" to the * external connection" outside the " reactor
building" and to the Fire Protection System interface indicated by "FP".

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.4.1 provides a definition of the inspections, test and/or analyses, together with i

associated acceptance criteria, which will be undertaken for the RHR System.

1

|

@
2.4.1-6 Residual Heat RemovalSystem
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$ Table 2.4.1 Residual Heat Removal System b
E ED
!. Inspections, Tests, Analyses and Acceptance Criteria Qt g
i Design Commitment inspections, Tests, Analyses Acceptance Criteria
=
3 1. The basic configuration of the RHR 1. Inspections of the as-built system will be 1. The as-built RHR System conforms with
g System is shown in Figures 2.4.1a,2.4.1b, conducted. the basic configuration shown in Figures
g 2.4.1c, and 2.4.1d. 2.4.1a, 2.4.1b,2.4.1c, and 2.4.1d.

) 2. The ASME Code components of the RHR 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
3 System retain their pressure boundary those Code components of the RHR ASME Code components of the RHR

integrity under internal pressures that will System that are required to be System conform with the requirements in
be experienced during service. hydrostatically tested by the ASME Code. the ASME Code, Section Ill.

3. 3. 3.

a. The RHR System is automatically a. Tests will be conducted using a. Each division of the RHR System
initiated in the LPFL mode when simulated input signals for each receives an initiation signal.
either a high drywell pressure or a process variable to cause trip
low reactor water level condition conditions in two, three, and four g
exists. instrument channels of the same {

process variable. g
n

b. Each RHR division can be initiated b. Tests will be conducted by initiating b. Each division of the RHR System [
manually (LPFL mode). each division manually. receives an initiation signal.

&
b
a.
?.,

$9
.A g
? ::.
O E
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2 Table 2.4.1 Residual Heat Removal System (Continued) b
b CI3
;; Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria 33

3. continued 3. continued 3. continued
c. Following receipt of an initiation c. Tests will be conducted on each RHR c. Upon receipt of a simulated initiation

signal, the RHR System automatically division using a simulated initiation signal, the following occurs:
initiates and operates in the LPFL signal and a simulated low reactor (1) The RHR pump receives a signal
mode to provide emergency makeup pressure permissive signal. to start.
to the reactor vessel.

(2) The RPV injection valve receives a
signal to open provided a low
reactor pressure permissive signal
is present, and the valve opens
within 36 seconds after receiving
the low reactor pressure
permissive signal. y

u,
5(3) The suppression pool return valve

receives a signal to close. k
(4) The wetwell spray valve receives y

a signal to close (Divisions B and %

C only).

d. The LPFL injection flow for each d. Tests will be conducted on the as-built d. The converted RHR flow satisfies the
division begins when the RPV dome RHR System in the RHR LPFL mode, following:

2pressure is no less than 15.8 kg/cm Analyses wili be performed to convert The LPFL injection flow for each
above the drywell pressure. the test results to the conditions of the division begins when the RPV dome

Design Comm,tment. 2iWhen the RPV dome pressure is no pressure is no less than 15.8 kg/cm
2y less than 2.8 kg/cm greater than the above the drywell pressure.

g drywell pressure, the LPFL injection When the RPV dome pressure is no &
3flow for each division is 954 m /hr less than 2.8 kg/cm greater than the h

* 2

minimum,
i drywell pressure, the LPFL injection R.

3
$ flow for each division is 954 m /hr 53

$ minimum. $
a<

b
aa, n

3 E..

O O O
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? Table 2.4.1 Residual Heat Removal System (Continued) b
E CO
( Inspections, Tests, Analyses and Acceptance Criteria g
( Design Commitment inspections, Tests, Analyses Acceptance Criteria 33

? 3. continued 3. continued 3. continued
$ e. The system automatically aligns to e. Tests will be conducted on each RHR e. Each division automatically aligns to
i the LPFL mode of operation from the division using simulated LPFL the LPFL mode of operation from the

{ test mode, the suppression pool initiation signals. test mode, the suppression pool
j cooling or wetwell spray modes upon cooling or wetwell spray modes upon

receipt of an initiation signal, receiving an initiation signal. The
wetwell spray mode is applicable for
Divisions B or C.

f. If a drywell spray valve is open in f. Tests will be con .'ucted on RHR f. Drywell spray valves in a division
Division B or C, that RHR division Division B and C drywell spray mode close on receipt of injection valve not
automatically reverts to the LPFL using a simulated injection valve fully closed signalin that division.
mode in response to the injection opening signal.
valve beginning to open. g

g. The RPV injection valve in each g. Tests will be conducted on the g. The RPV injection valve in each I
division requires a low reactor vessel injection valves in each RHR division division requires a low reactor vessel s
pressure permissive signal to open using a simulated reactor vessel pressure permissive signal to open I

*and closes automatically on receipt of pressure signal. and closes automatically on receipt of
a high reactor vessel pressure signal. a high reactor vessel pressure signal.

4. 4. 4.

a. The total heat removal capacity a. Inspections and analyses will be a. The total heat removal capacity
requirement between the RHR System performed to determine the heat requirements between the RHR
and ultimate heat sink is no less than exchanger's effective heat removal System and ultimate heat sink is no
88.5 kcal/sec*C for each division. capacity, for each division. less than 88.5 kcal/sec'C for each

division.
n

b. In the suppression pool cooling b. Tests will be performed on each RHR b. In the suppression pool cooling R
mode, the RHR tube side heat division. mode, the RHR tube side heat $

3 3exchanger flow rate is 954 m /hr exchanger flow rate is 954 m /hr Q
minimum, per division. minimum, per division. 2

W
:=

N
a e
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_ ___ _ __. _. . . . . .
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t Table 2.4.1 Residual Heat Removal System (Continued) b
b 03
r inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria 33

4. continued 4. continued 4. continued
c. The RHR pumps have sufficient c. Inspeccions, tests and analyses will be c. The available NPSH exceeds the

NPSH. performed upon the as -built RHR NPSH required by the pumps.
System. NPSH tests of the pumps will
be performed in a test facility. The
analyses will consider the effects of:

- Pressure losses for pump inlet
piping and components.

- Suction from the suppression
poul with water level at the
minimum value.

50% blockage of pump suction y-

stralners,
g

- Design basis fluid temperature ;
(100'C). ;

"- Containment at atmospheric
pressure.

W
e.
S n

h b, -
@ I
8 5.--
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? Table 2.4.1 Residual Heat Removal System (Continued) b
Ei 03
g Inspections, Tests, Analyses and Acceptance Criteria g
( Design Commitment inspections, Tests, Analyses Acceptance Criteria 3|3

$ 5. 5. 5.
3j a. The drywell spray inlet valves can a. Tests will be performed of the drywell a. The two in-series drywell spray valves
U; only be opened if a high drywell spray valve interlock logic using are blocked from being open
3 pressure exists and if the injection simulated drywell pressure and valve simultaneousiv unless signals
$ valves are fully closed. position signals. indicative of the following conditions

exist concerrently:

(1) Drywell pressure is high.

(2) The RPV injection valve is fully
closed.

(3) The shutdown cooling suction
valve is fully closed. I

%

The drywell spray valves will $ '

automatically close if signals I
indicative of the following condition y
exists: {.
(1) The RPV injection valve is not fully

closed,

b. The wetwell spray flow rate for either b. Tests will be conducted on Divisions B b. RHR Division B provides wetwell
Division B or C is no less than 114 and C in the wetwell spray mode. spray flow greater than or equal to

3 3m /hr. 114 m /hr.

RHR Division C provides wetwell
spray flow greater than or equal to

3114 m /hr. n
$.
e
=.

E
' 5s

$. &
o.

5 %
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t Table 2.4.1 Residual Heat Removal System (Continued) b
b 133;; Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria 33

6. 6. 6.

a. Shutdown cooling is initiated a. Tests will be conducted on the RHR a. The RHR shutdown mode operates
manually once the RPV has been shutdown cooling mode for manual when reactor vessel pressure is below
depressurized below the system low initiation, using simulated reactor system low pressure permissive. The
pressure permissive. vessel pressure signals. RHR shutdown mode is not manually

initiated when reactor vessel pressure
is not less than the low pressure
permissive.

b. In any division, the shutdown cooling b. Tests will be conducted on each RHR b. In any division, the shutdown cooling
suction valve cannot be opened division to open the shutdown suction valve cannot be opened
unless the following valves in that cooling suction valve. unless the following valves in that
division are-closed: division are closed: y

u,
*Suppression pool suction valve. Suppression pool suction valve.

Suppression pool return valve. Suppression pool return valve. k
Drywell spray valves. Drywell spray va!ves. @
Wetwell spray valve. Wetwell spray valve. [

c. Each shutdown cooling suction valve c. Tests will be conducted on each RHR c. Each shutdown cooling suction valve
automatically closes on low reactor division using a simulated reactor automatically closes on low reactor
water level. water level signal. water level.

d. The low pressure portions of the d. Tests will be conducted on the d. The shutdown cooling suction valves
shutdown cooling piping are shutdown cooling suction valves in close when the RHR System receives
protected frcm high reactor pressure each RHR division using a simulated a simulated high reactor vessel

y by automatic closure of the shutdown reactor vessel pressure signal. pressure signal.

[ cooling suction valves on a high n
( reactor vessel pressure signal. R
$ h
a =.

? ?
-s @o "

&
G E
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R Table 2.4.1 Residual Heat Removal System (Continued) b-
E III
[ Inspections, Tests, Analyses and Acceptance Criteria

g%{ Design Commitment inspections, Tests, Analyses Acceptance Criteria

@ 6. continued 6. continued 6. continued
! e. In the shutdown cooling mode, the e. In the shutdown cooling mode, e. The RHR heat exchangers tube side
E RHR tube side heat exchanger flow system functional tests will be flow rate is greater than or equal to
{ rate is greater than or equal to 954 m performed to determine system flow 954 m /hr. Heat exchanger removal3 3

j /hr. rate through each heat exchanger. capacity in this mode is bounded by
inspections and analyses shall be suppression pool cooling
performed to verify that the shutdown requirements.
cooling mode is bounded by
suppression pool cooling
requirements.

' 7. In the augmented fuel pool cooling mode, 7. Tests will be performed to determine 7. The RHR tube side heat exchanger flow
3the RHR tube side heat exchanger flow system flow rate through each heat rate is greater than or equal to 350 m /hr

rate for Divisions B or C is no less than exchanger in the augmented fuel pool in the augmented fuel pool cooling mode. g
3350 m /hr (heat exchanger heat removal cooling modo. Inspections and analyses Heat exchanger heat removal capacity in g

capacity in this mode is bounded by shall be performed to verify that the this mode is bounded by suppression y

suppression pool cooling requirements). shutdown cooling mode is bounded by pool cooling requirements. @
suppression pool cooling requirements. b

8. 8. 8.

a. Each division of the RHR has a a. Tests will be conducted on the pump a. The pump minimum flow valve
minimum flow bypass mode that minimum flow valve interlock logic recaives a signal to open when
assures there is always flow in the using simulated pressure and flow signals indicative of the following
RHR pumps when they are operating. signals. conditions exist concurrently:

(1) Pump discharge pressure is high
when the pump starts.

(2) Pump flow is low. {
The pump minimum flow v&e {
receives a signal to close when a c:3

signalindicative of the following j,
condition exists: =

ilt%
h (1) Pump flow exceeds minimum E
? value. @.~ ~

. . . . . _ _ _ _ - . . - _ ....,_._ .~ _, - ,. . _ . . . . . , . . . . _ , _ . . - .. -. _ - . . . , . . . . _ , . . , . . , . _ . _ . , _ , , . - . .
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t Table 2.4.1 Residual Heat Removal System (Continued) b
Y 03
i;; inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria 33

8. continued 8. continued 8. continued
b. Each division of the RHR System has b. Tests and analyses will b e conducted b. The available minimum flow exceeds

a minimum flow bypass mode that on each division of the RHR System in the required minimum flow,
assures there is always flow in the the minimum flow mode. The tests
RHR pumps when they are operating. will quantify pump flow and compare

with pump required minimum flow.

9. Each of the three RHR divisions is 9. 9.
powered from the Class 1E division as

a. Tests will be performed on the RHR a. The test slanal exists only in the Class
shown on Figeres 2.4.la,2.4.1b and System by providing a test signal to 1E divisior$ under test in the RHR
2.4.1c. In the RHR System, independence only one Class 1E division at a time. System.
is provided between Class 1E divisions,
and between Class 1E divisions and non-
Class 1E equipment. g

b. Inspection of the as-installed Class 1E b. In the RHR System, physical [
divisions in the RHR System will be separation or electricalisolation exists s
performed. between Class 1E divisions. Physical E

"separation or electricalisolation exists
between these Class 1E divisions and
non-Class 1E equipment.

10. Each mechanical division of the RHR 10. Inspections of the as-built RHR System 10. Each mechanical division of the RHR
System (Divisions A, B, C) is physically will be performed. System is physically separated from other
separated from the other divisions. mechanical divisions of RHR System by

structural and/or fire barriers with the
y exception of primary containment.

h 11. Main control room displays and controls 11. Inspections will be performed on the 11. Displays and controls exist or can be &
$ provided for RHR System are defined in main control room displays and controls retrieved in the main control room as $
i Section 2.4.1. for the RHR System. defined in Section 2.4.1. B.
m u
3 12. RSS displays and controls provided for 12. Inspections will be performed on the RSS 12. Displays and controls exist on the RSS as 0!

R the RHR System are as defined in Section displays and controls for the RHR System. defined in Section 2.4.1. T
$ 2.4.1. $
1 a.g d.*3

O O O
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y Table 2.4.1 Residual Heat Removal System (Continued) b
E tti
g Inspections, Tests, Analyses and Acceptance Criteria

g%
( Design Commitment inspections, Tests, Analyses Acceptance Criteria

@ 13. 13. 13.
s

a. MOVs designated in Section 2.4.1 as a. Tests of installed valves for opening, a. Upon receipt of the actuating signal,j
i;; having an active safety function open, closing or both opening and closing, each MOV opens, closes, or both

I close, or both open and close under will be conducted under opens and closes, depending upon
3 differential pressure, fluid flow, and preoperational differential pressure, the valve's safety functions.

temperature conditions. fluid flow, and temperature
conditions.

b. Check valves (CVs) designated in b. Tests of installed valves for opening, b. Based on the direction of the
Section 2.4.1 as having an active closing, or both opening and closing, differential pressure across the valve,
safety-related function open, close, or will be conducted under system each CV opens, closes, or both opens
both open and close, under system preoperational pressure, fluid flow, and closes, depending upon the
pressure, fluid flow, and temperature and temperature conditions. valve's safety functions, y

conditions. g

14. The RHR System main pumps are 14. Tests will be conducted on the RHR pump 14. Each RHR System pump is prevented k
interlocked to prevent starting with a start logic using simulated valve position from starting unless signals indicative of R
closed suction path. signals. one of the following conditions exists: [

a. A suction path from the suppression
pool is available. (The suppression
pool suction valve is fully open.)

b. A suction path from the RPV via the
shutdown cooling suction line is
available. (The shutdown cooling
suction valve and inboard and
outboard isolation valves are all fully n
open.) g

2
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2.4.2 High Pressure Core Flooder System

Design Description

The High Pressure Core Flooder (HPCF) System is comprised of two separate divisions.
The function of the HPCF System is to provide emergency makeup water to the reactor

vessel for transient or loss-of-coolant accident (LOCA) events. Each HPCF division
consists of a pump, piping, valves and controls and can utilize either of two water
sources, the condensate storage tank (CST) or the suppression pool (S/P). The primary
source of suction water supply is from the CST. The S/P water is the secondary source i

of supply. Figure 2.4.2a -hows the basic system configuration and scope. Figure 2.4.2b
shows the HPCF System controlinterfaces.

The HPCF System is classified as safety-related.

The HPCF System operates in the following modes:

(1) High pressure flooder.

(2) Full flow test.

\ (3) Minimum flow bypass.

High Pressure Flooder Mode
As shown on Figure 2.4.2b, the HPCF System channel measurements are provided to

'

the Safety System Logic and Control (SSLC) for signal processing, setpoint
comparisons, and generating trip signals. The HPCF System is automatically initiated in
the high pressure flooder mode when either a high drywell pressure signal or low
reacrer water level signal exists. Both divisions of the HPCF System are actuated at a
reactor water level below the RCIC actuation level. The SSLC System processors use a
twoout-of-four voting logic for system initiation and shutdown. Manual HPCF System
initiation can also be performed.

Following receipt of an initiation signal, the HPCF System automatically initiates and
operates in the high pressure flooder mode to proside water to the core region of the
reactor. The pumps are motor-driven centrifugal pumps that provide flow as a function
of reactor vessel pressure. The flow in each division is not less than a value

8corresponding to a straight line between a flow of 182 m /hr at a differential pressure
2 3 2of 82.8 kg/cm and a flow of 727 m /hr at a differential pressure of 7 kg/cm . The

HPCF System has the capability to deliver at least 50% of these flow rates with 171 C
water at the pump suction. The differential pressure values represent the difference
between the reactar vessel pressure and the pressure of the air space of the source water
for the pump. System flow into the reactor vessel is achieved within 16 seconds of receipt

'

of an initiation signal and power available at the emergency buses.

High Pressure Core Flooder System 2.4.2- 1
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The HPCF pumps have sufficient net positive suction head (NPSH) available at the
pumps.

During this mode, pump suction is from the CST. Automatic transfer of pump suction
from the CST to the S/P occurs when a low CST water level or high suppression pool
water level signal exists. The CST and suppression pool water level signals are processed
through the SSLC twcx>ut-of-four voting logic to initiate suction transfer. ;

!

When a high water level signal in the reactor pressure vessel exists, the reactor vessel
injection valve is automatically closed. When the low reactor water level initiation signal
recurs, the injection valve automatically re+ pens to reestablish HPCF flow.

Full Flow Test Mode
Each division of the HPCF System has a full flow test mode to permit testing during
plant operation. In this mode, water is taken from the suppression pool and returned
to the suppression pool via the test return line. The injection valve is kept closed to
prevent any vesselinjection during the test.

If a system initiation signal occurs during the full flow test mode, each division of the
HPCF System automatically aligns to the high pressure flooder mode.

Minimum Flow Bypass Mode

Each division of the HPCF System has a minimum flow bypass mode that assures there
is alwais flow in the HPCF pumps when they are operating. This is accomplished ;

autoraatically by monitoring pump discharge flow, and opening a minimum flow valve
to the suppression pool when flow falls below the minimum value. The minimum flow
v41ve closes when the pump flow exceeds the minimum value. Minimum flow bypass
operation is automatic based on a flow signal opening the minimum flow valve when the
flow is low, with a concurrent high pump discharge pressure signal.

Other Provisions
The HPCF System is classified as Seismic Category I. Figure 2.4.2a shows the ASME Code

IClass for the HPCF System. The HPCF System is located both inside the primary
containment and within the Reactor Building. 1

Each of the two HPCF dhisions is powered from the respective Class 1E dhision as
shown on Figure 2.4.2a. In the HPCF System, independence is provided between Class
1E divisions, and also between Class 1E divisions and non-Class 1E equipment.

i

Outside the primary containment, except for piping from the CST, each mechanical |
division of the HPCF System (Dhisions B and C) is physically separated from the other |

dhision. Outside the primary containment, except for piping from the CST, both HPCF
dhisions are physically separated from the Reactor Core Isolation Cooling (RCIC)
System. :

2A22 High Pressure Core Flooder System
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The HPCF System has the following displays and controls in the main control room:

(1) Parameter displays for the instruments shown on Figure 2.4.2a.

(2) Controls and status indication for the active safety-related components shown
on Figure 2.4.2a.

(3) hianual system level initiation capability for the high pressure flooder mode.

HPCF System components with displays and controlinterfaces with the Remote
Shutdown System (RSS) are shown on Figure 2.4.2a

The safety-related electrical equipment shown on Figure 2.4.2a located inside the
primary containment and in the Reactor Building is qualified for a harsh emironment.

The motor-operated valves (hiOVs) shown on Figure 2.4.2a have active safety-related
functions to open, close, or both open and close, and perform these functions under
differential pressure, fluid flow, and temperature conditions.

The check valves (CVs) shown on Figure 2.4.2a have safety-related functions to open,
close, or both open and close under system pressure, fluid flaw, and temperature
conditions.

The HPCF System pumps have interlocks which prevent operation if both suction valves
are closed.

The HPCF System suction piping and components from the pump suction valves to the
2pump inlet have a design pressure of 28.8 kg/cm g for intersystem LOCA (ISLOCA)

conditions.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.4.2 provides a definition of the inspections, test and/or analyses, together with
associated acceptance cnteria, which will be undertaken for the HPCF System.

;

!

!
|

|
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% Table 2.4.2 High Pressure Core Flooder System b
% DO

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria '

1. The basic configuration of the HPCF 1. Inspections of the as-built system will be 1. The as built HPCF System conforms with
System is as shown on Figures 2.4.2a and conducted. the basic configuration shown on Figures
2.4.2 b. 2.4.2a and 2.4.2b.

2. The ASME Code components of the HPCF 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
System retain their pressure boundary those Code components of the HPCF ASME Code components of the HPCF
integrity under internal pressures that will System required to be hydrostatically System conform with the requirements in
be experienced during service. tested by the ASME Code. the ASME Code, Section lit.

3. 3. 3.

a. The HPCF System is automatically a. Tests will be conducted using a. Each division of the HPCF System
initiated in the high pressure flooder simulated input signals for each receives an initiation signal.
mode when either a high drywell process variable to cause trip
pressure signal or a low reactor water conditions in two, three, and four 's
levril signal exists. instrument channels of the same {

process variable. ;
.

b. Manual HPCF System initiation can be b. Tests will be conducted by manually b. Each division of the HPCF System (
performed in the high pressure initiating each HPCF division. receives an initiation signal.
flooder mode.

c. Following receipt of an initiation c. Tests will be conducted on each HPCF c. Upon receipt of a simulated initiation
signal, the HPCF System division using a simulated initiation signal, the following occurs:
automatically initiates and operates in signal.

z the high pressure flooder mode t
- The HPCF pump receives a signal

to start.
3 provide water to the core region of the
? reactor. - The RPV injection valve receives a
g signal to open. p
8 - The condensate storage tank h
@ suction valve receives a signal to E.
* open. $
o *

R - The test line return valve receives T*
; a signal to close. g
1 it
a n.
3 E

O O O
- -
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g Table 2.4.2 High Pressure Core Flooder System (Continued) b
tu3

Inspections, Tests, Analyses and Acceptance Criteria g
g Design Commitment inspections, Tests, Analyses Acceptance Criteria %

9 d. The HPCF System flow in each d. Tests will be conducted on each d. The converted HPCF flow satisfies thej division is not less than a value division of the as-built HPCF System following:
g corresponding to a straight line in the HPCF high pressure flooder The HPCF System flow in each3g between a flow of 182 m /hr at a mode. Analyses will be performed t division is not less than a value3
g differential pressure of 82.8 kg/cm convert the test results to the

3 corresponding to a straight line
g and a flow of 727 m /hr at a conditions of the Design between a flow of 182 m /hr at a3

23 differential pressure of 7 kg/cm . Commitment, 3differential pressure of 82.8 kg/cm
3and a flow of 727 m /hr at a

2differential pressure of 7 kg/cm ,

e. The HPCF System has the capability e. Analyses will be performed of the as- e. The HPCF System has the capability
to deliver at least 50% of the flow built HPCF System to assess the to deliver at least 50% of the flow
rates in item 3d with 171'C water at system flow capability with 171 C rates in item 3d with 171 C water at y
the pimp suction. water at the pump suction. the pump suction. g

f. System flow into the reactor vessel is f. Tests will be conducted on each HPCF f. The HPCF System flow is achieved k
achieved within 16 seconds of receipt division using simulated initiation within 16 seconds of receipt of a if
of an initiation signal and power signals, simulated initiation signal. [
available at the emergency busses,

g. The HPCF pumps have sufficient g. Inspections, tests and analyses will be g. The available NPSH exceeds the
NPSH available at the pumps. performed upon the as-built system. WPSH required by the pumps.

NPSH tests of the pumps will be
performed in a test facility. The
analyses will considar the effects of:

- Pressure losses for pump inlet
piping and components. n

- Suction from the suppression $.
pool with water level at the {
minimum value. p

- 50% minimum blockage of the O
*pump suction strainers.
bu

b !.
4 e.

- _ - _ _ _ _ - _ . - . - _ -- . - . - - . . - - . - - - - _ -. . ..
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t Table 2.4.2 High Pressure Core Flooder System (Continued) b
b

036 Inspections, Tests, Analyses and Acceptance Criteria g
Design Commitment inspections, Tests, Analyses Acceptance Criteria 33

g. (continued) g. (continued) g. (continued)
' - Design basis fluid temperature

(100'C).

- Containment at atmospheric
pressure.

h. Automatic transfer of pump suction h. Tests will be conducted on each HPCF h. HPCF System receives suction
from the CST to the suppression pool oivision using simulated input signals transfer initiation signal.
occurs when a low CST water level or for each process variable to cause trip
high suppression pool water level conditions in two, three, and four
signal exists. instrument channels of the same

process variable.

i. Following receipt of a suction transfer i. Test will be conducted on each HPCF i. Upon receipt of a simulated suction 3
hinitiation signal, the HPCF System division using simulated suction transfer initiation signal, the following
k

,

automatically switches pump suction. transfer initiation signals. occurs:
'

a
- Suppression pool suction valve ;!

Nopens.

- CST suction valve closes.

j. When a high water level signal in the ,i . Tests will be conducted on each HPCF j. The HPCF System receives a signal to
reactor pressure vessel exists, the division using simulated high reactor close the reactor vessel injection -|

!reactor vessel injection valve is water level signals to cause trip valve.
2 automatically closed. conditions in two, three, and four
$ instrument channels of water level
g variable.

! k. Following receipt of an injection valve k. Tests will be conducted on each HPCF k. Upon receipt of a simulated injection
n*

closure signal, the HPCF System division using a simulated injection valve closure signal, the reactor h
*

y automatically closes the vessel valve closure signal. vessel injection valve closes. g
,

g miection valve. g
E k,

tie |w a itii m. I

3 E |

|

l

O O O
-

,
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g . Table 2.4.2 High Pressure Core Flooder System (Continued) b

ID#

inspections, Tests, Analyses and Acceptance Criteria g
g Design Commitment Inspections, Tests, Analyses Acceptance Criteria M
& l. Following HPCF System injection 1. Tests will be conducted on each HPCF l. Upon receipt of a simulated low
( valve closure on a high reactor water division using a simulated low reactor reactor water level signal, the vessel
g level signal, when the low water lovel water level signal. injection valve opens.
S initiation signal recurs, the vessel
S injection valve automatically re-
} opens to re-establish HPCF flow.
3

m. Each division of the HPCF System has m. Tests will be conducted on each as- m. Water is pumped at a flow rate of not
3a full flow test modo to permit testing built HPCF division, using installed less than 182 m /hr in the test flow

during plant operation. controls, power supplies and other mode.
auxiliaries. Water will be pumped in
the test flow mode with system head
equivalent to a pressure differential of

2at least 82.8 kg/cm between the RPV g
and the air space of the source water g
for the pump. y

n. If a system initiation signal occurs n. Tests will be performed on each HPCF n. Upon receipt M a simulated initiation k
4during the full flow test mode, each division using simulated initiation signal, each HPCF division

division of the HPCF System signals, automatically aligns to the high
automatically aligns to the high pressure flooder mode of operation
pressure flooder mode. from the test mode.

&
| $i

a.
!i?

; 4
| =

a
9 u.
m R.|

i
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2 Table 2.4.2 High Pressure Core Flooder System (Continued) b
9 CDg inspections Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria %
o. Each division of the HPCF System has o. Tests will be conducted on the pump o. The pump minimum flow valve

a minimum flow bypass mode that minimum flow valve interlock logic receives a signal to open when
assures there is always flow in the using simulated pressure and flow signals indicative of the following
HPCF pumps when they are signals. conditions exist concurrently:
operating. - Pump discharge pressure is high

when the pump starts and,

- Pump flow is low.

The pump minimum flow valve
receives a signal to close when a
signal indicative of the following
condition exists:

- Pump flow exceeds the minimum M

fvalue.

p. Each division of the HPCF System has p. Tests and analyses will be conducted p. The available minimum flow exceeds y
a minimum flow bypass mode that on each division of the HPCF System the required minimum flow. 5

"assures there is always flow in the in the minimum flow mode. The tests
HPCF pumps when they are will quantify pump flow and compare
operating. with pump required minimum flow.

4. Each of the two HPCF divisions is 4. 4.
powered from the respective Class 1E

a. Tests will be performed on the HPCF a. The test signal exists only in the Class
division as shown on Figure 2.4.2a. in thez System by providing a test signal in 1E division u. der test in the HPCFHPCF System, ,ndependence ,s providedg i i one Class 1E division at a time. System.

7 between Class 1E divisions, and between
3 Class 1E divisions and non-Class 1E b. Inspection of the as-built Class 1E b. In the HPCF System, physical n
j equipment. divisions in the HPCF System will be separation or electrical isolation exists E
n performed. between Class 1E divisions. Physical ?
! separation or electricalisolation exists $
@ between these Class 1E divisions and 3
& non-Class 1E equipment. T
I

R:

$ $;; ::.
3 !!L

O O O
- - . - . -- -
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3 Table 2.4.2 High Pressure Core Flooder System (Continued) b
(D*

g Inspections, Tests, Analyses and Acceptance Criteria g
| Design Commitment inspections, Tests, Analyses Acceptance Criteria M

& 5. Outside the primary containment, except 5. Inspections of the as-built HPCF System 5. Outside the primary containment, except

[ for piping from the CST, each mechanical will be performed. for piping from the CST. each mechanical
g division of the HPCF System (Divisions B division of the HPCF System is physically
g and C) is physically separated from the separated from the other mechanical

other division. Except for piping from the division of the HPCF System, and bothm

) CST, both HPCF divisions are physically HPCF divisions are separated from the
9 separated from the RCIC System. RCIC System by structural and/or fire

barriers.

6. Main control room displays and controls 6. Inspections will be performed on the main 6. Displays and controls exist or can be
provided for the HPCF System are as control room displays and controls for the retrieved in the main control room as
defined in Section 2.4.2. HPCF System. defined in Section 2.4.2.

7. RSS displays and controls provided for 7. Inspections will be performed on the RSS 7. Displays and controls exist on the RSS as y

the HPCF System are as defined in displays and controls for the HPCF defined in Section 2.4.2. S
Section 2.4.2. System. I

~

8. MOVs designated in Section 2.4.2 as 8. Tests of installed valves for opening, 8. Upon receipt of the actuation signal, each i?

having an active safety-related function closing or both opening and closing, will MOV opens, closes, or both opens and [
open, close, or both open and close under be conducted under preoperational closes, depending upon the valve's safety
differential pressure, fluid flow, and differential pressure, fluid flow, and functions. The following valve opens in
temperature conditions. temperature conditions. the following time limit:

Valye Time (sec)
Injection valve $16 open

9. CVs designated in Section 2.4.2 as having 9. Tests of installed valves for opening, 9. Based on the direction of the differential
an active safety-related function open, closing, or both opening and closing, will pressure across the valve, each CV opens,
close, or both open and close, under be conducted under system closes, or both opens and closes, n
system pressure, fluid flow, and preoperational pressure, fluid flow, and depending upon the valve's safety g
temperature conditions. temperature conditions. functions. @

es,

&
=

N

C !.
: e.

I
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t Table 2.4.2 High Pressure Core Flooder System (Continued) b
Y %c Inspections, Tests, Analyses and Acceptance Criteri.,

g%Design Commitment inspections, Tests, Analyses Acceptance Criteria

10. The HPCF System pumps have interlocks 10. Tests will be conducted on each HPCF 10. Each HPCF System pump is prevented
which prevent operation if both suction System pump start logic using simulated from operating unless signals indicative
valves are closed. valve position signals. of one of the following conditions exists:

a. A suction path from the S/P is
available (the S/P suction valve is fully
onen).

b. A suction path from the condensate
storage tank is available (the CST
suction valve is fully open).
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2.4.3 Leak Detection and Isolation System

Design Description

The Leak Detection and Isolation System (LDS) is a control and instrumentation system
whose function is to detect and monitor leakage from the reactor coolant pressure
boundary and initiate isolation of the leakage source. The system is designed to initiate
automatic isolation of the process lines that penetrate the containment by closing the
isolation valves. The functions of the LDS include: isolation of the main steamlines, the

primary and secondary containment, and individual system process lines; activation of >

the Standby Gas Treatment System (SGTS); monitoring ofleakages inside and outside
the primary containment; and providing the monitored leakage parameters in the main
control room.

The LDS is classified as a Class 1E safety-related system.

The LDS logic design uses four instrument channels to monitor each leakage parameter
that initiates an isolation function on a two-out-of-four channel trip.

As shown on Figure 2A.3, the LDS safety-related channel measurements are providedg
( as inputs to the Safety System Logic and Control (SSLC) for signal processing, setpoint
'

comparisons, and generation of the trip signals thatinitiate the isolation functions. The
LDS isolation logic consists of safety-related sensors, redundant instrument channels
and logic processors that initiate the automatic isolation functions. Once isolation is
initiated, the logic seals in the isolation signal, and operator action is required to reset
the logic to its normal state.

The following primary and secondary containment isolation and automatic control
functions are provided by the LDS using four instrument channels to monitor leakage:

(1) Closure of the main steamline isolation valves (MSIVs) and main steamline
(MSL) drain valves on a signal indicating low reactor water level, high main
steamline flow in any main steamline, high ambient temperature in the MSL
tunnel area or in the Turbine Building along the MSLs, low main condenser
vacuum, or low steam inlet pressure to the main turbine. ,

(2) Isolation of the Reactor Water Cleanup (CUW) System process lines on a
signal indicating low reactor water level, high ambient MSL tunnel area
temperature, high mass differential flow .igh ambient temperature in the
CUW areas, or when the Standby Liquid Control (SLC) System is activated.

(3) Initiation of the SGTS on a signalindicating high drywell pressure, low reactor(q water level, high radiation in the secondary containment or high radiation inl
V the fuel handling area.

Leak Detection and Isolation System 2.4.3- 1
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(4) Isolation of Reactor Building Heating, Ventilating and Air Conditioning

(HVAC) System on a signal indicating high drywell pressure, low reactor water

level, high radiation in the secondary containment or high radiation in the
fuel handling area.

(5) Isolation of containment purge and vent lines on a signalindicating high
drywell pressure, low reactor water level, high radiation in the secondary
containment or high radiation in the fuel handling area.

(6) Isolation of the Reactor Building Cooling Water (RCW) System and of the
HVAC Normal Cooling Water (HNCW) System lines on a signal indicating
high dqwell pressure or low reactor water level.

(7) Isolation of the Residual Heat Removal (RHR) System shutdown cooling
system loops on a signal indicating high reactor pressure or low reactor water
level. Also, each RHR shutdown cooling division is individually isolated on a
signal indicating high ambient temperature in its respective equipment area.

(8) Isolation of the Reactor Core Isolation Cooling (RCIC) System steamline to
the RCIC turbine on a signalindicating high steam flowin the RCIC line, low
steam pressure in the RCIC line, high RCIC turbine exhaust pressure, or high
ambient temperature in the RCIC equipment area.

(9) Isolation of the Suppression Pool Cleanup (SPCU) System on a signal
indicating high drywell pressure or low reactor water level.

,

(10) Isolation of the Flammability ControlSystem (FCS) on a signalindicating high
dowell pressure or low reactor water level.

(11) Isolation of the drywell sump low conductivity waste (LCW) and high
conductivity waste (HCW) discharge lines on a signal indicating high dqwell
pressure or low reactor water level. Also, each discharge hne is indhidually
isolated on a signal indicating high radioactivity in the discharged liquid
waste; only one channel is used for this function.

(12) Isolation of the LDS fission products monitor drywell sample and return lines
'

on a signal indicating high drywell pressure or low reactor water level.

(13) The LDS provides to the neutron monitoring system a signalindicating a high
dowell pressure or low reactor water level.

;

i

Separate manual controls in the control room are provided in LDS design for logic -
reset, MSIV operational control, MSIV partial closure tests, and for manual isolation of
primary and secondary containment. -

2,43-2 Leak Detection and Isolation System
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Each MSIV has three pilot solenoid valves; two are used for operational control and the
third is used to test the MSIV for partial closure. Each MSIV pilot solenoid valve is
controlled separately by the LDS as follows:

(1) Two of the three pilot solenoid valves of the MSIV are each provided with four
dhisional control signals to open the valve. MSIV closure occurs on loss of any
two of the four dhisional signals. !

(2) The third MSIV pilot solenoid valve is provided with one-out-of-two manual
control signals to test the MSIV for partial closure. Division I or III manual
signal is used to close the outboard MSIV, while Division II or IV manual signal
is used to close the inboard MSIV.

Except for MSIVs, the LDS provides three separate divisionalisolation signals (Dhisions
I, II and III) for automatic closure of the primary and secondary containment isolation
valves. Each LDS divisionalisolation signal initiates closure of the isolation valves that ;

are assigned in the same division.

The LDS design includes the following manual controls for separate isolation of the '

RCIC System, and closure of the MSIVs and the primary and secondary containmentN

isolation valves:

(1) Four MSIV isolation switches-one per Divisions I, II, III, and IV.

Closure of all the MSIVs requires the actuation of any two of the four dhisional
MSIV isolation switches.

,

(2) Three primary and secondary containment isolation switches-one per ;

'
Dhisions I, II and III.

Each isolation switch closes its respective dhisional isolation valves in the i

primary and secondary containment, except for the MSIVs and RCIC. ;

(3) Two RCIC isolation switches-one per Dhisions I and II.

Either isolation switch isolates the steamline to the RCIC turbine and causes
turbine trip. Dhision I switch closes the inboard, while Dhision II switch closes
the outboard isolation valves. 3

Manual reset controls are prmided at the dhisional level to initialize the logic and to I

reset the logic after isolation has cleared. Separate reset functions are provided in the )

LDS logic design for the MSIVs, the RCIC, and the containment isolation. 1

The LDS design uses redundant channels and is fail-safe in the event ofloss of electrical
power to one dhision of LDS logic.

Leak Detection andIsolation System 2.4.3-3
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Each of the four LDS divisional logic channels and associated sensors is powered from
its respective divisional Class IE power supply. In the LDS, independence is provided
between Class 1E divisions, and also between the Class 1E divisions and non-Class 1E

equipment.

The LDS sensors are located in the Reactor Building and Turbine Building; the logic
processors are located in the Control Building.

The LDS has the following displays and controls in the main control room:

(1) Parameter displays for LDS plant sensors defined on Figure 2A.S.

(2) LDS manual controls as described above.

(3) LDS divisional trip status.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.4.3 prosides a definition of the inspections, tests, and/or analyses, together with
associated acceptance criteria, which will be undertaken for the LDS.

O

,

t

;

|

!
l

O'
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[2 Table 2.4.3 Leak Detection & Isolation System b
9 tn*

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The equipment comprising the LDS is 1. Inspection of the as-built system will be 1. The as-built LDS conforms with the
defined in Section 2.4.3. conducted. description in Section 2.4.3.

2. LDS logic uses four independent sensor 2. Tests will be conducted using simulated 2. Isolation signal is initiated when at least
instrument channels of each process input signals for each process variable to any two out of four channels have
variable described in Section 2.4.3 for its cause trip conditions in two, three, and tripped.
automatic control and isolation functions. four instrument channels of the same

process variable.

3. Each MSIV can be subjected to a partial 3. Tests will be conducted by actuating each 3. When the test switch is actuated, the
closure test from the main control room. MSIV test switch. MSIV partially closes and then reopens

automatically.

4. LDS provides separate manual controls in 4. Tests will be performed on the as-built 4 Upon manual actuation, the following y
the main control room for MSIV closure, system as follows: actions occur: g

a. Simultaneously actuate any two of the a. Closure of all the MSIVs occurs only Ifor isolation of the primary and secondary
contcinment, and for isolation of the RCIC

four MSIV isolation switches to close when any two out of four switches are 5
System. (all MSIVs. actuated.

b. Actuate each RCIC isolation switch b. Isolation of the RCIC System occurs
(Divisions I and 11) to isolate the RCIC when Division I switch closes the
System. inboard or Division 11 switch closes

the outboard isolation valves.c. Actuate each primary and secondary
containment isolation switch c. Each divisional primary and

[ (Divisions I, || and 111) to isolate the secondary containment isolation
@ containment. switch closes only its respective
2 containment isolation valves.
E &
g' 5. Manual reset controls are provided to 5. Tests will be performed using the LDS 5. The logic circuitry resets for LDS ;3,

9; perform reset functions as described in reset controls, operation. @
S Section 2.4.3. $
E 3
E 6. LDS design is fail-safe in the event of loss 6. Tests will be conducted by disconnecting 6. Upon loss of electrical power to one @
5' of electrical power to one division of LDS electrical power to one division of LDS division of LDS logic, the affected LDS

{ logic. logic at a time. divisional channel trips. g
e a.
3 E.

O O O
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g Table 2.4.3 Leak Detection & Isolation System (Continued) b

tio~

inspections, Tests, Analyses and Acceptance Criteria

g. Design Commitment inspections, Tests, Analyses Acceptance Criteria M

! 7. Each of the four LDS divisionallogic 7. 7.
y channels and associated sensors is

, a. Tests will be performed on the LDS by a. The test signal exists only in the Class
" "' " " " " "

$asa s1E ower sup y he L 1 dv io at i e.
mdependence is provided between Class%

3 1E divisions, and between Class 1E b. Inspection of the as-installed Class 1E b. In the LDS, physical separation or

3 divisions and non Class 1E equipment. divisions in the LDS will be electrical isolation exists between
performed. Class 1E divisions. Physical

separation or electrical isolation exists
between these Class 1E divisions and
non-Class 1E equipment.

8. Main control room displays and controls 8. Inspections will be performed on the main 8. Displays and controls exist or can be
provided for the LDS are as defined in control room displays and controls for the retrieved in the main control room as M
Section 2.4.3. LDS. defined in Section 2.4.3.
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2.4.4 Reactor Core Isolation Cooling System

Design Description

The Reactor Core Isolation Cooling (RCIC) System consists of a turbine, pump, piping,
valves, controls and instnimentation. The RCIC turbine is driven by the steam from the

reactor pressure vessel (RPV) which then drives the RCIC pump. The function of the {
RCIC System is to provide makeup water to the RPV.

|
The RCIC steam supply to the turbine branches off one of the main steamlines inside

Icontainment upstream of the inboard MSIV and exhausts to the suppression pool
(S/P). The primary source of RCIC pump suction is the Condensate Storage Tank
(CST). The suppression pool is the secondary source of RCIC pump suction. Figure
2.4.4a shows the basic sptem configuration and scope. Figure 2.4.4b shows RCIC System

control interfaces.

The RCIC System shown on Figure 2.4.4a is classified as safety-related.

The RCIC System operates in the following modes:

(1) RPV water makeup.

(2) Full flow test.

(3) Minimum flow bypass.

RPV Water Makeup Mode

As shown on Figure 2.4.4b, the RCIC System channel measurements are provided to the
Safety System Logic and Control (SSLC) System for signal processing, setpoint
comparisons, and generating trip signals. The RCIC System is automatically initiated
when either a high drywell pressure or low reactor water level condition exists. RCIC
System is actuated at a reactor water level higher than the High Pressure Core Flooder
(HPCF) system actuation level. The SSLC processors use a two-out-of-four voting logic
for system initiation and shutdown. Manual RCIC System initiation can be performed
from the main control room (MCR). The RCIC System can be started bylocal operation
of RCIC System components outside the MCR.

The RCIC System automatically shuts down when a high reactor water level condition
exists. Following RCIC shutdown on high reactor water level signal, the RCIC System
automatically restarts to provide RPV water makeup, if the low reactor water level
initiation signal recurs.

O During this mode, the primary source pump suction is the CST. Automatic transfer of
pump suction from the CST to the S/P occurs when a low CST water level or a high

[ suppression pool water level signal exists. This transfer can be manually overridden

Reactor Core isolation Cooling System 2.4.4-1
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| from the MCR. The CST and S/P water level signals are processed through SSLC's two-

out-of four voting logic to initiate suction transfer.

In the RPV water makeup mode, the RCIC pump delivers a flow rate of at least
3182 m /hr against a maximum differential pressure (between the RPV and the suction

2source) of 82.8 kg/cm . This flow rate is achieved within 29 seconds of receipt of the
system initiation signal. The RCIC pump has sufIicient net positive suction head
(NPSH) available at the pump.

The RCIC System operates for a period of at least 2 hours under conditions of no AC
power :xailability and no other simultaneous failures, accidents or other design basis
conditions.

Full Flow Test Mode
The RCIC System has a full flow test raode to permit pump flow testing during plant
operation. Dming the test, wateris pt mped from the suppression pool and returned to
the suppression pool via the test return line. The vesselinjection valve is kept closed.

If a system initiation signal occurs during the full flow test mode, the RCIC System
automatically aligns to the RPV water makeup mode.

Minimum Flow Bypass Mode

The RCIC System has a minimum flow bypass mode that assures there is always flow in
the RCIC pump when it is operating. This is accomplished automatically by monitoring
pump discharge flow, and opening a minimum flow valve to the suppression pool when
flow falls below minimum value. The minimum flow valve closes when the pump flow
exceeds the minimum value. Minimum flow bypass operation is automatic based on a

| flow signal opening the minimum flow valve when the flow is low, with a concurrent
t high pump discharge pressure signal.

Other Provisions
The RCIC System shown on Figure 2.4.4a is classified as Seismic Category I. Figure
2.4.4a shows the ASME Code class for the RCIC System. The RCIC System is located

inside primary containment and in the Reactor Building.

As shown on Figure 2.2.4a, the RCIC System components are powered from Class IE
Division I, except for the steam supply outboard containment isolation valve, which is
powered from Class IE Dhision II. All RCIC System components shown on Figure 2.2.4a
except the inboard containment isolation valves are powered from DC sources. in the
RCIC System, independence is provided between Class IE divisions, and also between
Class IE dhisions and non-Class IE equipment.

O
2A4-2 Reactor Core Isolation Cooling System

i

- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _



<

!

25A5447Rev. 2 '

ABWR cenwedDesiga unterial

C\

(
Outside the primary containment, except for the piping from the CST, the RCIC System
shown on Figure 2.4.4a is physically separated from the two divisions of the High
Pressure Core Flooder (HPCF) System.

The RCIC System has the following displays and controls in the main control room

(MCR):

(1) Parameter displays for the instruments shown on Figure 2.4.4a.
|

(2) Controls and status indication for the active safety-related components shown |

on Figure 2.4.4a.

(3) Manual system level initiation capability for RPV water makeup mode.

| (4) Manual override of the automatic CST to S/P suction transfer.

The safety-related electrical components (including instrumentation and control)
shown on Figure 2.4.4a located inside primary containment and in the Reactor Building
are qualified for a harsh environment.

,

The motor-operated vahrs (MOVs) shown on Figure 2.4.4a have active safety-related

( functions to open, close, or both open and close, and performs these functions under
differential pressure, fluid flow, and temperature conditions.

The check valves (C\"s) shown on Figure 2.4.4a have active safety-related functions to
open, close, or both open and close under system pressure, fluid flow, and temperature
conditions.

The RCIC turbine is tripped if a low pump suction pressure condition is present.

The following RCIC System components:

(1) Piping and components from the pump suction MOV's up to the pump inlet,

(2) Barometric condenser and associated equipment

2have a design pressure of 28.8 kg/cm g for intersystem loss-of-coolant accident

(ISLOCA) conditions.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.4.4 provides a definition of the inspections, test and/or analyses, together with
associated acceptance criteria, which will be undertaken for the RCIC System.

'i
||-

Reactor Core Isolation Cooling System 2.4.4-3
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2 Table 2.4.4 Reactor Core Isolation Cooling System b
S (23*

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1, The basic configuration of the RCIC 1. Inspections of the as-built system will be 1. The as-built RCIC System conforms with
System is as shown on Figures 2.4.2a and conducted. the basic configuration shown on Figure
2.4.2 b. 2.4.2a.

2. 'The ASME Code components of the RCIC 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
Eystem retain their pressure boundary those Code components of the RCIC ASME Code components of the RCIC
integrity under internal pressures that will System required to be hydrostatically System conform with the requirements in
le experienced during service. tested by the ASME Code. the ASME Code Section Ill.

3. 3. 3.

e. The RCIC System is automatically a. Tests will be conducted using a. The RCIC System receives an
initiated in the RPV water makeup simulated input signals for each initiation signal.
mode when either a high drywell process variable to cause trip
pressure or a low reactor water level conditions in two, three, and four y
condition exists. instrument channels of the same {

process variable. ;
=

b. Manual RCIC System initiation can be b. Tests will be conducted by manually b. The RCIC System receives an [
performed. initiating RCIC System. initiation signal.

E'

E
R

9
i ?
E a
E R
l' %
e a
$ 'if
= =tn ~
M Eg u.
3 P

O O O
. . . . -
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g Table 2.4.4 Reactor Core isolation Cooling System (Continued) b
E ED
a inspections, Tests, Analyses and Acceptance Criteria
n
$ Design Commitment inspections, Tests Analyses Acceptance Criteria

o$ c. Following receipt of an initiation c. Tests will be conducted on the RCIC c. Upon receipt of a simulated initiation
h signal, the RCIC System automatically System using simulated initiation signal, the following occurs:

initiates and operates in the RPV signal. (1) Steam supply bypass valve
g water makeup mode. receives open signal.
a

$ (2) Test return valves receive close
j signal.
3 (3) CST suction valve receives open

signal.

(4) Injection valve receives open
signal after a 10-second time
delay.

9

(5) Steam admission valve receives E
open signal after a 10-second time [
delay. ,s

d. The RCIC System automatically shuts d. Tests will be conducted using d. RCIC System receives shutdown $
down when a high reactor water level simulated high reactor water level signal.
condition exists, signals to cause trip conditions in two,

three, and four instrument channels of
water level variable.

c. Following receipt of shutdown signal, e. Tests will be conducted on RCIC e. Upon receipt of simulated shutdown
the RCIC System automatically System using simulated shutdown signals, the following occurs:
terminates the RPV water makeup signal. (1) Steam supply bypass valve
mode. receives close signal, nn

(2) RCIC initiation logic resets. g
(3) Injection valve receives close g

signal. 3
@

(4) Steam admission valve receives =

close signal. f9 ,

& i!-
s -
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tg Table 2.4.4 Reactor Core Isolation Cooling System (Continued) b
b g
* Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria J||

f. Following RCIC shutdown on high f. Tests will be conducted using f. Upon receipt of simulated low reactor
reactor water level signal, the RCIC simulated low reactor water level water level signals, the following
System automatically restarts to signals. occurs:
provide RPV water makeup if low (1) Steam supply bypass valve
reactor water level signal recurs. receives open signal.

(2) Test return valves receive close
signal.

(3) CST suction valve receives open
signal.

(4) injection valve receives open
signal after a 10 second time
delay. E

(5) Steam admission valve receives I
open signal after a 10 second time
delay.

%

p. The RCIC System automatically g. Tests will be conducted using g. The RCIC System receives suction

| initiates suction transfer from the CST simulated input signals for each transfer initiation signal.
| to the suppression pool when either a process variable to cause trip

low CST water level or a high conditions in two, three, and four
| suppression pool water level exists. instrument channels of the same

,
a process variable.
a
R h. Following receipt of suction transfer h. Tests will be conducted using h. Upon receipt of simulated suction

@ initiation signal, the RCIC System simulated suction transfer initiation transfer initiation signals, the

$ automatically switches pump suction. signals. following occurs: 9
g This transfer can be manually (1) Suppression pool suction valve
6- overndden from the MCR. ca.

,

= opens. e

8 (2) CST suction valve closes.The $.
n

d suction transfer can be manually g
overridden from the MCR. gy

|? E.
9 P

O O O
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is Table 2.4.4 Reactor Core Isolation Cooling System (Continued) b
n 03
a inspections. Tests, Analyses and Acceptance Criteria

I O
y Design Commitment inspections, Tests, Analyses Acceptance Criteria
c
st 5 In the RPV water makeup mode, the 1. Tests will be conducted in a test i.

[ RCIC pump delivers a flow rate of at facility on the RCIC System pump and (1) The RCIC pump delivers a flow
$ least 182 m /hr against a maximum turbine. rate of at least 182 m2/hr against a
g differential pressure (between the maximum differential pressureg RPV and the pump suction) of 82.8 (between the RPV and the pump
$, suction) of 82.8 kg/cm 3g crn 2

3 (2) The RCIC turbine delivers the
speed and torque required by the
pump at the above conditions.

J. The RCIC System pump has suf ficient j. Inspections, tests, and analyses will j. The available NPSH exceeds the
NPSH. be performed based upon the as-built NPSH required by the pump.

system. NPSH tests of the pump will N
Abe performed at a test facility. The

analyses will consider the effects of: h
n

(1) Pressure losses for pump inlet ;

piping and components. 4

(2) Suction from suppression pool
with water level at the minimum
value.

(3) 50% blockage of pump suction
strainers.

(4) Design basis fluid temperature
(77"C).

n
(5) Containment at atmospheric 3

pressure. $
o.

&
=
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N
u o
~

D.h
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R Table 2.4.4 Reactor Core Isolation Cooling System (Continued) b
E CD
a inspections Tests, Analyses and Acceptance Criteria
n
$ Design Commitment inspections, Tests, Analyses Acceptance Criteria

$ i. In the RPV water makeup mode, the i. Tests will be conducted in a test i.

$. RCIC pump delivers a flow rate of at facility on the RCIC System pump and (1) The RCIC pump delivers a flow3
& least 182 m /hr against a maximum turbine. rate of at least 182 m2/hr against a
8 differential pressure (between the maximum differential pressureg RPV and the pump suction) of 82.8

2 (between the RPV and the pump

{ kg/cm - 2suction) of 82.8 kg/cm )

3 (2) The RCIC turbine delivers the
speed and torque required by the
pump at the above conditions.

J. The RCIC System pump has sufficient J. Inspections, tests, and analyses will j. The available NPSH exceeds the
NPSH. be performed based upon the as-built NPSH required by the pump,

system. NPSH tests of the pump will N
5be performed at a test facility. The

analyses will consider the effects of:
:=

(1) Pressure losses for pump inlet 2
piping and components. 4

(2) Suction from suppression pool
with water level at the minirnum
value.

(3) 50% blockage of pump suction
strainers.

(4) Design basis fluid temperature
(77'C).

n
(5) Containment at atmospheric g

pressure. p
ca.

E'
=

2 E
h ::!.
6 !!!.

|
6
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t Table 2.4.4 Reactor Core Isolation Cooling System (Continued) b
b D3g inspections. Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria 23
_

k. The RCIC System operates for a k. Inspections of the as-built RCIC and k. The RCIC System can operate for a
period of at least 2 hours under supporting systems will be performed period of at least 2 hours under
conditions of no AC power availability to determine RCIC capability. conditions of no AC power availability
and no other simultaneous failures, and no other simultaneous failures,
accidents, or other design basis accidents, or other design basis
conditions. conditions.

l. The RCIC can be started by local I. Tests will be conducted locally on I. RCIC System components required
operation of the RCIC System RCIC System components required for system operation can be actuated
components outside the MCR. for system operation. locally.

4. If a system initiation signal occurs during 4. Test will be conducted using simulated 4. The RCIC System automatically aligns to
the full flow test mode, the RCIC System initiation signals. RPV water makeup mode from test mode
automatically aligns to the RPV water upon receipt of an initiation signal. %
makeup mode. $

5. Thn RCIC System has a minimum flow 5. Tests will be conducted on the pump 5. The pump minimum flow valve receives a k
bypass mode that assures there is always minimum flow valve interlock logic using signal to open when signals indicative of ?
flow in the RCIC pump when it is simulated pressure and flow signals. the following conditions exist [
operating. concurrently:

a. Pump discharge pressure is high
when the pump starts.

b. Pump flow is low.
x
2 The pump minimum flow valve receives a
! signal to close when a signal indicative of
p the following condition exists:

h- a. Pump flow exceeds minimum value. @
B- $
& a.
$ ?
E &y u

tD
e m.
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y Table 2.4.4 Reactor Core isolation Cooling System (Continued) b
a - m
a inspections, Tests, Analyses and Acceptance Criteria
9
;; Design Commitment inspections, Tests, Analyses Acceptance Criteria
cr
g E As shown on Figure 2.4.2a, the RCIC 6. 6.

g System components are powered from a. Tests will be performed in the RCIC a. The test signal exists only in the Class
Class 1E d,v,sion I, except for the steamii System by providing a test signalin 1E division under test in the RCIC

g supply outboard containment , solationi only one Class 1E division at a time. System.
g valve which is powered from Class 1E
g division 11. All RCIC System components b. lospections of the as-built Class 1E b. In the RCIC System physical
y shown on Figure 2.4.2a excer t the divisions in the RCIC System will be separation or electrical isolation exists
3 inboard containment isolation valves are performed. between Class 1E divisions in the

powered from DC sources. In the RCIC RCIC System. Physical separation or
System, independence is provided electrical isolation exists between
between Class 1E Divisions and between Class 1E divisions and non-Class 1E
Class 1E Divisions and non-Class 1E equipment.
equipment. y

vi

7. Outside the primary containment, except 7. Inspections of the as-installed RCIC 7. Outside the primary containment, except ffor the piping from the CST, the RCIC System will be performed, for the piping from the CST, the RCIC y

System shown on Figure 2.4.4a, is System shown on Figure 2.4.4a,is {
physically separated from the two physically separated from the two L
divisions of the HPCF System. divisions of the HPCF System by

structural and/or fire barriers.

8. Main control room displays and controls 8. Inspections will be performed on the main 8. Displays and controls exist or can be
provided for RCIC System are as defined control room displays and controls for the retrieved in the main control room as
in Section 2.4.4. RCIC System. defined in Section 2.4.4.

_

$
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t Table 2.4.4 Heactor Core Isolation Cooling System (Continued) b
v- to
c inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria %
==
9. 9. 9.

a. MOVs designated in Section 2.4.4 as a. Tests of installed valves for opening, a. Upon receipt of the actuating signal,
having active safety-related function closing, or both opening and closing each MOVs opens, closes, or both
open, close or both open and close will be conducted under pre- opens and closes, depending upon
under differential pressure, fluid flow, operational differential pressure, fluid the valve's safety functions. The
and temperature conditions. flow, and temperature conditions. following valves open, or close, in the

following time limits:

Mllys ItInn

Steam Supply 530 see Close
Containment
Isolation Valves N

$
Injection Valve s 15 sec Open ;

E
u

b. CVs designated in Section 2.4.4 as b. Tests of installed valves for opening, b. Based on the direction of the
having an active safety-related closing, or both opening and closing, differential pressure across the valve,
function open, close, or both open will be conducted under system each CV opens, closes, or both opens
and close, under system pressure, preoperational pressure, fluid flow, and closes, depending upon the
fluid flow, and temperature and temperature conditions. valve's safety functions.

[ conditions.
n
R 10 The RCIC turbine is tripped if low suction 10. Test will be conducted using a simulated 10. The turbine trip and throttle valve
9 Iow suction pressure signal. receives a trip signal.
$

pressure condition is present.
D

8 B.
Ei @
f @
e a
a e
s- a

Nm =
M 4'
s :m.
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2.5.1 Fuel Servicing Equipment

No entry for this system.
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2.5.2 Miscellaneous Servicing Equipment

No entry for this system.
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2.5.3 Reactor Pressure Vessel Servicing Equipment :

No entry for this system.
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2.5.4 RPV Internal Servicing Equipment

No entry for this system.

|

|
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2.5.5 Refueling Equipment

Design Description :

'

The Reactor Building is supplied with a refueling machine for fuel movement and
senicing plus an auxiliary platfonn for senicing operations from the vessel flange level.

The refueling machine is a gantry crane, which spans the reactor vessel and the storage
pools on bedded tracks in the refueling floor. A telescoping mast and grapple 1

suspended from a trolley system is used to lift and orient fuel bundles for placement in
the core and/or storage racks. Two auxiliary hoists, one main and one auxiliary
monorail trolley-mounted, are provided for in-core senicing. Control of the machine is
from an operator station on the refueling floor.

The refueling machine is classified as non-safety-related. ,

A position indicating system and travel limit computer are provided to locate the
grapple over the vessel core and prevent collision with pool obstacles. The mast grapple -

has a redundant load path so that no single component failure results in a fuel bundle
drop. Interlocks on the machine: (1) prevent hoisting a fuel bundle over the vessel
unless an all-control-rod-in permissive is present; (2) limit vertical travel of the fuely

grapple to prmide shielding over the grappled fuel during transit; (3) prevent lifting of
fuel without grapple hook engagement and load engagement. ,

|

The refueling machine is classified as Seismic Category 1. I
|

Inspections, Tests, Analyses and Acceptance Criteria |
|

Table 2.5.5 pro ides a definition of the inspection, test, and/or analyses, together with
associated acceptance criteria, which will be undertaken for the refueling machine. No
entries are proposed for the auxiliary platform.

!
1

Refueling Equipment 2.5.51

. . . . - ,,



4 Table 2.5.5 Refueling Equipment b
;- C3

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

5 The basic configuration of the refueling 1. Inspections of the as-built refueling 1. The as-built refueling machine conforms
machine is described in Section 2.5.5. machine will be conducted. with the basic configuration described in

Section 2.5.5.

2. Interlocks on the machine: 2. Tests will be conducted on the as built 2. Inter!ocks on the machine:
refueling achine using simulateda. Prevent hoisting a fuel bundle over a. Prevent hoisting a fuel bundle over

the vessel unless an all-control-rod-in signals and loads. the vessel unless an all-control-rod-in
permissive is prerent. permissive is present.

b. Limit vertical travel of the fuel grapple b. Limit vertical travel of the fuel grapple
to provide shieiding over the grappled to provide shielding over the grappled
fuel during transit. fuel during transit.

c. Prevent lifting of fuel without grapple c. Prevent lifting of fuel without grapple %

hook engagement and load hook engagement and load $
engagement. engagement. g
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2.5.6 Fuel Storage Facility

Design Description

The Fuel Storage Facility provides storage racks for the temporary and long-term
storage of new and spent fuel and associated equipment. The new and spent fuel
storage racks use the same configuradon and prevent inadvertent criticality.

The racks are classified as non-safety-related.

Racks provide storage for spent fuelin the spent fuel storage poolin the Reactor
Building. New fuel,40% of reactor core,is stored in the new fuel storage vault in the
Reactor Building. The racks are top loading, with fuel bail extended above the rack. The
spent fuel racks have a minimum storage capacity of 270% of the reactor core, which is
equivalent to a minimum of 2354 fuel storage positions. The new and spent fuel racks
maintain a subcriticality of at least 5% Ak under dry or flooded conditions. The rack
arrangement prevents accidental insertion of fuel assemblies between adjacent racks
and allows flow to prevent the water from exceeding 100 C.

The racks are classified as Seismic Category I.

N Inspections, Tests, Analyses and Acceptance Criteria

Table 2.5.6 provides a definition of the inspections. tests, and/or analyses, together with
associated acceptance criteria, which will be undertaken for the new and spent fuel
storage racks.

Tvel Storage facility 2.5.6-1



E Table 2.5.6 Fuel Storage Facility b
(23,3 _

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

I The basic configuration of the new and 1. Inspections of the as-built system will be 1. The as-built new and spent fuel storage
spent fuel racks is described in Section conducted racks conform with the basic
2.5.6. configuration described in Section 2.5.6.

2. The new and spent fuel racks maintain a 2. Analyses will be performed to determine 2. An analysis report exists which concludes
the k n f the as-built new and spent fuel that the new and spent fuel racks have asubcriticality of at least 5% Ak under dry oe

or flooded conditions, racks. subcriticality of at least 5%Ak under dry or
flooded conditions.

3. The rack arrangement prevents accidental 3. Inspections of the as-built new and spent 3. The rack arrangement prevents accidental
insertion of fuel assemblies bet.veen fuel racks will be performed. insertion of fuel assemblies between
adjacent racks. adjacent racks.

4. The rack arrangement allows flow to 4 An analysis of the as-built spent fuel rack 4. An analysis report exists which concludes y

prevent the water from exceeding 100"C. will be performed to determine the that the rack arrangement allows flow to y
maximum water temperature. prevent the water from exceeding 100'C. f

5'
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2.5.7 Under-Vessel Servicing Equipment

No entry for this system.
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2.5.8 CRD Maintenance Facility i

No entry for this system.
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2.5.9 Internal Pump Maintenance Facility
,

No entry for this system.

,

b

Interns! Pump Maintenance facility 2.5.942
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2.5.10 Fuel Cask Cleaning Facility .

No entry for this system.
P
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2.5.11 Plant Start-up Test Equipment :

No entry for this system. ,
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2.5.12 Inservice inspection Equipment
!

No entry for this system.
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2.6.1 Reactor Water Cleanup System

Design Description

The Reactor Water Cleanup (CUW) System removes particulate and dissolved
impurities from the reactor coolant by circulating a portion of the reactor coolant
through a filter-demineralizer.

The CUW System removes excess coolant from the reactor system during startup,
shutdown and hot standby. The excess water is directed to the radwaste or main
condenser. The CUW System also provides processed water to the reactor head spray

noz21e for Reactor Pressure Vessel (RPV) cooldown. ,
L

The CUW System reduces RPV temperature gradients by maintaining circulation in the.-

bottom head of the RPV during periods when the reactor internal pumps are
unavailable.

Figure 2.6.1 shows the basic CUW System configuration and scope. Except for the
primary containment penetration and isolation valves, the CUW System is classified as
non-safety-related. The major ponion of the sysicm is located outside of We primay

( containment in the Reactor Building.

CUW System piping and components from the RPV, out to and including the outboard
isolation valves, are part of the reactor coolant pressure boundary and are classified as
Seismic Category I. The remainder of the piping system is classified as non-Seismic ;

Category 1. Figure 2.6.1 shows the ASME Code class for the CUW system components
,

The inboard containment isolation valve is powered from Class IE Division II, and the
outboard containment isolation valves are powered from Class IE Division I. In the
CUW System, independence is providctl between the Class IE divisions, and between
the Class IE divisions and non-Class lE equipment.

.

The main control room has control and open/close status indication for the
containment isolation valves.

|

The safety-related electrical equipment, located in the primary containment and |

Reactor Building is qualified for a harsh emironment. |

The motor-operated valves (MOVs) for containment isolation shown in Figure 2.6.1 j

have active safety-related functions to close and perform this function under differential |

pressure, fluid flow and temperature conditions. |

The check valves (CVs) shown on Figure 2.6.1, have active safety-related function to
close under system pressure, fluid flow, and temperature conditions.

Reactor Water Clear = system 2.6.1- 1
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The CUW suction line is provided with a flow restrictor which provides flow restricting
and flow monitoring functions. Maximum throat diameter is 135 mm.

The reactorvessel bottom head drain line is connected to the main CUWsuction piping

by a tee. The centerline of the tee connection is at an elevation of at least 460 mm above
the centerline of the variable leg nozzle of the RPV wide range water level instrument.

The CUW piping and components downstream of the blowdown valve leading towards
2

the Radwaste System shown on Figure 2.6.1 have a design pressure of 28.8 kg/cm g for

intersystem loss +f-coolant accident (ISLOCA) conditions.

Inspections. Yests, Analyses and Acceptance Criteria

Table 2.6.1 provides a definition of the inspections, tests, and/or analyses, togetherwith
associated acceptance criteria, which will be undertaken for the CUW System.

1

O

1

|

O
l

f
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2B 1-2 Reactor Water Cleanup System'
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E Table 2.6.1 Reactor Water Cleanup System b
W

I Inspections, Tests, Analyses and Acceptance Criteria

Design Commitments inspections, Tests, Analyses Acceptance Criteria

1. The basic configurati(n for the CUW 1. Inspection of the as-built system will be 1. The as-built CUW System conforms with
System is as shown in Figure 2.6.1. conducted. the basic configuration shown in

Figure 2.6.1.

2. The ASME Code components of the CUW 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
System retain their pressure boundary those Code components of the CUW ASME Code components of the CUW
integrity under internal pressures that will System required to be hydrostatically System conform with the requirements in
be experienced during service. tested by the ASME Code. the ASME Code, Section Ill.

3. The inboard containment isolation valve 3. 3.
is powered from Class 1E Division !!, and a Tests will be performed on the CUW a. The test signal exists only in the Class
the outboard containment isolation valves System by providing a test signal in 1E division under test in the CUW
are powered from Class 1E Division I. In only one Class 1E division at a time. System.

,

the CUW System, independence is y
provided between Class 1E divisions, and b. Inspections of the as-installed Class b. In the CUW System, physical >

between Class 1E divisions and non-1E 1E divisions in the CUW System will separation or electricalisolation exists k

equipment. be performed. between Class 1E divisions. Physical y
separation or electrical isolation exists 5

"
between Class 1E divisions and non-
Class 1E equipment.

4. Main control room displays and controls 4. Inspections will be performed on the main 4. Displays and controls exist or can be
provided for CUW System are as defined control room displays and controls for the retrieved in main control room as defined
in Section 2.6.1. CUW System. in Section 2.6.1.
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R Table 2.6.1 Reactor Water Cleanup System (Continued) b
E tits
a inspections, Tests, Analyses and Acceptance Criteria
5
g.,' Design Commitments inspections, Tests, Analyses Acceptance Criteria
.,

p 5. 5. 5.

E a. MOVs designated in Section 2.6.1 as a. Tests of installed valves for closing a. Upon receipt of the actuation signal

E having an active safety- related will be conducted under each MOV closes. The following

i function close under differential preoperational differential pressure, valves close in the following time
3 pressure and fluid flow and fluid flow, and temperature limits:

temperature conditions. conditions.

Valve Time (sec)

Suction line 530 Close
inboard CIV

Suction line s30 Close y

outboard CIV E

kb. CVs designated in Section 2.6.1 as b. Tests of installed valves for closing b. Each CV closes.
having an active safety-related will be conducted under system pre- R
function close under system pressure, operational pressure, fluid flow, and [
fluid flow, and temperature temperature conditions.
conditions.

6. Maximum throat diameter of the CUW 6. Inspections will be performed on the 6. Maximum throat diameter of the CUW
suction line flow restrictor is 135 mm. CUW suction line flow restrictor throat suction line flow restrictor is 135 mm.

diameter.

7. The bottom head drain line is connected 7. Inspections of the as-built CUW and RPV 7. The centerline of the vessel bottom head
to the main CUW suction piping by a tee. will be performed. drain line tee connection is at least 460
The centeriine of the tee connection is at mm above the centerline of the variable
an elevation of at least 460 mm above the leg nozzle of the RPV wide-range water {
centerline of the variable leg nozzle of the level instrument. en

RPV wide-range water level instrument. h
C|
a-=

4

b f.
+ e.
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2.6.2 Fuel Pool Cooling and Cleanup System
,

,

Design Description

The Fuel Po-J. Cooling and Cleanup (FPC) System (Figure 2.6.2) removes decay heat
generated by the spent fuel assemblies in the spent fuel storage pool. The system also
maintains the water quality and monitors and maintains the water level above the spen t '

fuel in the spent fuel storage pool. Figure 2.6.2 shows the basic FPC System
configuration and scope. i

The FPC System is classified ren-safety-related, except for piping connections and
valves for safety-related fuel pool makeup and supplemental cooling by the Residual
Heat Remmal (RHR) System.

The safety-related makeup water source for the spent fuel storage pool is provided by
the RHR System, which pumps suppression pool water to the FPC System.

The FPC System components, with the exception of the filter /demineralizer unit, are
classified as Seismic Category I. Figure 2.6.2 shows the ASME Code class for the FPC
System piping and components.

The FPC System is located in the Reactor Building. i

The FPC System has parameter displays in the main control room for instruments
shown on Figure 2.6.2.

The check valves (CVs) shown on Figure 2.6.2 have active safety-related functions to
open, close, or both open and clase under system pressure, fluid flow, and temperature
conditions.

The piping and components of the FPC System at the suction side of the RHR System
2from the upstream isolation valve have a design pressure of 28.8 kg/cm g for

intersystem LOCA (ISLOCA) conditions.

Inspections, Tests, Analyses and Acceptance Criteria r

I
Table 2.6.2 provides a defmition of the inspections, tests and/or analyses, together with
associated acceptance criteria, which will be undertaken for the FPC System.

.

!

\

FuelPool Cooling and Cleanup System 2.6.2- 1
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i' Table 2.6.2 Fuel Pool Cooling and Cleanup System b
03

f' Inspections, Tests, Analyses and Acceptance Criteria g
k Design Commitment inspections, Tests, Analyses Acceptance Criteria
=
0 1. The basic configuration of the FPC 1. Inspection of the as built system will be 1. The as-built FPC System conforms with

( System is as shown on Figure 2.6.2. conducted. the basic configuration shown on Figure
2.6.2.p

! 2. The ASME Code components of the FPC 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
& System retain their pressure boundary those Code components of the FPC ASME Code components of the FPC
h integrity under internal pressures that will System required to be hydrostatically System conform with requirements in the
3 be experienced during service. tested by the ASME Code. ASME Code, Section 111.

3. The safety-related makeup water source 3. Tests will conducted on the as-built FPC 3. The combined RHR System and FPC
for the spent fuel storage pool is provided and RHR Systems by aligning the systems System operation transfers water from
by the RHR System, which pumps so that the RHR System draws water from suppression pool to the spent fuel storage
suppression pool water to the FPC the suppression pool and discharges into pool.
System. the spent fuel storage pool. g

4. Main control room displays provided for 4. Inspections will be performed on the main 4 Displays exist or can be retrieved in the {
the FPC System are as defined in Section control room displays for the FPC System. main control room as defined in Section ;
2.6.2. 2.6.2. 2

%
5. CVs designated in Section 2.6.2 as having 5. Tests of installed valves for opening, 5. Based on the direction of the differential

an active safety-related function open, closing, or both opening and closing, will pressure across the valve, each CV opens,
close, or open and close, under system be conducted under system close, or both opens and closes
pressure, fluid flow, and temperature preoperational pressure, fluid flow, and depending upon the valve's safety
conditions. temperature conditions. functions.
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2.6.3 Suppression Pool Cleanup System

Design Description

The Suppression Pool Cleanup (SPCU) System removes particulates and dissolved
impurities from the suppression pool by circulating suppression pool water through the
Fuel Pool Cooling (FPC) System water treatment equipment. The SPCU System also

| provides a source of makeup water to the spent fuel storage pool and the Reactor
Building Cooling Water (RCW) System turge tanks using either the suppression pool or
condensate storage tank water via the High Pressure Core Flooder (HPCF) System ,

supply piping. Figure 2.6.3 shows the basic system configuration and scope.

Except for the primary containment penetration and isolation valves, the SPCU System ,

is classified as non-safety-related.

The SPCU System piping and components, as shown on Figure 2.6.3, are classified as
Seismic Category I. Figure 2.6.3 shows ASME Code class for the SPCU System piping and >

components.

The SPCU System is located outside the primary containment in the Reactor Building.s

The inboard containment isolation va'ves are powered from Class IE Division II, and
the outboard containment isolation valve is powered from Class IE Division I. In the

SPCU System, independence is provided between the Class IE divisions, and also
between Class IE divisions and non-Class IE equipment.

The main control room has control and open/close status indication for the
containment isolation valves.

The safety-related electrical equipment located outside the primary containmentin the
Reactor Building is qualified for a harsh emironment.

The motor-operated valves (MOVs) for containment isolation, shown on Figure 2.6.3
have active safety-related function to close and perform this function under differential
pressure, fluid flow, and temperature conditions.

The check valve (CV) for containment isolation shown on Figure 2.6.3, has active safety-
related function to close under system pressure, fluid flow, and temperature conditions.

Inspections, Tests, Analyses and Acceptance Criteria
'

Table 2.6.3 provides definition ofinspections, tests, and/or analyses, together with >

{ associated acceptance criteria, which will be undertaken for the SPCU System.
t

Suppression Poo! Cleanup System 2.6.3- 1
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{ Table 2.6.3 Suppression Pool Cleanup System b
a 03
3 Inspections, Tests, Analyses and Acceptance Criteria g
I Design Commitment inspections, Tests, Analyses Acceptance Criteria
E
2. 1. The basic configuration of the SPCU 1. Inspections of the as-built system will be 1. The as-built SPCU System conforms with
9 System is as shown on Figure 2.6.3. conducted. the basic configuration shown an
5 Figure 2.6.3.
w
m 2. The ASME Code components of the SPCU 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
h System retain their pressure boundary those Code components of the SPCU ASME Code components of the SPCU
3 integrity under internal pressures that will System required to be hydrostatically System conform with the requirements in

be experienced during service. tested by the ASME Code. the ASME Code Section 111.

3. The inboard containment isolation valves 3. 3.
are powered from Class 1E Division 11, and

a. Tests will be conducted in the SPCU a. The test signal exists only in the Class
the outboard containment isolation valve System by providing a test signal in 1E division under test in the SPCUis powered from Class 1E Division 1. In the only one Class 1E division at a time. System.
SPCU System, independence is provided M
between Class 1E divisions, and between b. Inspections of the as-built Class 1E b. In the SPCU System, physical b

Class 1E divisions and non-Class 1E divisions in the SPCU System will be separation or electrical isolation exists f
equipment. performed. between Class 1E divisions. Physical y

separation or electrical isolation exists s
"

between these Class 1E divisions and
non-Class 1E equipment.

4. Main control room displays and controls 4. Inspections will be conducted on the main 4. Displays and controls exist or can be
provided for the SPCU System are as control room displays and controls for the retrieved in the main control room as
defined in Section 2.6.3. SPCU System. defined in Section 2.6.3.

5. 5. 5.

a. MOVs designated in Section 2.6.3 as a. Tests of installed valves for closing a. Upon receipt of the actuating signal,
having an active safety.related will be conducted under each MOV closes. n
function close under differential preoperational differential pressure, E
pressure, fluid flow, and temperature fluid flow, and temperature iP
conditions. conditions. S

E
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I
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b
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g Table 2.6.3 Suppression Pool Cleanup System (Continued) b
' tI3
* Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria M

b. The CV designated in Section 2.6.3 as b. Tests of the installed valve for closing b. The CV closes.
having an active safety-related will be conducted under system
function closes under system preoperational pressure, fluid flow,
pressure, fluid flow, and temperature and temperature conditions.
conditions.
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2.7.1 Main Control Room Panels |

!

Design Description

The Main Control Room Panels (MCRP) consist of the main control console, the large

display panel, the supervisor's console, the auxiliary or back panels and their respective
internal wiring.

The MCRP locates and configures the alarms displays and controls for plant systems.

Those parts of the MCRP that contain Class IE equipment are classified as Seismic
Category I.

NonCass IE and divisional Class 1E control and instmment power is provided for the
MCRP. Independence is provided between Class IE divisions and also between the Class
1E divisions and non-Class IE equipment. ;

The MCRP has the fixed alarms, displays, and controls shown on Table 2.7.la.

Inspections, Tests, Analyses and Acceptance Criteria

ON
Table 2.7.la provides a definition of the inspections, tests and/or analyses, together ,

*

with associated acceptance criteria, which will be undertaken for the MCRP.

,

;

!

|

1
1

|
i

t

Main Control Room Panels 2.7.1- 1
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M Table 2.7.1a Main Control Room Panels Fixed Position Alarms, Displays and Controls b
tn

A. Fixed Position Centrols

Manual Scram initiadon Switch (A) DG (A) Start Switch Div. I Manual / Auto Main Steamline Isolation
Reset Switch

Manual Scram initiation Switch (B) DG (B) Start Switch Div. Il Manual / Auto Main Steamline Isolation
Reset Switch

Reactor Mode Switch DG (C) Start Switch Div. I!! Manual / Auto Main Steamline Isolation
Reset Switch

Div. I Main Steamline Manual RCIC System Standby Mode initiation Div. IV Manual / Auto Main Steamline isolation
isolation Switch Switch Reset Switch

Div. li Main Steamline Manual Condensate Pump Standby Mode Primary Containment Div. l isolation Roset
isolation Switch initiation Switches Switch

Div. lli Main Steamline Manual Reactor Feedpump Standby Mode Primary Containment Div. ll isolation Roset
isolation Switch initiation Switches Switch g
Div. IV Main Steamline Manual Condensate Pump Startup Mode Primary Containment Div. lil Isolation Reset {
isolation Switch Initiation Switches Switch ;

Primary Containment Div. I Manual Reactor Feedpump Startup Mode RHR (A) Shutdown Cooling Mode initiation (
lsolation Switch initiation Switches Switch

Primary Containment Div.11 Manual SLC (A) Pump Control Switch RHR (B) Shutdown Cooling Mode initiation
isolation Switch Switch

Primary Containment Div. lll Manual SLC (B) Pump Control Switch RHR (C) Shutdown Cooling Mode Initiation
isolation Switch Switch

RCIC Initiation Switch ADS (A) Inhibit Switch ARI (A) Manual Initiation Switch

HPCF (B) Initiation Switch ADS (B) Inhibit Switch ARI (B) Manual Initiation Switchg
e,
5- HPCF (C) Initiation Switch RHR (A) Standby Mode Switch Recirculation Runback initiation Switch (A) g

k RHR (A) Initiation Switch RHR (B) Standby Mode Switch Recirculation Runback initiation Switch (B) h
RHR (B) Initiation Switch RHR (C) Standby Mode Switch RIP Start /Stop Control Switch (10) .

O
s RHR (C) Initiation Switch Main Steam Isolation Valve ARI (A) Logic Reset Switch it

;P Control Switch (8) $
b k

O O O
. .
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)

p Table 2.7.1a Main Control Room Panels Fixed Position Alarms, Displays and Controls (Continued) b
s- m
g A. Fixed Position Controls (Continued) g
{ ARI (B) Logic Roset Switch RHR (A) Suppression Pool Cooling Mode Div. II ADS Manual ADS Channel 2 Initiation %,

Initiation Switch Switchg
3 CRD Charging Water Pressure Low Scram RHR (B) Suppression Pool Cooling Mode RCIC Div. I Isolation Logic Reset Switch
| Bypass Switch (A) Initirc. ion Switch
a
" CRD Charging Water Pressure Low Scram RHR (C) Suppression Pool Cooling Mode RCIC Div. Ilisolation Logic Reset Switch

Bypass Switch (B) Initiation Switch

CRD Charging Water Pressure Low Scram RHR (B) Drywell Spray Mode RCIC Inboard Isolation Control Switch
Bypass Switch (C) Initiation Switch

CRD Charging Water Pressure Low Scram RHR (C) Drywell Spray Mode RCIC Outboard Isolation Control Switch
Bypass Switch (D) Initiation Switch

Manual Scram Reset Switch SGTS (A) initiation Switch Fire Protection System Motor Pump Control
Switch y

$RPS Div. I Trip Reset Switch SGTS (B) initiation Switch Fire Protection System Diesel Pump Control g
Switch y

RPS Div.11 Trip Reset Switch Div. I Manual ADS Channel 1 FCS (A) Control Switch
*Initiation Switch

RPS Div. ||1 Trip Reset Switch Div. I Manual ADS Channel 2 FCS (B) Control Switch
initiation Switch

RPS Div. IV Trip Reset Switch Div. Il Manual ADS Channel 1
initiation Switch

@
B.
@
S
a
T
it
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| M Table 2.7.1a Main Control Room Panels Fixed Position Alarms, Displays and Controls (Continued) b
I D

B. Fixed Position Displays

RPV Water Level RCIC Flow SRV Positions '

RCIC Turbine Speed RCIC Injection Valve Status Suppression Pool Level

Wetwell Pressure HPCF (B) Injection Valve Status Main Steamline Flow

Suppression Pool Bulk Average HPCF (C) Injection valve status SLC Boron Tank Water Level
Temperature

HPCF (B) Flow RHR (A) Flow Recirculation Pump Speeds

HPCF (C) Flow RHR (A) Injection Valve Status Average Drywell Temperature
,

'

RPV Pressure RHR (B) Flow Wetwell Hydrogen Concentration Level

Drywell Pressure RHR (B) Injection Valve Status Drywell Hydrogen Concentration Level

Reactor Power Level, RHR (C) Flow Drywell Oxygen Concentration g
(Neutron Flux, APRM) E

| Reactor Power Level (SRNM) RHR (C) injection Valve Status Wetwell Oxygen Concentration k
Reactor Thermal Power Emergency Diesel Generator (A) FCS (A) Operating Status k

Operating Status 4

MSIV Position Status (inboard And Emergency Diesel Generator (B) FCS (B) Operating Stctus
Outboard Valves) Operating Status

Reactor Mode Switch Mode Indications Emergency Diesel Generator (C) Main Stack Radiation Level
Operating Status

Main Steamline Radiation Primary Containment Water Level Time

Scram Solenoid Lights (8) Status Condensate Storage Tank Water Level Drywell Radiation Level

k Manual Scram Switch (A) indicating SLC Pump (A) Discharge Pressure Wetwell Radiation Level k
$ Light Status @
8 m-

g Manual Scram Switch (B) Indicating SLC Pump (B) Discharge Pressure y
s Light Status J.
8

ha RPV isolation Status Display Main Condenser Pressure
2 &
8 n.
w 9

O O O
_-
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{ Table 2.7.1a Main Control Room Panels Fixed Position Alarms, Displays and Controls (Continued) b
tg

? C. Fixed Position Alarms * g
! Indicated RPV Water Level Abnormal RPV Water Level Low (ECCS Initiatiori) CAMS HgO Level High2a

j RPV Water Level Low (Scram Level) Control Rod Not inserted To/Beyond MSBWP CAMS (A) System Abnormal

{ RPV Pressure High RPV Water Level High CAMS (B) System Abnormal

E Drywell Pressure High Fire Protection System Status Reactor Building AP Low

Neutron Flux High-High ADS (A) Logic initiated Area Temperature High

Neutron Monitoring System inoperative ADS (B) Logic Initiated Area HVAC AT High

MSIV Closure SRV Open R/B HVAC Exhaust Radiation High

CRD Charging Water Pressure Low Main Steam Line Flow High Reactor Building Area Radiation High

Rapid Core Flow Decrease HPIN (A) System Status Reactor Building Floor Drain Sump Water
Level High-High ,

Main Turbine Trip HPIN (B) System Status R/B HVAC System Status

Main Generator Trip Leak Detection isolation Stack Radioactivity High

Main Steam Line Radiation High RWCU System Status RCW Radioactivity High [

Reactor Scram Reactor Period Shcrt Radwaste Effluent Radioactivity High

RPV Low Level isolation incomplete (Scram ADS Div. I Inhibited / Auto Out Of Service Torbine Building Ventilation System (TBVS)
Water Level) Status

RPV Low Level isolation incomplete (ATWS ADS Div. Ilinhibited/ Auto Out Of Service Radiation Monitor High
Scram Level)

RPV Low Level /Drywell Pressure High Suppression Pool Bulk Average Temperature RCIC System Status
isolation incomplete High

RPV Water Level Low (ATWS Scram Level) Drywell Average Temperature High HPCF (B) System Status

RPV Water Level Low (HPCF Initiation Level) Suppression Pool Water Level High/ Low HPCF |C) System Status @
01

T
* Functional Definitions it:

9 %
N 3
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M Table 2.7.1b Main Control Room Panels b
g - CII

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. Equipment comprising the MCRP, as 1. Inspections of the as-built system will be 1. The as-built MCRP conforms with the
defined in Section 2.7.1, is available in the conducted. description in Section 2.7.1.
MCR.

2. Non-Class 1E and divisional Cisss 1E 2. 2.

control and instrument power is provided Tests will be conducted on the MCRP a. The test signal exists only in Class 1Ea.
for the MCRP. In the MCRP, indepgdence by providing a test signal to only one division under test in the MCRP.
is provided between Class 1E d, visa.ns, Class 1E division at a time.i

and between Class 1E d, visions and non-i

Class 1E equipment. b. Inspections of the as-built Class 1E b. In the MCRP, physical separation or
divisions in the MCRP will be electrical isolation exists between
conducted. Class 1E divisions. Physical %

separation or electrical isolation exists E

between these Class 1E divisions and E
non-Class 1E equipment.

N
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2.7.2 Radioactive Waste Control Panels

No entry. Covered in Section 2.9.1.

,

w

,

%

Radioactive Waste Control Panels 2.7.2-1/2
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2.7.3 Local Control Panels !

Design Description .

The Local Control Panels (LCP) consist of saferprelated and non-safetprelated local
panels, control boxes, instrument racks and their respective internal wiring. LCPs
function as protective housings and support structures for electrical and electronic

'

equipment and facilitate local control operation.

LCPs that support safetprelated equipment are classified as safetprelated and Seismic
Category I. Safetprelated LCPs ar e located in Seismic Category I structures and in their
divisional areas. i

<

Safetprelated LCPs are powered from their respective Class 1E divisions. Independence
is provided between Class IE divisions, and also between Class IE divisions and non-
Class 1E equipment.

LCPs which are located in areas designated as harsh emironment areas are qualified for
'

harsh emironments.
<

inspections, Tests, Analyses and Acceptance Criteria

Table 2.7.3 provides a definition of the inspections, tests. and/or analyses, together with
associated acceptance criteria, which will be undertaken for the LCP.

t

.

Local Control Panels 2.7.31

:
,
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4 Table 2.7.3 Local Control Panels b
03|

'd

"
Inspections, Tests, Analyses and Acceptance Criteria )

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the LCPs is 1. Inspections of the as-built system will be 1. The as-built LCPs conform with the basic
described in Section 2.7.3. conducted. configuration described in Section 2.7.3.

2. Safety-related LCPs are powered from 2. 2.
their respective Class 1E divisions.

, a. Tests will be conducted in the LCPs by a. A test signal exists in only the Class
independence is provided between Class providing a test signal to only one 1E division under test in the LCPs.
1E divisions and between Class 1E

, Class 1E division at a time.
divisions and non-Class 1E equipment.

b. Inspections of the as-built Class 1E b. In the LCPs, physical separation or
, divisions in the LCPs will be electrical isolation exists between as-
| conducted. built Class 1E divisions. Physical

|
separation or electrical 3 solation exists
between these Class 1E divisions and
non-Class 1E equipmer t. y

b
;
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2.7.4 Instrument Racks

No entry. Covered in Section 2.7.3.

1

i
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2.7.5 Multiplexing System

Design Description

The Multiplexing System consists of the essential multiplexing system (bis) and the
non-essential multiplexing system (NBiS).

Essential Multiplexing System
The EMS provides distributed data acquisition and control networks that support the
control and monitoring of the plant protection and safety systems. The bis comprises
electrical devices and circuitry, including remote multiplexing units (EfUs), ,

transmission lines, and control room multiplexing units (CMUs) that acquire data from
remote process sensors and discrete devices located within the plant, and then
multiplex the data ta Safety System Logic and Control (SSLC) equipment in the main
control room area. SSLC opentes on the input signals according to the required system
logic functions, and transmits multiplexed control signals to RMUs outside of the main
control room. The RMUs distribute the signals to the final actuators of the supported
systems' driven equipment. In addition to SSLC, the EMS also supports the data
acquisition and transmission of other safety-related signals used for display and

C recording.
(

The EMS is classified as a Class IE safety-related system. ,

There are four divisions of BfS equipment, with no direct interconnections among
divisions. Each division of equipment has independent control of data acquisition and
multiplexing. System timing is asynchronous among the four divisions, so that timing
and clock signals in any one dhision only influence data transmission functions within
that division. EMS uses a deterministic communications protocol; Le., sensor signals
and control data are guaranteed network access on an equal basis without interference ;

from other signals or network traffic.

Class IE analog and discrete sensors of the plant safety systems are connected to RMUs
outside the main control room. These RMUs perform signal conditioning, analog-to- |
digital conversion for continuous process inputs, change-of-state detection for discrete
inputs, and data message formatting prior to signal transmission.The RMUs are limited
to acquisition of sensor data and the output of control signals. Trip decisions and other ;

control logic functions are performed in SSLC processors in the main control room |

area. The RMUs transmit serial, time-multiplexed data streams representing the identity
and status of the plant variables to the CMUs. Each division of bis has two transmission
lines interconnecting the Ef Us and CMUs of that division.

The CMUs demultiplex the data and condition the signals for use in either the
' controllers of SSLC or in monitoring systems. After the input data is processed in SSLC,

the resulting trip logic decisions are transmitted (for engineered safety features (ESF)

Multiplexing System 2.7.5- 1
I

i

|
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functions only) as a serial, time-multiplexed data stream to the CMUs, which acquire the
data and transmit it via BIS to RMUs in the local areas, where the digital data is

converted to signals for actuation of control devices.

Data communications from dis to non-safety-related systems or devices for control or
display purposes use an isolating transmission medium and buffering devices. Data
cannot be transmitted from the non-safety-related side to BIS.

The dis features automatic self-test and automatically reconfigures after detecting

failure of one channel (either a cable break or device failure) within a dhision. The
system returns to normal operation after reconfiguration with no interruption of data
communication. If an RMU or CMU fails, that unit is automatically removed from
senice. Self-test runs continuously and faults are indicated in the main control room.
Loss of data communications in a division of BIS does not cause transient or erroneous
data to occur at system outputs.

,

Each of the four EMS dhisions is powered from its respective division's Class IE DC
dhision. Independence is provided between Class IE divisions, and also between Class
1E dhisions and non-Class IE equipment.

The EMS is located in the Reactor Building and the Control Building.

dis has the following alarms and displays in the main control room:

(1) Inoperative indication for each RMU and CMU.

(2) Channel availability (Channel 1 or 2) for each EMS dhision.

(3) Display and control of data transmission parameters and off-line self-test
functions.

Non-Essential Multiplexing System

The NEMS provides data comrnunications for non-safety-related plant functions. NEMS
acquires non-safety-related data from process sensors and discrete devices located
throughout the plant and transmits these signals to the non-safety-related control :

systems for control function processing. Equipment status data is transmitted to ;
'

operator control panels for monitoring alarm annunciation and to the plant computer
systems for data recording and displays. The NDIS also transmits processed, non-safety- i

related, control signals to actuator circuits to activate valves, motor drives, ala Tns,
monitors and indicators of the interfacing systems. The electrical devices of the NEMS
consist of remote multiplexing units (RMUs), transmission lines, and control room
multiplexing units (CMUs).

NEMS is redundant to the same number of channels as the supported systems that

require multiplexing. Thus, a portion of NEMS is dual redundant if a supported system

21S-2 Multiplexing System
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is dual redundant, but is triply redundant if a supported system has that level of .

redundancy.
,

The NEMS is classified as non-safety-related, and is powered from non-Class IE UPS.

Inspections, Tests, Analyses and Acceptance Criteria |

Table 2.7.5 provides . Afinidon of the visual inspections, tests and analyses, together
with associated acceptanct criteria, which will be undertaken for the EMS and hMIS.

i

!

!

;
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|
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i
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% Table 2.7.5 Essential Multiplexing System b
I M

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

| 1. The equipment comprising the 1. Inspection of the as-built EMS and NEMS 1. The as-built EMS and NEMS conform with
Multiplexing System is defined in Section will be conducted. the description in Section 2.7.5.
2.7.5.

2. EMS uses a deterministic 2. Tests of the EMS communications 2. EMS uses a deterministic
communications protocol. protocol will be conducted in a test communications protocol.

facility.

3. Data communications from EMS to non- 3. Tests on the EMS data communications 3. EMS communications only permits data
safety-related systems or devices uses an will be conducted in a test facility. transfer from the EMS to the non-safety-
isolating transmission medium and related systems or devices. Control or
buffering devices. Data cannot be timing signals are not exchanged
transmitted from the non-safety-related between EMS and non-safety-related
side to EMS. systems or devices. N

$
4. The EMS features automatic self-test and 4. Tests will be conducted on each as-built 4. There is no loss of EMS data f

automatically reconfigures after EMS division by individually simulating communication as a result of the fault. s
detecting failure of one channel (either a the following, while simultaneously Fault occurrence is displayed in the main R

cable break or device failure) within a transmitting and monitoring test data control room. N

division. Tho system returns to normal streams:
operation after reconfiguration with n a. Single cable break.
mterruption of data communication.

b. Loss of one RMU.

c. Loss of one CMU.

5. Loss of data communications in a division 5. Tests will be performed in one division of 5. Data communication is lost without
of EMS does not cause transient or EMS at a time.While simulated input generation of transient or erroneous
erroneous data to occur at system signals are being transmitted cable signals. p
outputs. segments in redundant paths will be B

gg disconnected and EMS outputs {
E monitored. e
1 0|

|- T
a,-
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p Table 2.7.5 Essential Multiplexing System (Continued) b
a tg
} inspections, Tests, Analyses and Acceptance Criteria

f Design Commitment inspections, Tests, Analyses Acceptance Criteria %

f 6. Each of four EMS divisions is powered 6. 6.

3 from its respective division's Class 1E DC
, a. Tests will be performed on EMS by a. The test signal exists only in the Class

division. In the EMS, independence is providing a test signal in only one 1E division under test in the EMS.
provided between Class 1E divisions, and Class 1E division at a time.
between Class 1E divisions and non-Class
1E equipment. b. Inspection of the as-installed Class 1E b. In the EMS, physical separation or

divisions in the EMS will be electrical isolation exists between
performed. Class 1E divisions. Physical

separation or electrical isolation exists
between these Class 1E divisions and
non-Class 1E equipment.

7. Main control room alarms and displays 7. Inspections will be performed on the main 7. Alarms and displays exist or can be
provided for the EMS are as defined in control room alarms and displays for the retrieved in the main control room as y

gSection 2.7.5. EMS. defined in Section 2.7.5.

s
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2.7.6 Local Control Boxes

No entn. Covered in Section 2.7.3. ;

,
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2.8.1 Nuclear Fuel

Design Description

| The fuel assembly is designed to ensure that possible fuel damage would not result in

| the release of radioactive materials in excess oflimits prescribed by 10CFR20,50 and

| 100. The fuel assembly is comprised of the fuel bundle, channel and channel fastener.
The fuel bundle is comprised of fuel rods, water rods, fuel rods containing burnable
neutron absorber, spacers, springs and assembly end fittings.

The following is a summary of the principal design requirements which must be met by
the fuel and is evaluated using methods and criteria to assure that:

| (1) Fuel rod failure is predicted not occur as a result of normal operation and
anticipated operational occurrences.

(2) Control rod insertion will not be prevented as a result of normal operation,
!anticipated operational occurrences or postulated accident.

I

| (3) The number of fuel rod failures will not be underestimated for postulated
accidents.

(4) Coolability will be maintained for all design basis events, including seismic and
LOCA events.

(5) Specified acceptable fuel design limits (thermal and mechanical design limits)
w;11 not be exceeded during any condition of normal operation, including the

effects of anticipated operational occurrences.

(6) In the power operating ranges, the prompt inherent nuclear feedback
characteristics will tend to compensate for a rapid increase in reactivity.

(7) The reactor core and associated coolant, control and protection systems will
be designed to assure that power oscillations which can result in conditions
eneeding specified acceptable fuel design limits are not possible or can be
reliably and readily detected and suppressed.

Nuclear Fuel 2.8.1-1/2
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2.8.2 Fuel Channel ,

Design Description
r

The fuel channels are zirconium-based (or equivalent) and preclude cross-flowin the
core region. These channels form the flow path for bundle coolant flow, provide

'

surfaces for control rod guidance, provide structural stiffness to the bundle during
lateral loadings, transmit seismic loadings to the top guide and fuel support castings,
and provide a heat sink during loss-of<oolant accident (LOCA).

The following is a summary of the principal design criteria which are met by the fuel
,

channels: i

(1) During any design basis events including the mechanical loading from safe [

shutdown earthquake event combined with LOCA event, fuel channel
damage will not be so severe as to prevent control rod insertion when it is
required.

'

(2) Coolability will be maintained for all design basis events.
;

O (3) Channel bowing will not cause specified acceptable fuel design limits to be
exceeded during normal operation and anticipated operational occurrences.

,

,

6

%

Fuel Channel 2.8.2-1/2
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2.8.3 Control Rod

Design Description
f

Control rods in the reactor perform dual functions of power distribution shaping,
reacthity control, and scram reactivity insertion for safety shutdown response and have -

the following design features:

(1) A cruciform cross-sectional envelope shape.

(2) A coupling at the bottom for attachment to the control rod drive.

(3) Contain neutron absorbing materials.

The following is a summary of the principal design criteria which are met by the control
rod:

(1) The control rod stresses, strains, and cumulative fatigue will be evaluated to
not exceed the ultimate stress or strain of the material.

e (2) The control rod will be evaluated to be capable ofinsertion into the core

( during design basis modes of operation including safe shutdown earthquake
event combined with LOCA event.

(3) The material of the control rod will be compatible with the reactor
emironment.

(4) The reactivity worth of the control rod will be included in the plant cc re
analyses, and will provide, under conditions of normal operation (including
anticipated operational occurrences), appropriate margin for malfunctions

| such as two stuck rods, or accidental control rod withdrawal, without i

exceeding specified acceptable fuel design limits. ,

|

|

!

!

.

Control Rod 213-1/2
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2.8.4 Loose Parts Monitoring System ;

Design Description -

r

The Loose Parts Monitoring System (LPMS) monitors the reactor pressure vessel (RPV)
ifor indications ofloose metallic parts within the reactor pressure vessel. The LPMS

detects structure borne sound that can indicate the presence ofloose parts impacting
against the reactor pressure vessel and internals. The system alarms when sensor signal
characteristics exceeds preset limits.

The LPMS consists of sensors, cables, signal conditioning equipment, alanning
monitors, signal analysis and data acquisition equipment. The LPMS processes signals
from multiple sensors mounted on the external surfaces of the reactor coolant pressure
boundary. The LPMS is classified as non-safety-related.

.

The LPMS has provisions for both automatic and manual startup of data acquistion
equipment with automatic activation in the event the preset alert level is reached or
exceeded. The system also initiates an alarm in the main control room when an alert
condition is reached.

( The ITMS electronic component located inside the primary containment perform
\ 'their function following all seismic event which do not require plant shutdown.

Inspections, Tests, Analyses and Acceptance Criteria -

Tables 2.8.4 provides a definition of the inspections, tests and/or analyses, together with
asso,iated acceptance criteria, which will be undertaken for LPMS.

1

Loose Parts Monitoring System 2.8.4- 1



$ Table 2.8.4 Loose Parts Monitoring System b
E. W

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Ana'yses Acceptance Criteria

1. Equipment comprising the LPMS is 1. Inspection of the as-built system will be 1. The as-built LPMS conforms with the
defined in Section 2.8.4. conducted. description in Section 2.8.4.

2. The LPMS monitors the RPV for indication 2. Tests will be conducted on the as-built 2. The LPMS sensitivity, without the
of loose metallic parts. LPMS. background noise associated with plant

operation, is such that it can detect a
metallic loose part that weighs from 0.11
kg to 13.6 kg and impacts with a
maximum kinetic energy of 0.68 joules on
the inside surface of the RPV within 0.91m
of a sensor.

3. Main control room alarms provided for 3. Inspections will be performed on the main 3. Alarms exist or can be retrieved in the
the LPMS are defined in Section 2.8.4. control room alarms for the LPMS. main control room as defined in Section "

52.8.4.
E

4. The LPMS electronic components located 4. Analyses will be performed or tests will 4. An analysis or test report exists which ;
inside the primary containment perform be conducted on the seismic capability of concludes that the LPMS electronic ;!

their function following all seismic events the LPMS electronic components located components located inside the primary 4

which do not require plant shutdown. In the primary containment. containment perform their function
following all seismic events which do not
require plant shutdown.
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2.9.1 Radwaste System

Design Description

The Radwaste (RW) System consists of a liquid waste system and a solid waste system.

The liquid waste system includes primag containment penetrations, and inboard and
'

outboard motor-operated isolation valves for the high conductivity and low conducthity
waste drains from the lower drywell. The liquid waste system collects, treats, monitors,
and either recycles treated radioactive liquid wastes within the plant or discharges them
to the emirons. The solid waste system sorts, processes, monitors and packages

processed solid radwastes for shipment to an offsite disposal facility.
,

The RW System is classified as non-safety-related with the exception of the primary
containment isolation function.

The primag containment penetrations and isolation vahes are classified as Seismic
Categog I and ASME Code Class 2. The back flow check valves in the emergency core
cooling system (ECCS) equipment room sumps are classified as Seismic Category I.

The RW System processing equipment is located in the Radwaste Building.

The inboard containment isolation valves are powered from Class IE Division II, and
the outboard isolation valves are powered from Class IE Division I. In the RW System,
independence is provided between Class 1E divisions, and also between the Class IE
divisions and non-Class lE equipment.

The main control room has control and open/close status indications for the prim: z
containment isolation valves.

The safety-related electrical equipment that provides containment isolation, located in
the primary containment and the Reactor Building,is qualified for a harsh
emironment.

The primary containment isolation motor-operated valves (MOVs) have active safety-
related function to close and perfonn these functions under differential pressure, fluid
flow, and temperature conditions.

The liquid waste system has one discharge line which has a radiation monitor. Discharge
flow is terminated on receipt of a high radiation signal from this monitor.

'

The radioactise floor drain collection system in each dhisional area of the ECCS pump
rooms and the Control Building are physically separated from drains in the other
divisions. Figures 2.9.la and 2.9.lb show the basic system configuration and scope.

Radweste System 2.9.11

,
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Inspections, Tests, Analyses and Acceptance Criteria

,

Table 2.9.1 provides a definition of the inspections, tests, and/or analyses, together with
associated acceptance criteria, which will be undertaken for the Radwaste System.

O

I

O'
2.9.1-2 Radwaste System



<

25AS447 Rev. 2

ABWR certisedoesiga meeriat i

;

('
s

b

|

:

,

DIVISION A DIVISION B DIVISION C
ROOMS WITH ROOMS WITH ROOMS WITH

FLOOR DRAINS FLOOR DRAINS FLOOR DRAINS

!

V V V

DIVISION A DIVISION B DIVISION C
SUMP SUMP SUMP

# AND PUMP AND PUMP AND PUMP
j

_

CONTROL BUILDING

NOTES:
1. THE SYSTEM HAS NO VALVES, PUMPS, OR OTHER

ACTIVE COMPCNENTS IN THE DRAINAGE PATHS.

!

I|

(s
Figure 2.9.1a Radioactive Floor Drain Collection System

Radwaste System 2.9.13
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DIVISION A DIVISION B DIVISION C
ECCS PUMP ECCS PUMP ECCS PUMP

ROOMS ROOMS ROOMS

V V V

DIVISION A I)lVISION B DIVISION C
SUMP SUMP SUMP

AND PUMPS AND PUMPS AND PUMPS

SECONDARY CONTAINMENT-ECCS AREAS

~

O
DIVISION A NON-DIVISIONAL DIVISION B DIVISION C

ROOMS WITH ROOMS WITH ROOMS WITH ROOMS WITH

FLOOR DRAINS FLOOR DRAINS FLOOR DRAINS FLOOR DRAINS

V V V V

SUMP SUMP
AND PUMPS AND PUMPS

SECONDARY CONTAINMENT - OTHER AREAS

NOTES:
1. THE SYSTEM HAS NO VALVES. PUMPS, OR OTHER

ACTIVE COMPONENTS IN THE DRAINAGE PATHS.

O
Figure 2.9.1b Radioactive Floor Drain Collection System

2.9.1-4 Radwsste System
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( Table 2.9.1 Radwaste System b
:E CO

| Inspections, Tests, Analyses and Acceptance Criteria

{ Design Commitment inspections, Tests, Analyses Acceptance Criteria

3 1. The basic configuration for the RW 1. Inspection of the as-built system will be 1. The as-built RW System conforms with
System is described in Section 2.9.1. conducted. the basic configuration described in

Section 2.9.1.

2. The ASME Code components of the RW 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
System retain their pressure boundary those Code components of tha RW ASME Code components of the RW
integrity under internal pressures that will System required to be hydrostatically System conform with the requirements in
be experienced during service. tested by the ASME Code. the ASME Code, Section Ill.

3. The inboard containment isolation valves 3. 3.
are powered from Class 1E Division ll, and

a. Tests will be performed on the RW a. The test signal exists only in the Classthe outboard isolation valves are powered System by providing a test signal in 1E division under test in the RW
nly ne ss sion at a Ome. System.Sys e ndep d nce is provi e g

between Class 1E divisions and non-Class b. Inspection of the as-installed Class 1E b. In the RW System, physical separation b

f1E equipment. divisions in the RW System will be or electrical isolation exists between
performed. Class 1E divisions Physical y

separation or electrical isolation exists 5
"

between these Class 1E divisions and
non-Class 1E equipment.

4. Main control room displays and controls 4. Inspections will be performed on the rnain 4. Displays and controls exist or can be
provided for the RW System are as control room displays and controls for the retrieved in the main control room as
defined in Section 2.9.1. RW System. defined in Section 2.9.1.

5. MOVs designated in Section 2.9.1 as 5. Tests of installed valves for closing will be 5. Upon receipt of the actuating signal, each
having an active safety-related function conducted under preoperational MOV closes.
close under differential pressure, fluid differential pressure, fluid flow, and

nflow, and temperature conditions. temperature conditions. g
6. The liquid waste system has one 6. Tests will be conducted on the as-built 6. The discharge flow terminates upon {

discharge line which has a radiation liquid waste system using a simulated receipt of a simulated high radiation p
monitor. Discharge flow is terminated on high radiation signal. signal. g.
receipt of a high radiation signal from this =

fmonitor.g
* a
th k

- _ _ _ ._



g Table 2.9.1 Radwaste System (Continued) b*

4 {|Q
Inspections, Tests, Analyses and Acceptance Criteria g*

Design Commitment inspections, Tests, Analyses Acceptance Criteria %

7. The radioactive floor drain collection 7. Tests will be conducted on the as-built 7. No interconnection exist (i.e. no water
system in each divisional area of the system by individually pressuring each leakage in to other divisions not being
ECCS pump rooms and the Control divisional area drains with water and tested).
Building are physically separated from observing other divisional area drains for
drains in the other divisions. interdivisionalleakage.
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2.10.1 Turbine Main Steam System i

Design Description

The Turbine Main Steam (MS) System, as shown in Figure 2.10.1, supplies stearn !

generated in the reactor to the turbine, steam auxiliaries and turbine bypass nives. The
MS boundaries are shown in Figure 2.10.1. The MS System does not include the seismic
interface restraint nor main turbine stop or bypass valves.

The MS System:

(1) Accommodates operational stresses such as internal pressure and dynamic
loads without failures.

(2) Prosides a seismically analyzed fission product leakage path to the main !

condenser. |

(3) Has suitable access to permit in-senice testing and inspections.
i

(4) Closes the steam auxiliary (SA) valve (s) on a main steam isolation ulve i

[^ (MSIV) isolation signal. These valves fail closed on loss of electrical power to l

the valve actuating solenoid or on loss of pneumatic pressure. i

The MS System main steam piping consists of four lines from the seismic interface j
restraint to the main turbine stop valves. The header arrangement upstream of the j

turbine stop valves allows the valves to be tested on-line and also supplies steam to the j

power cycle auxiliaries.

The MS System is classified as non-safety-related. However, the MS System is analyzed,

fabricated and examined to ASME Code Class 2 requirements, classified a: non-Seismic
Category I, and subject to pertinent QA requirements of Appendix B,10CFR Part 50. i

Insenice inspection shall be performed in accordance with ASME Section XI
requirements for Code Class 2 piping. ASME authorized nuclear inspector and ASME
Code stamping is not required. !

MS piping, including the steam auxilia!T valve (s), from the seismic interface restraint to
the main stop and main turbine bypass valves is analyzed to demonstrate structural I

integrity under safe shutdown earthquake (SSE) loading conditions. |

The MS System is located in the steam tunnel and Turbine Building.

b

Turbine Main Steam System 2.10.1-1
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Inspections, Tests, Analyses and Acceptance Criteria

Table 2.10.1 provides a definition of the inspections, tests, and/or analyses, together |
with associated acceptance criteria, which will be undertaken for the MS System. |

t
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2.10.1-2 Turbine Main Steam System

|
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U
Figure 2.10.1 Turbine Main Steam System

Turbine Main Steam System 2.10.1-3



U Table 2.10.1 Main Steam System b
S D
A Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment Inspections, Tests. Analyses Acceptance Criteria

1. The basic configuration of the MS System 1. Inspections of the as-built system will be 1. The as-built MS System conforms with
is as shown on Figure 2.10.1. conducted. the basic configuration shown in Figure

2.10.1.

2. The ASME Code components of the MS 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
System retain their pressure boundary those Code components of the MS ASME Code components of the MS
Integrity under internal pressures that will System required to be hydrostatically System conform with the requirements in
be experienced during service. tested by the ASME Code. the ASME Code, Section 111.

3. Upon receipt of an MSIV closure signal, 3. Using simulated MSIV closure signals 3. The SA valve (s) close(s) following receipt
the SA valve (s) close(s). tests will be performed on the SA valves, of a simulated MSIV closuro signal.

4 The SA valve (s) fa!!(s) closed on loss of 4. Test will be performed on SA valves. 4. The SA valve (s) close(s) on loss of
electrical power to the valve actuating electrical power to the valve actuating y
solenoid or on loss of pneumatic solenoid or on loss of pneumatic y
pressure. The pneumatically operated SA pressure. {
valve (s) close(s) when either electrical ;
power to the valve actuating solenoid is 2

ulost or pneumatic pressure to the valve (s)
is lost.

5. MS piping, including the SA valve (s) from 5. A seismic analysis of the as-built MS 5. An analysis report exists which concludes
the seismic interface restraint to the main piping and SA valve (s) will be performed. that the as-built MS piping and SA
stop and main turbine bypass valves are valve (s) can withstand a SSE without loss
analyzed to demonstrate structural of structuralintegrity.
integrity under SSE loading condition...
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2.10.2 Condensate Feedwater and Condensate Air Extraction System

The Condensate Feedwater and Condensate Air Extraction (CFCAE) System consists of
two subsystems: the Condensate and Feedwater System (CFS) and the Main Condenser >

Encuation System (MCES).

Design Description

Condensate and Feedwater System
The function of the CFS is to receive condensate from the condenser hotwells, supply
condensate to the Condensate Purification System, and deliver feedwater to the reactor.
Condensate is pumped from the main condenser hotwell by the condensate pumps,
passes through the low pressure feedwater heaters to the feedwater pumps, and then is
pumped through the high pressure heaters to the reactor. Figure 2.10.2a shows the
basic system configuration. The CFS boundaries extend from the main condenser
outlet to (but not including) the scismic interface restraint outside the containment. '

The CFS is classified as non-safety-related.

The CFS is controlled by signals from the Feedwater Control System.

O' The CFS is located in the steam runnel and Turbine Building.

The CFS has parameter displays for the instruments shown on Figure 2.10.2a in the
main control room.

Main Condenser Evacuation Systern

The MCES removes the hydrogen and oxygen produced by the radiolysis ofwater in the
reactor, and other power cycle noncondensable gases. The system exhausts the gases to
the Off-Gas System during plant operation, and to the Turbine Building compartment
exhaust system at the beginning of each startup. The MCES consists of redundant steam
jet air ejector (SJAE) units for power plant operation, and a mechanical vacuum pump

'for use during startup. Figure 2.10.2b shows the basic system configuration.

The MCES is classified as nonsafety-related.

The MCES is located in the Turbine Building.
,

Steam supply to the SJAE provides dilution of the hydrogen and prevents the offgas
from reaching the flammable limit of hydrogen. When the steam flow drops below the
setpoint for stream dilution, the Off-Gas System is isolated.

.

The ncuum pump is tripped and its discharge valve is closed upon receiving a main

( steamline high radiation signal.

.

Condensate Feedwater and Condensate Air Extraction System 2.10.2-1
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The MCES has the following displays in the main control room:

(1) Parameter displays for the instruments shown on Figure 2.10.2b.

(2) Status indication for the vacuum pump and SJAE discharge valves.

Inspections, Tests, Analyses and Acceptance Criteria

Tables 2.10.2a and 2.10.2b provide a definition of the inspections, tests, and/or
analyses, together with associated acceptance criteria, which will be undertaken for the
CFCAE System, respectively.

O

O
2.1022 Condensate Feedwater and Condensate Air Extraction System
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y Table 2.10.2a Condensate and Feedwater System b
& W
g Inspections, Tests, Analyses and Acceptance Criteria $

Design Commitment inspections, Tests, Analyses Acceptance Criteria,,

h 1. The basic configuration of the CFS is as 1. Inspections of the as-built CFS will be 1. The as-built CFS conforms with the basic

j shown on Figure 2.10.2a. conducted. configuration shown in Figure 2.10.2a.

R 2. The CFS is controlled by signals from the 2. Tests of the as-built CFS will be conducted 2. The CFS starts and operates in response

h Feedwater Control System. using simulated input signals. to the simulated signals.

$ 3. Main control room displays provided for 3. Inspections will be performed on the main 3. Displays exist or can be retrieved in the
j the CFS are as defined in Section 2.10.2. control room displays for the CFS. main control room as defined in Section
E 2.10.2.
N
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U Table 2.10.2b Main Condenser Evacuation System b
C D3
6 Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests Analyses Acceptance Criteria

1. The basic configuration of the MCES is as 1. Inspections of the as-built MCES will be 1. The as-built MCES conforms with the
shown on Figure 2.10.2b. conducted. basic configuration shown in Figure

2.10.2b.

2. When the steam flow drops below the 2. Tests will be conducted on the as-built 2. The SJAE discharge valves close on
setpoint for steam dilution, the Off-Gas MCES using simulated signals for steam receipt of a simulated low flow signal.
System is isolated. flow.

3. Il . acuum pump is tripped and its 3. Tests will be conducted on the as-built 3. The vacuum pump trips and the discharge
discharge valve is closed upon receiving a MCES using simulated signals for valve closes upon receipt of a simulated

'main steamline high radiation signal. radiation in the main steamlines. high radiation signal.

4. Main control room displays provided for 4 Inspections will be performed on the main 4 Displays exist or can be retrieved in the
the MCES are as defined in Section 2.10.2. control room displays for the MCES. main control room as defined in Section y

2.10.2. 9
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2.10.3 Heater Drain and Vent System

No entry for this system.

,

1

|

d

Hester Drain and Vent System 2.10.3-1,2

i
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2.10.4 Condensate Purification System

Design Description |

The Condensate Purification System (CPS) purifies and treats the condensate, using
filtration to remove insoluble solids, and ion exchange demineralizer to remove soluble
solids. The CPS consists of full flow high efficiency particulate filters followed by full

,

flow deep bed demineralizers. Figure 2.10.4 shows the basic system configurrion.

The CPS is classified as nonsafety-related.

The CPS is located in the Turbine Building.

The CPS has alanns and display for effluent conducthity in the main control room.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.10.4 prmides a defimition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the CPS. <

'
m

s

!

Condensate Purification System 2.10.4-1
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9 Table 2.10.4 Condensate Purification System b
E III

Inspections, Tests, Analyses and Acceptance Criteria

y Design Commitment inspections, Tests, Analyses Acceptance Criteria

h 1. The basic configuration of the CPS is as 1. Inspections of the as-built System will be 1. The as-built CPS conforms with the basic
g, shown on Figure 2.10.4. conducted. configuration shown in Figure 2.10.4.

$ 2. Main control room alarm and display 2. Inspections will be performed on the main 2. Alarm and display exist or can be
j provided for the CPS are as defined in control room alarm and display for the retrieved in the main control room as
3 Section 2.10.4. CPS. defined in Section 2.10.4.

M
i

*
, $

;;'

2
%

(

l

&
a
&
t:3
a
$'

~
N 5

w
O D.
a E

_ ,-. .- - - .



. ... .-.

25AS447 Rev. 2

ABWR certisedDesign uateriai

2.10.5 Condensate Filter Facility

No entry. Covered in Section 2.10.4.
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Condensate Filter Facility g,go 5.g72
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2.10.6 Condensate Demineralizer
I

'l
No entry. Covered in Section 2.10.4.
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2.10.7 Main Turbine ,

Design Description
i

The Main Turbine (MT) uses the energyin steam from the reactor to drive the plant
,

generator.

The other major turbine components are: i

f

(1) A high pressure section.

(2) An intermediate section (between HP and LP sections).

(3) Low pressure sections.
.

|

The major fluid system boundarics are:

(1) Turbine Main Steam 2.10.1.

(2) Main Condenser 2.10.21. |
,

(3) Turbine Gland Seal 2.10.9.

(4) Extraction System 2.10.12.

The MT is classified as non-safety-related.

The MT has the following features that prevent overspeed:

(1) Main turbine stop valves (MTSV)/ Control valves (CV) (MTSVs trip /CVs trip
and modulate].

(2) Combined intermediate valves (CIVs) consist ofintercept valves (IVs) and ;

intercept stop valves (ISVs) [IVs trip and modulre/ISVs trip]. j

i

(3) Extraction line non-return valves (trip).

(4) Redundant valve closure mechanisms (i.e., fast acting solenoid valves and
,

emergency trip fluid system).
.

1
(5) Redundant normal speed control. ;

|

Three levels of signals to MT valves (i.e., normal speed control /overspeed )
trip / backup overspeed trip).

Main Turbine 2.10.7 1
,

|
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Overspeed trip occurs as follows:

Overspeed Condition Protective Action

(1) Exceeds normal speed Normal speed control signals the CVs and IVs to

control setpoint. close.

(2) Exceeds overspeed trip Overspeed trip signals hiTSVs, CVs, IVs, ISVs,

setpoint. and extraction line non-return valves to close.

[ (3) Exceeds backup overspeed Backup overspeed trip signals MTSVs, CVs, IVs, f
trip setpoint. ISVs, and extraction line non-return valves to

close.

The turbine AITSV closes in 0.1 seconds or greater. The turbine CV trip closure is 0.08
seconds or greater. In the modulating mode, the full stroke servo-closure of the turbine
CV is 2.5 seconds or greater.

I

The hit System has the following alarms and displap in the main control room: j
i

(1) Overspeed alarm.
'

(2) Parameter displays for turbine speed and inlet steam pressure.
)

The main turbine stop valves are analysed to demonstrate structural integrity under safe
shutdown earthquake (SSE) loading conditions.

The MT is located within the Turbine Building. The axis of the turbine and genemtor
is orientated within the Turbine Building to be inline with the Reactor and Control
Buildings.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.10.7 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the hfT System.

O
2.10.7-2 Main Turbine

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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5 Table 2.10.7 Main Turbine System b
s- tg

inspections Tests Analyses and A cc eptance Criteria Qe , ,

Nf Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the MT System 1. Inspection of the as-built MT will be 1. The as-built MT conforms with the basic
is as described in Section 2.10.7. conducted, configuration described in Section 2.10.7.

2. MT System overspeed protective actions 2. Tests will be conducted on the as-built MT 2. The following protective actions occur:
are as defined in Section 2.10.7. System using simulated overspeed

signals. Overspeed Protective Action
Condition

a. Exceeds Normal speed
normal control signals the
speed CVs and lVs to
control close.
setpoint.

N
b. Exceeds Overspeed trip $

overspeed signals MSVs, t
trip setpoint. CVs, ISVs, IVs. s

and extraction E
"line non-return

valves to close.

c. Exceeds Backup overspeed
backup trip signals MSVs,
overspeed CVs, ISVs, IVs,
trip setpoint. and extraction

line non-return
valves to close.

o
3. The turbine MTSV closes in 0.10 seconds 3. Tests will be conducted on the as-built 3. The turbine MTSV closes in 0.10 seconds $,

or greater. turbine MTSV. or greater {
4. The turbine CV trip closure is 0.08 4. Tests will be conducted on the as-built 4. The turbine CV trip closure is 0.08 y

| seconds or greater. turbine CV. seconds or greater. g-

| N $'

si it
N D.
N

:
;

l
.
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t Table 2.10.7 Main Turbine System (Continued) b
* tlO
% inspections, Tests, Analyses and Acceptance Criteria

g%Design Commitment inspections, Tests, Analyses Acceptance Criteria

5. In the modulating mode, the full stroke 5. Tests will be conduced on the as-built 5. In the modulating mode, the full stroke
servo closure of the turbine CV is 2.5 turbine CV. servo closure of the turbine CV is 2.5
seconds or greater. seconds or greater.

6. Main control room alarms and displays 6. Inspections will be performed on the main 6. Alarms and displays exist or can be
provided for the MT are as defined in control room alarms and displays for the retrieved in the main control room as
Section 2.10.7. M T. defined in Section 2.10.7.

7. The axis of the turbine and generator is 7. Inspections will be conducted of the as- 7. The axis of the turbine and generator is
oriented within the Turbine Building to be built turbine and generator. oriented within the Turbine Building to be
inline with the Reactor and Control in line with the Reactor and Control
Buildings. Buildings.

8. The MTSVs are analysed to demonstrate 8. A seismic analysis of the as-built MTSVs 8. An analysis report exists which concludes
structural integrity under SSE loading wi!! be performed. that the as-built MTSVs can withstand an g
conditions. SSE without the loss of structural g

integrity. y
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2.10.8 Turbine Control System

No entry. Covered in Section 2.10 7.
,
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2.10.9 Turbine Gland Seal System

Design Description ;

The Turbine Gland Seal (TGS) System prevents the escape of radioactive steam from
the turbine shaft casing penetrations and valve stems and prevents air inleakage

!

through subatmospheric turbine glands. Figure 2.10.9 shows the basic system
configuration.

The TGS System consists of a sealing steam pressure regulator, steam seal header and a
gland seal condenser (GSC) with two exhaust blowers and associated piping, valves and
instrumentation.

The TGS System is bounded by the Main Turbine System and the Turbine Bypass
System. The TGS System receives steam from either the Turbine Main Steam Systems,
the feedwater heater drain tank vent header or auxiliary steam sources. The exhaust
blowers discharge to the Turbine Building compartment exhaust system.

The TGS System is classified as non-safety-related.

The TGS System is located in the Turbine Building.

The TGS System has displays for gland seal condenser and steam seal header pressure
in the main control room.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.10.9 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the TGS System.

|

;
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P Table 2.10.9 Turbine Gland Seal System
%stl@

Inspections, Tests, Analyses and Acceptance Criteria*

{ Design Commitment inspections, Tests, Analyses Acceptance Criteria

7 1. The basic configuration of the TGS 1. Inspections of the as. built system will be 1. The as-built TGS System conform 9 witii ~ '
3 System is as shown on Figure 2.10.9. conducted. the basic configuration shown on Figure
y 2.10.9.
3

2. Main control room displays provided for 2. Inspections will be performed on the main 2. Displays exist or can be retrieved in the
the TGS System are as defined in Section control room displays for the TGS main control room as defined in Section
2.10.9. System. 2.10.9.
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2.10.10 Turbine Lubricating Oil System !

No enuv for this system.
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'2.10,11 Moisture Separator Heater

No entry for this system.
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2.10.12 Extraction System

No entry for this system.
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2.10.13 Turbine Bypass System

Design Description

The Turbine Bypass System (TBS) discharges main steam directly to the condenser.
The TBS is bounded by the Turbine Main Steam System and the Main Condenser.

The TBS is classified as non-safety-related.

The TBS consists of a vahe chest that is connected to the main steamlines upstream of
the main turbine stop valves, and dump lines that connect each regulating valve outlet
to the condenser shell.

The turbine bypass valves are opened by a signal from the Steam Bypass and Pressure
Control System.

The turbine bypass valves open upon turbine trip or generatorload rejection,
automatically trip closed whenever the vacuum in the condenser falls below a preset
value, and fail closed on loss of electrical power or hydraulic system pressure.

The TBS is analyzed to demonstrate structural integrity under the safe shutdown
earthquake (SSE) loading conditions.

The TBS is located in the Turbine Building.

Inspection.s, Tests, Analyses and Acceptance Criteria

Table 2.10.13 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the TBS.

Turbine Bypass System
2.10.13-1
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E Table 2.10.13 Turbine Bypass System b
03u

% Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration for the TBS is 1. Inspections of the as-built TBS will be 1. The as-built TBS conforms with the basic
described in Section 2.10.13 and Turbine conducted. configuration of Section 2.10.13 and
Main Steam System, Figure 2.10.1. Turbine Main Steam System, Figure

2.10.1.

2. The turbine bypass valves are opened by 2. Tests will be conducted usin0 a simulated 2. Turbine bypass valves open upon receipt
a signal from the Steam Bypass and signal. of simulated signal from the Steam
Pressure Control System. Bypass and Pressure Control System.

3. The TBS is analysed to demonstrate 3. A seismic analysis of the as-built TBS will 3. An analysis report exists which concludes
structural integrity under SSE loading be performed. that the as-built TBS can withstand a SSE
conditions. without loss of structural integrity.
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2.10.14 Reactor Feedwater Pump Driver

No entry. Covered in Section 2.10.2.
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2.10.15 Turbine Auxiliary Steam System

No entry for this system.

\

Turbine AuxiliarySteam System 2.10.15 1/2
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2.10.16 Generator

No entry for this system.

i
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Generator 2.10.16-12
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2.10.17 Hydrogen Gas Cooling System
]
!

No entry for this system. ;
|
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2.10.18 Generator Saoling System

No entry for this system,
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2.10.19 Generator Sealing Oil System ,

No entry for tius system. ;
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2.10.20 Exciter

No entry for this system.
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2.10.21 Main Condenser

Design Description

The Main Condenser (MC) condenses and deaerates the exhaust steam from the main ,

turbine (MT) and provides a heat sink for the Turbine Bypass (TBP) System. The MC
is also a collecdon point for other steam cycle drains and ven'.s.

The MC hotwell prosides a holdup volume for main steam isolation valve (MSIV) fission
product leakage.

The MC is classified as non-safety-related and non-seismic Category I. The supports and

anchors for the MC are designed to withstand a safe shutdown earthquake (SSE).

The MC is located in the Turbine Building (T/B).

The MC tubes are made from corrosion-resistant material. The MC operates at a

vacuum: consequently, leakage is into the shell side of the MC. Circulating water
leakage froia the tubes to the condenseris detected by measuring the conducdvity of
sample water extracted beneath the tube bundles. In addition, a conductivity monitor
is located at the discharge of the condensate pumps, and alarms are prosided in the .
main control room.

Inspections, Tests, Analysos and Acceptance Criteria
.i

Table 2.10.21 provides a defi- an of the inspections, tests, and/or analyses, together :

with associated acceptance o na ia, which will be undertaken for the MC.
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U Table 2.10.21 Main Condenser b
C tl3
;; inspections, Tests, Analyses and Acceptance Criteria '

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The supports and anchors for the MC are 1. An analysis of the ability of the as-built 1. An analysis report exists which concludes
designed to withstand a safe shutdown condenser supports and anchors to that the as-built main condenser supports
earthquake. withstand a safe shutdown earthquake and anchors are able to withstand a safe

will be performed. shutdown earthquake.

2. A conductivity monitor is located at the 2. The as-built system will be inspected. 2. A conductivity monitor exists at the
discharge of the condensate pumps. discharge of the condensate pumps.

3. Main control room alarms provided for 3. Inspections will be performed on the main 3. Alarms exist in the main control room as
the main condenser are as defined in control room alarms for the main defined in Section 2.10.21.
Section 2.10.21. condenser.
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2.10.22 Off-Gas System

Design Description

| The Off-Gas System (OGS) treats the gas exhausted from the main turbine condensers
to control the reicase of gaseous radioactivity discharged to the plant environment.

The OGS has redundant hydrogen / oxygen recombiners to reduce process gas volume
and noble gas adsorption beds to provide radionuclide retention / decay. A high
efliciency paniculate air (HEPA) filter is also provided. Figure 2.10.22 shows the basic
system configuration.

Radiation levels in the OGS discharge stream are monitored (two channels). A main
control room alarm and automatic OGS isolation are initiated when the radiation level
exceeds setpoints.

The system pressure boundary of the OGS (including the hydrogen analyzers) is
capable of withstanding an internal hydrogen explosion.

The adsorption beds and their support structure do not collapse under seismic loads
corresponding to the safe shutdown carthquake (SSE) ground accelerations.

The OGS is clas:ified as nonsafety-related.

The OGS is located in the Turbine Building.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.10.22 provides a definition of the inspection, tests and/or analyses, together
with associated criteria, which will be undertaken for the OGS.

I

off Gas System 2.10.22-1 |
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S Table 2.10.22 Off-Gas System b
6 CD

[ Inspections, Tests, Analyses and Acceptance Criteria g
3 Design Commitment inspections, Tests, Analyses Acceptance Criteria
3

1. The basic configuration of the OGS i.i as 1. Inspections of the as-built system will be 1. The as-built OGS conforms with the basic
shown on Figure 2.10.22. conducted. configuration shown in Figure 2.10.22.

2. The OGS pressure-retaining components 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic tests
retain their integrity under internal those pressure-retaining components of demonstrate that the pressure-retaining
pressure that will be experienced during the OGS. components of the OGS can retain their
service. integrity under internal pressure that will

be experienced during service.

3. Automatic OGS isolation is initiated when 3. Tests will be conducted on the as-built 3. OGS automatically isolates when the
radiation levels in the discharge stream OGS using a simulated radiation signal. simulated signal exceeds the setpoint.
exceed the setpoint.

4. Main control room alarm provided for the 4. Inspections will be conducted on the main 4. Alarm exists in the main control room as y
OGS is as defined in Subsection 2.10.22. control room alarm for the OGS. defined in Section 2.10.22. p

5. The adsorption beds and their support 5. A seismic analysis of the adsorption beds 5. A structure analysis report exists which k
structures do not collapse under seismic and their support structures will be concludes that collapse of the adsorption R
loads corresponding to the SSE ground performed. beds and their support structures do not [
accelerations, occur.

6. The system pressure boundary of the 6. A hydrostatic test of the OGS pressure 6. The OGS pressure boundary retains its
OGS is capable of withstanding an boundary will be conducted in the plant integrity under the test conditions.
internal hydrogen explosion. with test pressures equal to or greater

than 1.5 times design pressure.
_.
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2.10.23 Circulating Water System

Design Description

The Circulating Water (CW) System provides a supply of cooling water to the Main
Condenser to remove the heat rejected by the turbine cycle and auxiliary systems and
transport it to the power cycle heat sink. The parts of the CW System that are in the ,

'

Turbine Building are within the Certified Design. Those parts of the system that are
outside the Turbine Building are not in the Certified Design. Figure 2.10.23 shows the
system basic configuration and scope of the CW System within the Certified Design.

The CW System is classified as non-safety-related.

For the CW System, condenser area water level sensors are provided. A high water level
signal causes an alarm in the main control room (MCR). A high-high waterlevel signal
closes the condenser valves in the CW System.

+ i

The CW System motor operated valve position indications are provided in the main

control room (MCR).
"

h Interface Requirements
\ The parts of the CW System (including the power cycle heat sink) which are not within

the Certified Design shall meet the following requirements:

(1) Design features shall be provided to limit flooding in the Turbine Building.

Inspections, Tests, Analyses and Acceptance Criteria |

Table 2.10.23 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the parts of the CW
Systems within the Certified Design.

.

|

|
,
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NOTES:
1. MULTIPLE LINES MAY BE USED.
2. CONDENSER ISOLATION PROVISIONS ARE REQUIRED FOR EACH LINE.
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Figure 2.10.23 Circulating Water System

2.10.23 2 Circulating Water System
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@ Table 2.10.23 Circulating Water System b
s. CD
p inspections, Tests, Analyses and Acceptance Criteria Q
g Design Commitment inspections, Tests, Analyses Acceptance Criteria
5 1. A basic configuration for ti ~ nf System 1. Inspections of the as-built system will be 1. The as-built CW System conforms with
$ is as shown on Figure 2.~ conducted. the basic configuration shown on
j Figure 2.10.23.

2. The circulating water condenser valves 2. Testing of the as-built CW System will be 2. The circulating water condenser valves
are closed in the event of a system performed using simulated signals. are closed in the event of a system*

isolation signal from the condenser area isolation signal from the condenser area
level switches. level switches.

3. MCR alarms and displays provided for the 3. Inspections will be performed on the MCR 3. Alarms and displays exist or can be
CW System are as defined in Section alarms for the CW System. retrieved in the MCR as defined in Section
2.10.23. 2.10.23.
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2.10.24 Condenser Cleanup Facility

No entry for this system.
,
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2.11.1 Makeup Water (Purified) System

Design Description

The Makeup Water (Purified) (MUWP) System is a distdbution system with
components located throughout the plant. The MUWP provides demineralized
makeup water to the condensate storage tank, the surge tanks which are shared by the
Reactor Building Cooling Water System and Heating, Ventilation, and Air Conditioning
Emergency Cooling Water System and other plant systems.

The MUWP System consists of distribution piping and valves. Makeup water is supplied
to the system by the Makeup Water Preparation System.

The MUWP System is classified as non-safety-related with the exception of the primary
containment isolation function which is safety-related The primary containment pipe

penetration and isolation valves are classified as Seismic Category I and ASME Code
Class 2.

The outboard containment isolation valve is a manual valve locked closed during

normal operation. The inboard containment isolation vahc is a check valve (CV) that
has an active safety-related function to close under system pressure, fluid flow, and

temperature conditions.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.11.1 provides a definition of the inspections, tests. and/or analyses, together
with associated acceptance criteria, which will be undertaken for the MUWP System.

|

\<

Makeup Water (Purified) System 2.11.1-1 |
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U Table 2.11.1 Makeup Water (Purified) System b
C ID
4 Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the safety- 1. Inspections of the as-built safety-related 1. The as-built safety-related portion of the
related portion of the MUWP System is as portions of the MUWP System will be MUWP System conforms with the basic
described in Section 2.11.1. conducted. configuration described in Section 2.11.1.

2. The CV designated in Section 2.11.1 as 2. Tests of the installed valve for closing will 2. The CV closes.
having an active safety-related function be conducted under system
closes under system pressure, fluid flow, preoperational pressure, fluid flow, and
and temperature conditions. temperature conditions.
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2.11.2 Makeup Water (Condensate) System

Design Description

The Makeup Water (Condensate) (MUWC) System is a distribution system with
components located throughout the plant. Figure 2.11.2 shows the basic system
configuration and scope.

Except for the level sensors and associated piping, the MUWC System is classified as
non-safety-related.

The level sensors and associated piping are classified as Seismic Category I. Figure 2.11.2

shows the ASME Code class for the MUWC System piping and components.

The lew! instruments are located in the Reactor Building; the condensate storage tank
(CST) and pump (s) are located outside the Reactor Building.

Each of the four MUWC System water level sensors is powered from the respective
divisional Class 1E power supply. In the MUWC System, independence is provided
between the Class 1E divisions, and also between the Class IE divisions and non-Class

b 1E equipment.
\

'

The MUWC System has displays for CST water level in the main control room.

MUWC System components with display interfaces with the Remote Shutdown System
(RSS) are shown on Figure 2.11.2.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.11.2 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the MUWC System. i

,

i

i

t

Makeup Water (Condensste) System 2.11.2 1
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[ Table 2.11.2 Makeup Water (Condensate) (MUWC) System b
03

k inspections, Tests, Analyses and Acceptance Criteria Q
D{ Design Commitment inspections. Tests, Analyses Acceptance Criteria

D 1. The basic configuration of the MUWC 1. Inspections of the as-built system will be 1. The as-built MUWC System conforms
& System is as shown on Figure 2.11.2. conducted. with the basic configuration on Figure

2.11.2.a.
E 2. Each of the four MUWC System water 2. 2.

{ level sensors is powered from the a. Tests will be performed on the MUWC a. The test signal exists only in the Class
respect,ve divisional Class 1E power System by providing a test signal in 1E division under test in the MUWCg i

supply. In the MUWC System, only one Class 1E division at a time. System.
Independence is provided between Class
1E divisions, and between Class 1E b. Inspections of the as-built Class 1E b. In the MUWC System, physical
divisions and non-Class 1E equipment. divisions in the MUWC System will be separation or electrical isolation exists

performed. between Class 1E divisions. Physical
separation or electricalisolation exists
between these Class 1E divisions and y
non-Class 1E equipment. p

3. Main control room displays provided for 3. Inspections will be performed on the main 3. Displays exist or can be retrieved in the y.
the MUWC System are as defined in control room displays for the MUWC main control room as defined in Section 5

"
Section 2.11.2 System. 2.11.2.

4. RSS displays provided for the MUWC 4. Inspections will be performed on the RSS 4. Displays exist on the RSS as defined in
System are as defined in Section 2.11.2. displays for the MUWC System. Section 2.11.2.

@
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2.11.3 Reactor Building Cooling Water System

Design Description
.

The Reactor Building Cooling Water (RCW) System distributes cooling water through
three physically separated and electricallyindependent dhisions. The system removes
heat from plant auxiliaries and transfers it to the Ultimate Heat Sink (UHS) via the
Reactor Service Water (RSW) System. The RCW System removes heat from emergency
core cooling equipment, including the emergency diesel generators (DGs) during a
safe reactor shutdown cooling function. RCW System configurations are shown in
Figures 2.11.3a,2.11.3b, and 2.11.Sc. Figure 2.11.3d shows the RCW System control
in terfaces. All components cooled by the RCW System are parts of other systems and are

not part of the RCW System. Each RCW division includes two pumps which circulate
cooling water thmugh the equipment cooled by the RCW System and through three
heat exchangers which transfer the RCW heat to the UHS via the RSW System.

The RCW System performs a safe reactor shutdown cooling function following either a
loss-of. coolant accident (LOCA) or a loss-of-preferred-power (LOPP)or both. Asruming
a single active failure in any mechanical or electrical division or RCW support system,

[ which disables any one of the three RCW divisions. the other two divisions perform safe( reactor shutdown cooling.

Tables 2.11.3a, 2.11.3b, and 2.ll.Sc show which equipment receives RCW flow during '

various plant operating and emergency conditions. The tables also indicate how many
heat exchangers are in senice under each condition.

The RCW Sys:em is classified as nfety-related except for those portions as shown on
Figures 2.11.3a,2.11.3b, and 2.11.Sc as non-nuclear safety.

The RCW System responses to a LOCA signal are the following:

(1) Starts any standby RCW pumps.

(2) Opens any closed standby RCW heat exchanger outlet valves.
!

(3) Opens all Residual Heat Remon] (RHR) System heat exchanger cooling
water outlet valves.

(4) Closes all RCW containment isolation valves.

| (5) Closes valves to the following non+afety-related components (to Reactor
Water Cleanup System (CUW) and Hot Water Heating (HWH) System heat

f exchangers and reactor internal pump (RIP) MG sets).
\

Reactor Building Cooling Water System 2.11.3 1
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(6) Opens the RCW water temperature pneumatic control valves (located

downstream of RCW heat exchangers) and closes the RCW heat exchanger

bypass valves.

(7) Overrides the RCW pump trip sipal from low surge tank and low stand pipe
level.

Safety-related valves separate the safety-related portions of the RCW System from the
non-safety r elated portions of the system. Tbc separation valves to the non-safety-r clated

RCW System are automatically or remote-mor.ually operated, and their positions are
indicated in the main control room.

Component design parameters are:

Division A/II Division C

Discharge flow ratc s.gm/ pump) 223,700 2 20,000

f 6
lleat exchacger design basis heat 211.4 x 10 ' 210.6 x 10

| icmoval capacides: kcal/hr/hx kcal/hr/hx

These heat iemoval capabilities inchide a 20% margin above the minimum required for
design basis accident conditions. Consequently, plant operation is acceptabic with heat
exchanger capacitics greater than or equal to 80% of these vahies.

Figures 2.11.3a,2.11.3b, and 2.11.Sc show the ASME Code Class for the RCW System
piping and components. The safety-related portions of the RCW dhisions are classified
as Seismic Category 1.The piping to the fuel pool cooling (FPC) system heat exchangers
and room coolers are classified as Seismic Category 1.

The RCW pumps and heat exchangers are located in the lower ik> ors of the Control
11uilding. The equipment cooled by the RCW divisions are located in the Control
fluilding, Reac tor Building, Turbine Building, and Radwaste lluilding, (Figures 2.11.3a,
2.I1.3b, and 2.11.Sc).

Each of the three RCW dhisions is powered from its respective Chiss IE division as
shown in Fign.es 2.11.3a,2.11.3b, and 2.11.Sc. In the RCW System, independence is
provided between the Class 1E divisions and also between the Class 1E divisions and
non-Class 1E equipment. The safety related portion of each mechanical dhision of the
RCW System (Dhisions A, B, C) is physically separated from the saf ety-rclated portions
of the other dhisions.

O
2.1 r3 2 Reactor Building Coohng Water System
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The RQV System has the following displays and controls in the main control room:

(1) Parameter displays for instruments shown on Figures 2.11.3a,2.11.3b, and
2.11.Sc.

(2) Controls and status displays for the ROV active safety-related components
shown on Figures 2.11.3a,2.11.3b, and 2.11.Sc.

The ROV System components with displays and control interfaces with the Remote
Shutdown System (RSS) are identified in Figures 2.11.3a and 2.1.3b.

The safety-related electrical equipment shown on Figures 2.11.3a,2.11.3b, and 2.11.Sc,
located in the Reactor Building, is qualified for a harsh emironment.

'

The motor-operated valves (MOVs) shown on Figures 2.11.3a,2.11.3b, and 2.11.Sc have
active safety-related functions to open, close, or both open and close, and perfonn these
functions under differential pressure, fluid flow, and temperature conditions.

The check valves (CVs) shown on Figures 2.11.3a,2.11.3b, and 011.Sc have active safety-

related functions to open, close, or both open and close under system pmssure, fluid

f flow, and temperature conditions.
(

3A separate surge tank of at least 16m is provided for each ROV dhision. Each surge
tank is shared with the corresponding division of the HVAC Emergency Cooling Water
(HECW) System. Makeup water is provided for the surge tank by the Makeup Water
(Purified) (MUWP) System by an automatic or main control room signal. Low water
level signals in the surge tanks do the following (in order of decreasing level):

(1) Low-opens the MUWP makeup water valve.

(2) Low-Low- closes the pneumatic and motor-operated valves which stop flow ;

to the non-safety-related components.

The Suppression Poc! Cleanup (SPCU) System provides a backup surge tank water i

supply. |

|

The pneumatic-operated valves shown in Figures 2.11.3a,2.11.3b, and 2.11.Sc fail as
follows in the event that either electric power to the valve-actuating solenoid is lost or
pneumatic pressure to the valve is lost: RCW makeup valves from the MUWP fail open,

,

RCW water temperature control valves fail open, RCW heat exchanger bypass valves fail !

closed, and the safety-related/non-safety-related separation valve fails closed.

N <

I
Reactor Building Cooling Water System 2.11.3-3 :
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Inspections, Tests, Analyses and Acceptance Criteria ,

Table 2.11.3d provides a definition of the inspections, tests, and/or analyses together
with associated acceptance criteria, which will be undertaken for the RCW System.

O

,

9
2.11.3-4 Reactcr Building Cooling Water System
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Figure 2.11.3a Reactor Building Cooling Water System (RCW-A)
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Figure 2.11.3b Reactor Building Cooling Water System (RCW-B)
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Figure 2.11.3c Reactor Building Cooling Water System (RCW-C) :

2.11.3-7Reactor Building Cooling Water System
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Table 2.11.3a Reactor Building Cooling Water Cooling Loads
Division A

Hot
Standby

Normal (loss of
Operating AC Emergency

Operating Mode / Components * Conditions Shutdown Power) (LOCA)

RCW/RSW Heat Exchangers In Service 2 3 3 3

SAFETY-RELATED

Emergency Diesel Generator A t t * *

RHR Heat Exchanger A 1 * * *

Others (safety-related)f * * * *

NON-SAFETY-RELATED

CUW Heat Exchanger * * * t

'
FFC Heat Exchanger A** * * * *

inside Drywell * * * t

Others (non-safety-related) * * * *

Some of these cooling loads are serviced by only one or two RCW divisions. These*

components may be reassigned to other RCW divisions if redundancy and divisional
alignment of supported and supporting systems is maintained and the design basis cooling
capacity of the RCW divisions is assured.

1 Equipment does not receive RCW in this mode.

* Equipment receives RCW in this mode.
f HECW refrigerator, room coolers (RHR, RCIC, CAMS), RHR motor bearing and seal coolers,

and CAMS cooler.

** Includes FFT room cooler.

.

O
e

Reactor Building Cooling Water System 2.11.3-9
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Table 2.11.3b Reactar Building Cooling Water Cooling Loads

Division B

Hot
Standby

Normal (loss of
Operating AC Emergency

Operating Mode / Components * Conditions Shutdown Power) (LOCA)

RCW/RSW Heat Exchangers in 2 3 3 3
Service

SAFETY-RELATED

Emergency Diesel Generator B t t * *

RHR Heat Exchanger B t * * *

Others (safety-related)f t * * *

NON-SAFETY-RELATED

RWCU Heat Exchanger * * * t

FPC Heat Exchanger B** * * * *

Inside Drywell * * * t

Others (non-safety-related) * * * *

Some of these cooling loads are serviced by only one or two RCW divisions. These*

components may be reassigned to other RCW divisions if redundancy and divisional
alignment of supported and supporting systems is maintained and the design basis
cooling capacity of the RCW divisions is assured,

t Equipment does not receive RCW in this mode.
* Equipment receives RCW in this mode.
f HECW refrigerators, room coolers (RHR, HPCF, SGTS, FCS, CAMS), RHR and HPCF motor

bearing and seal coolers, and CAMS cooler.

" includes FPC room cooler.

i

i

|
1

2.11,3 10 Reactor Building Cooling Water System
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Table 2.11.3c Reactor Building Cooling Water Cooling Loads
Division C

Hot
Standby

Normal (loss of
Operating AC Emergency

Operating Mode / Components * Conditions Shutdown Power) (LOCA)

RCW/RSW Heat Exchangers in Service 2 3 3 3

SAFETY-RELATED

Emergency Diesel Generator C t t t *

RHR Heat Exchanger C t * * *

Others (safety-related)f * * * *

NON-SAFETY-RELATED

Others (Non-safety-related) * * * *

Some of these cooling loads are serviced by only one or two RCW divisions. These*

components may be reassigned to other RCW divisions if redundancy and divisional
alignment of supported and supporting systems is maintained and the design basis cooling
capacity of the RCW divisions is assured.g

t Equipment does not receive RCWin this mode.
* Equipment receives RCW in this mode.
f HECW refrigerators; SGTS and FCS room coolers; room cooters, motor bearing coolers, and

mechanical seal coolers for RHR and HPCF.

i

i

|
|

|
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E Table 2.11.3d Reactor Building Cooling Water (RCW) System b
i U3
h inspections, Tests, Analyses and Acceptance Criteria

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the RCW 1. Inspections of the as-built system will be 1. The as-built RCW System conforms with
System is as shown on Figures 2.11.2a, conducted. the basic configuration shown in Figures
2.11.2b and 2.11.2c. 2.11.2a,2.11.2b and 2.11.2c.

2. The ASME Code components of the RCW 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
System retain their pressure boundary those Code components of the RCW ASME Code components of the RCW
integrity under internal pressures that will System required to be hydrostatically System conform with the requirements in
be experienced during service. tested by the ASME Code. the ASME Code, Section 111.

3. The RCW System responses to a LOCA 3. Using simulated LOCA signals, tests will 3. Upon receipt of simulated LOCA signals,
signal are as specified in Section 2.11.3. be performed for the RCW System. the responses of the RCW System are as

specified in Section 2.11.3.

4. The RCW pump flow capacities and the 4. An analysis of the as-built RCW System 4. The estimated heat removal capacities of y
RCW heat exchanger heat removal will be performed. Tests will be the as-built RCW System divisions exceed g
capacities are as specified in Section performed of the flow capacities of the the estimated heat removal requirements {
2.11.3. installed RCW pumps. Inspections and of the components cooled by the RCW ;

analyses will be performed to estimate System divisions during LOCA conditions. 2
the heat removal capacities of the RCW N

heat exchangers. Inspections and
analyses will be performed to estimate
the heat removal requirements of the as-
built components which are cooled by the

& RCW System during LOCA conditions.

h 5. Each of the three RCW divisions is 5. 5.

h povmrod from its respective Class 1E a. Tests will be performed on the RCW a. The test signal exists only in the Class
g division as shown in Figures 2.11.2a, System by providing a test signalin 1E division under test in the RCW n
a 2.11.2b, and 2.11.2c. in the RCW System, only one Class 1E division at a time. System. $.
9 mdependence is provided between the p
%. Class 1E divisions and also between the b. Inspections of the as-installed Class b. Physical separation or electrical a.
S Class 1E divisions and non-Class 1E 1E Divisions in the RCW System will isolation exists between Class 1E y
E equipment. be performed. divisions in the RCW System. Physical g-
Si separation or electrical isolation exists*

g!!!W between Class 1E divisions and non-

{ Class 1E equipment. k

O O O
-
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& Table 2.11.3d Reactor Building Cooling Water (RCW) System (Continued) b
n tD
a inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria 33

d 6. The safety-related portion of each 6. Inspections of the as-built RCW System 6. The safety-related portions of each

{ mechanical division of the RCW System will be performed. mechanical division of the RCW System is

s (Divisions A. B,C) is physically separated physically separated from the safety-

} from the safety-related portions of the related portions of the other mechanical

{ other divisions. divisions of the RCW System.

y 7. Main control room displays and controls 7. Inspections will be performed on the main 7. Displays and controls exist or can be
E provided for the RCW System are as control room displays and controls for the retrieved in the main control room as
3 defined in Section 2.11.3. RCW System. defined in Section 2.11.3.

,

8. RSS displays and controls provided for 8. Inspections will be performed on the RSS 8. Displays and controls exist on the RSS as j
'

the RCW system are as defined in Section displays and controls for the RCW defined in Section 2.11.3.
2.11.3. System.

9. MOVs designated in Section 2,11.3 as 9. Tests of installed valves for opening and 9. Upon receipt of the actuation signal, each M
having an active safety-related function closing, will be conducted under pre- MOV opens, cfoses, or both opens and D

will open, close, or both open and close operational differential pressure, fluid closes, depending upon the valve's safety b
under differential pressures, fluid flow, flow, and temperature conditions. functions. {
and temperature conditions. %

10. CVs, designated in Section 2.11.3 as 10. Tests of iristalled valves for opening, 10. Based on the direction of the differential
having an active safety-related function, closing, or both opening and closing, will pressure across the valve, each CV opens,
open, close, or both open and close under be conducted under system closes, or both opens and closes,
system pressure, fluid flow, and preoperational pressure, fluid flow, and depending upon the valve's safety
temperature conditions. temperature conditions. function.
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Table 2.11.3d Reactor Building Cooling Water (RCW) System (Continued) ' b" tu
Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria M

11. The pneumatic-operated valves shown in 11. Tests will be performed on the as-built 11. The pneumatic actuated valves listed

Figures 2.11.2a,2.11.2b, and 2.11.2c fait valves by initiating loss of pneumatic below fail as desired when either electric

as follows in the event that either electric pressure and power to the actuating power to the valve actuating solenoid is

power to the valve actuating solenoid is solenoids, lost or pneumatic pressure to the valve is
lost: MUWP makeup water valves fail

los er pneumatic pressure to the valve is
open, RCW water temperature controlfor MUWP makeup valves fail open, valves fail open, RCW heat exchanger

RCW water temperature control valves
bypass valves fait closed, and the safety-

fail open, RCW heat exchanger bypass related/non-safety-related separation
valves fail closed, and the safety-

valves fait closed.related/non-safety-related separation
valves fait closed.

12. A surge tank with a capacity of greater 12. Inspection and a volume calculation using 12. The capacity of the surge tanks is greater
than or equal to 16 m is provided for as-built dimensions vuill be performed. than or equal to 16 m . Di3

3

feach RCW division.

13. A low surge tank water level signal opens 13. Tests will be performed on the as-built
13. The MUWP makeup valve opens and s

pneumatic and motor-operated valves R
the MUWP makeup valve and closes the equipment, "

which stop flow to the non-safety-related
pneumatic and motor-operated valves components close upon receipt of a lowwhich stop flow to the non-safety-related surge tank water level .ignal.
components.
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2.11.4 Turbine Building Cooling Water System

Design Description i

|

The Turbine Building Cooling Water (TOV) System removes heat from the auxiliary ,

equipment in the Turbine Building and rejects this heat to the Turbine Senice Water
(TSW) Sprem. Figure 2.11.4 shows the basic system configuration and scope.

The TGV System is classified as a non-safety-related.

The TGV System is located inside the Turbine Building.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.11.4 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the TGV System. .

P

Turbine Building Cooling Water System 2.11.4 1
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{ Table 2.11.4 Turbine Building Cooling Water System

inspections, Tests, Analyses and Acceptance Criteria

g Design Commitment inspections, Tests, Analyses Acceptance Criteria
a

K 1. The basic configuration for the TCW 1. Inspection of the as-built system will be 1. The as-built TCW System conforms with
8 System is as shown on Figure 2.11.4. conducted. the basic configuration shown on Figure
j 2.11.4.
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2.11.5 HVAC Normal Cooling Water System

Design Description

The Heating Ventilating and Air Conditioning (HVAC) Normal CocHng Water
(HNCW) System delivers chilled water to the Drywell Cooling System and to non-safety-
related fan coil units of building HVAC systems. Figure 2.11.5 shows the basic system

configuration and scope. (
!

The HNCW System is classified as non-safety-related with the exception of the primary
containment isolation function.

!

The HNCW System pumps and refrigerators are lo; aid in the Turbine Building.

The primary containment penetmtions and isolation valves are classified as Seismic
Category I, and ASME Code Class 2.

The inboard containment isolation valves is powered from Class IF. Division II, and the ,

outboard isolation valves are powered from Class IE Dhision I. In the HNCW System,
independence is provided is between Class IE divisions, and also between the Class IE

[, divisions and non-Class IE equipment.
(

The main control room has control and open/close status indication for the primary ,

containment isolation valves.

The safety-related clectrical equipment that provides primary containment isolation
and is located in the primary containment and the Reactor Building is qualified for a
harsh emironment.

fThe primary containment isolation motor-operated valves (MOVs) shown on Figure
2.11.5 have active safety-related function to close and perform this function under
differential pressure, fluid flow, and temperature conditions. t

The check valve (CV) for containment isolation shown on Figure 2.11.5 has an active
safety-related function to close under system pressure, fluid flow, and temperature
conditions.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.11.5 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the HNCW System.

,

HVAC Normal Cootmg Water System 2.11.5-1
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Figure 2.11.5 HVAC Normal Cooling Water System j
2.11.5-2 HVAC Normal Cooling Water System
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Table 2.11.5 HVAC Normal Cooling Water (HNCW) System

Inspections, Tests, Analyses and Acceptance Criteria

g Design Commitment inspections, Tests, Analyses Acceptance Criteria

k 1. The basic configuration of the HNCW 1. Inspections of the as-built system will be 1. The as-built HNCW System conforms with
g System is as shown on Figure 2.11.5. conducted. the basic configuration shown in Figure

2.11.5.g
T 2. The ASME Code components of the 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the

{ HNCW retain their pressure boundary those Code components of the HNCW ASME Code components of the HNCW
g integrity under internal pressures that will System required to be hydrostatically System conform with the requirements in

be experienced during service. tested by the ASME Code, the ASME Code, Section 111.

3. The inboard containment isolation valves 3. 3.
is powered from Class 1E Division 11, and

a. Tests will be performed on the HNCW a. The test signal exists only in the Class
the outboard isolation valves are powered System by providing a test signalin 1E division under test in the HNCWfrom Class 1E D,ivision 1. In the HNCW

, only one Class 1E division at a time. System.System, independence is provided N

between Class 1E divisions, and between k
Class 1E divisions and non-Class 1E &
equipn'ent. $s

b. Inspection of the as-installed Class 1E b. In the HNCW System, physical N

divisions in the HNCW System will be separation or electrical isolation exists
performed. between Class 1E divisions. Physical

separation or electrical isolation exists
between these Class 1E divisions and
non-Class 1E equipment.

4. Main control room displays and controls 4. Inspections will be performed on the main 4. Displays and controls exist or can be
provided for HNCW System are as control room displays and controls for the retrieved in main control room as defined
defined in Section 2.11.5. HNCW System. In Section 2.11.5.

5. MOVs designated in Section 2.11.5 as 5. Tests of installed valves for closing will be 5. Upon receipt of the actuating signal, each g
having an active safety-related function, conducted under preoperational MOV closes. E
close under differential pressure, fluid differential pressure, fluid flow, and p
flow, and temperature conditions, temperature conditions. J.

:=
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*d Table 2.11.5 HVAC Normal Cooling Water (HNCW) System b
inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteri- %
6. The CV designated in Section 2.11.5 as 6. Tests of the installed valve for closing will 6. The CV closes.

having an active safety-related function be conducted under system
closes under system pressure, fluid flow, preoperational pressure, fluid flow, and
and temperature conditions. temperature conditions.
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2.11.6 HVAC Emergency Cooling Water System

Design Description

The Heating Ventilating and Air Conditioning (HVAC) Emergency Cooling Water
(HECW) System delivers chilled water to the:

(1) Control Room Habitability Area HVAC System.
.

(2) Control Building Safety-Related Equipment Area HVAC System.

(3) Reactor Building HVAC System (safety-related electrical equipment HVAC).

Figures 2.11.6a and 2.11.6b show the basic system configuration and scope.

The HECW System is classified as safety-related except for the chemical addition tank
and associated piping and valves.

The HECW System is manually initiated.

5Each HECW System refrigerator unit has a capacity of not less than 5.8 x 10 ical/hr.
t in Divisions B and C, any refrigerator unit on standby automatically starts if any of the

other refrigerator units in Divisions B or C are stopped.

Safety-related portions of the HECW System are classified as Seismic Category 1. Figures
2.11.6a and 2.11.6b show the ASME Code class for the HECW System piping and

components.

The HECW System pumps and refrigerator units are located in the Control Building.

Each of the three HECW System divisions is powered from the respective Class IE
dhisions as shown on Figures 2.11.6a and 2.11.6b. In the HECW System, independence

is provided between Class 1E dhisions, and also between Class IE divisions and non-
Class 1E equipment.

Except for the connections to the chemical addition tanks, each mechanical dhision of
the HECW System (Dhisions A, B, C) is physically separated from the other dhisions.

'The HECW System has the following main control room (MCR) displays and controls:

(1) Control and status indications for the refrigerator units and pumps shown on j

Figure 2.11.6a and 2.11.6b. {

p (2) Parameter displays for instruments shown on Figures 2.11.6a and 2.11.6b.
v

\

HVAC Emergency Cooling Water System 2.11.6-1
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The check valves (CW) shown on Figures 2.11.6a and 2.11.6b have active safety-related

functions to open, close, or both open and close under system pressure, fluid How, and

temperature conditions.

The pneurnatic-operated valves shown in Figures 2.11.6a and 2.11.6b fail as follows in
the event that either electric power to the valve-actuating solenoid is lost or pneumatic
pressure to the valve is lost: the differential pressure control valves fail closed, and the
How control valves to the tooling coils fail open.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.11.6 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the HECW System.

O

t

O
I

2.11.6 2 HVAC Emergency Cooling Water Sy stem
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NOTES:
1. DIVISION A IS POWERED FROM CLASS 1E, DIVISION 1.

Figure 2.11.6a HVAC Emerger.cy Cooling Water System (HECW-A)
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HECW HVAC HVAC HECW
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NOTES: :

1. THIS FIGURE SHOWS ONE OF RVO SIMILAR DIVISIONS. '

DIVISIONS B AND C ARE POWERED FROM CLASS 1E,
DIVISION 11 AND lit, RESPECTIVELY.

Figure 2.11.6b HVAC Emergency Cooling Water System (HECW-B and C)

2.11.6-4 HVAC Emergency Cooling Water System



% Table 2.11.6 HVAC Emergency Cooling Water System b
W

p Inspections. Tests, Analyses and Acceptance Criteria g
D$ Design Commitment inspections, Tests, Analyses Acceptance Criteria

d 1. The basic configuration for the HECW 1. Visualinspections of the as-built system 1. The as-built configuration of the HECW

{ System is shown on Figures 2.11.6a and configuration will be conducted. System is in accordance with
y 2.11.6b. Figures 2.11.6a and 2.11.6b.
e

3 2. The ASME Code components of the 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the
5 HECW System retain their integrity under thost Code components of the HECW ASME Code components of the HECW
? internal pressures that will be System required to be hydrostatically System conform with the requirements in
$ experienced during service. tested by the ASME Code. the ASME Code, Section Ill.
3

3. Each HEWC System refrigerator unit has a 3. Type tests will be conducted on an as- 3. Each HEWC System refrigerator unit has a
5 5capacity of not less than 5.8 x 10 kcal/hr. built HECW System refrigerator units at a capacity of not less than 5.8 x 10 kcal/hr.

test facility.

4. In Divisions B and C, any refrigerator unit 4. Tests will be conducted on each as-built 4. In Divisions B and C, the refrigerator unit y
on standby automatically starts if any of HECW System refrigerator unit in on standby automatically starts upon y
the other refrigerator units in Divisions B Divisions B and C, using simulated signals receipt of a simulated signalindicating {
or C are stopped. indicating another refrigerator unit is that the other refrigerator units in g

stopped. Divisions B or C are stopped. R
u

5. Each of the three HECW System divisions 5. 5.
is powered from the respective Class 1E a. Tests will be performed on the HECW a. The test signal exists only in the Class
divisions as shown on Figures 2.11.6a and System by providing a test signalin 1E division under test in the HECW
2.11.6b. In the HECW System' only one Class 1E division at a time. System.
mdependence is provided between Class
1E divisions, and between Class 1E b. Inspections of the as-built Class 1E b. In the HECW System, physical
divisions and non-Class 1E equipment. divisions in the HECW System will be sepa ration or electrical isolation exists

performed. between Class 1E divisions. Physical
separation or electrical isolation exists

{between these Class 1E divisions and
non-Class 1E equipment, g

a.
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Table 2.11.6 HVAC Emergency Cooling Water System (Continued) b4

I 03
%" Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria 23

6. Except for the connections to the 6. Inspections of the as-huilt HECW System S. Each mechanical division of the HECW
chemical add!!!on tank, each mechanical will be conducted. System is physically separated from the
division of the HECW System (Divisions other mechanical divisions of the HECW
A, B, C) is physically separated from the System by structural and/or fire barriers,
other divisions. with the exception connet ions to the

chemical addition tank.

7. Main control room displays and controls 7. Inspections will be performed on the main 7. Displays and controls exist or can be
provided for the HECW System are as control rocm displays and controls for the retrieved in the main control room as
defined in Section 2.11.6. HECW System. defined in Section 2.11.6.

8. CVs designated in Section 2.11.6 as 8. Tests of installed valves for opening, 8. Based on the direction of the differential
having an active safety-related function closing, or both opening and closing, will pressure across the valve, each CV opens,
open, close, or both open and close under be conducted under system closes, or both opens and closes, %

system pressure, fluid flow and preoperational pressure, fluid flow, and depending upon the valve's safety {
temperature conditions. temperature conditions. functions. 2:

y

9. The pneumatic-operated valves shown in 9. Tests will be performed on the as-built 9. The pneumatic actuated valves listos y
Figures 2.11.3a and 2.11.3b fail as follows valves by initiating loss of pneumatic below fail as specified when either ele:nc i,

in the event that either electric power to pressure and power to the actuating power to the valve actuating solenoid is
the valve actuating solenoid is lost or solenoids. lost or pneumatic pressure to the valve is
pneumatic pressure to the valve is lost: lost: the differential pressure control
the differential pressure control valves f ait valves fail closed, and the flow control

3 closed, and the flow control valves to the valves to the cooling coils fail open.

$ cooling coils fail open.

9

E

,! E
u

O 5
k

# R
5 &

=~

cs

wI, n.
3 P

O O O
_ - - - -- - . - - _ -



_ _ m ___ .. . _ _ _ _ _ _

r

25AS447 Rev. 2

ABWR CertiEedDesignMaterial ,

O
t

2.11.7 Oxygen injection System

No entry for this system. ,
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2.11.8 This section not used.
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2.11.9 Reactor Service Water System
,

;

Design Description

The Reactor Senice Water (RSW) System removes heat from the Reactor Building
,

Cooling Water (RCW) System and rejects this heat to the Ultimate Heat Sink (UHS). ;

The portions of the RSW System that are in the Control Building are within the
Certified Design. Those portions of the RSW Syvem that are outside the Control
Building are not in the Certified Design. Figure 2.11.9a shows the basic system
configuration and scope within the Certified Design. Figure 2.11.9b shows the RSW

!System control interfaces.

The RSW System provides cooling water flow to either two or three of the RCW System i
heat exchangers in each division. On a lossef-coolant accident (LOCA) signal, any
closed valves for standby heat exchangers are automatically opened and cooling flow is

| provided to all three heat exchangers in each division.
F

For each division of the RSW System, the heat exchanger inlet and outlet valves close
upon receipt of a signalindicating Control Building flooding in that division.

The RSW System is classified as Seismic Category I and ASME Code Section III, Class 3
and consists of three separate safety-related disisions.

Each of the three RSW divisions is powered by its respective Class IE division. In the
RSW System, independence is provided between Class IE divisions, and also between
the Class IE divisions and non-Class IE equipment. Each mechanical division of the

,

RCW system (Divisions A, B, C) is physically separated from the other divisions. !

The RSW System has the following main control room (MCR) displays and controls:
control and status displays for the valves sh9wn on Figure 2.11.9a. The RSW System , e

components with status displays and contrm interfaces with the Remote Shutdown .

System (RSS) are identified in Figure 2.11.9a.

.

The motor-operated valves (MOVs) shown on Figure 2.11.9a all have active safety- ;
related functions to open and close under differential pressure and fluid flow :

conditions.

Interface Requirements i

Part of the RSW System that are not within the Certified Design shall meet the following
requirements:

1

(1) Design features shall be provided to limit the maximum flood height to 5.0 ,

meters in each RCW heat exchanger room.
|
l

,

Reactor Service Water System 2.11.9-1 ;
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(2) The design shall have three dhisions which are physically separated. Each

dhision shall be powered by its respective Class 1E dhision. Each division shall i

be capable of removing the design heat capacity (as specified in Section i

2.11.3) of the RCW heat exchangers in its dhision.

(3) Upon receipt of a lossef-coolant (LOCA) signal, components in standby
mode shall start and/or align to the operating mode.

(4) RSW System Dhisions A and B shall have controlinterfaces with the Remote
Shutdown System (RSS) as required to support RSW operation during RSS
design basis conditions.

,

|

(5) If required by the elevation relationships between the UHS and the RSW
System components in the Control Building (C/B), the RSW System shall have
antisiphen capability to prevent a C/B flood after an RSW System break and
after the RSW System pumps have been stopped.

(6) RSW System pumps in any dhision shall be tripped on receipt of a signal ;

indicating flooding in that dhision of the C/B basement area.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.11.9 provides a definition of the inspections, tests, and/or analyses, together .

with associated acceptance criteria, wh' :h will be undertaken for the portions of the
RSW System within the Certified Design. >

|
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NOTES:

1 THIS FIGUhE SHOWS ONE OF THREE SIMILAR DIVISIONS. ALL ELECTRICAL POWER
LOADS FOR THE COMPONENT IN DIVISIONS A, B, AND C ARE POWERED FROM
DIVISIONS 1,11, AND 111, RESPECTIVELY.

2. VALVES SHOWN ABOVE IN DIVISIONS A AND B HAVE CONTROLS AND OPEN/CLOSE
STATUS DISPLAY ON THE REMOTE SHUTDOWN PANEL

Figure 2.11.9a Reactor Service Water System

Reactor Service Water System 2.11.9-3
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$' Tablo 2.11.9 Reactor Service Water System b
a tu

Inspections, Tests, Analyses and Acceptance Criteriq Q
l Design Commitment inspections, Tests, Analyses Acceptance Criteria
2
:: 1. The basic configuration of the RSW 1. Inspections of the as-built system will be 1. The as-built RSW System conforms with

{ System is as shown on Figure 2.11.9. conducted. the basic configuration shown in Figure
to 2.11.9.
lij 2. The ASME Code components of the RSW 2. A hydrostatic test will be conducted on 2. The results of the hydrostatic test of the

System retain their pressure boundary those Code components of the RSW ASME Code components of the RSW
integrity under internal pressures that will Syatem required to be hydrostatically System conform with the requirements in
be experienced during service. tested by the ASME Code. the ASME Code, Section lit.

3. On a LOCA signal, any closed valves for 3. Using simulated LOCA signals, tests will 3. Upon receipt of simulated LOCA signals,
standby heat exchangers are be performed on standby heat exchanger the standby heat exchanger intet and
automatically opened. Inlet a'v' outlet valves, outlet valves open.

4. For each division of RSW, the heat 4. Usinc > iutated signals, tests will be 4. The heat exchanger inlet and outlet y
exchanger inlet and outlet valves close con, aed on the heat exchanger inlet valves close upon receipt of a signal }||
upon receipt of a signalindicating Control ano outlet valves. indicating Control Building flooding in {
Building flooding in that division. that division. g

5. Each of the three RSW divisions is 5. 5. [
powered by its respective Class 1E

a. Tests will be performed on the RSW a. The test signal exists only in the Class
dmston. In the RSW System, System by providing a test signal in 1E Division under test in the RSW
independence is provided between Class only one Class 1E division at a time. System.
1E divisions, and between Class 1E
divisions and non-Class 1E equipment. b. Inspections of the as-installed Class b. Physical separation or electrical

1E divisions in the RSW System will isolation exists between Class 1E
be performed. divisions in the RSW System. Physical

separation or electrical isolation exists
between Class 1E divisions and non-
Class 1E equipment. {

(6. Each mechanical division of the RSW 6. Inspections of the as-built system will be 6. Each mechanical division of the RSW
System (Divisions A, B, C) is physically performed. System is physically separated from other a
separated. mechanical divisions of the RSW System j.

by structural and/or fire barriers. =

N E
: a
.h h

~
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t Table 2.11.9 Reactor Service Water System (Continued) he

k Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria %
7. MCR displays and controls provided for 7. Inspections will be performed on the MCR 7. Displays and controls exist or can be

the RSW System are as defined in Section displays and controls for the RSW retrieved in the MCR as defined in Section
2.11.9. System. 2.11.9.

8. RSS displays and controls provided for 8. Inspections will be perfcrmed on the RSS 8. Indications and controls exist on the RSS
the RSW System are as defined in Section displays and controls for the RSW as defined in Section 2.11.9.
2.11.9. System.

|
9. MOVs designated in Section 2.11.9 as 9. Tests of installed valves, for opening and 9. Upon receipt of the actuating signal, each

having an active safety-related function closing will be conducted under MOV opens and closes, depending on the
'

open and close under differential preoperational differential pressure, fluid valve's safety function.
pressure, fluid flow, and temperature flow, and temperature conditions.
conditions.

M>

s
R

,

u '

k
E &
R a
? "'

a =-
N' ?
5 &
u ~

e5 3
3 A

O O O
.



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

25AS447 Rev. 2

ABWR cenisedDesign uateriai

\

2.11.10 Turbine Service Water System

Design Description

1
The Turbine Senice Water (TSW) Systerr removes heat from the Turbine Building'

Cooling Water (TCW) System and rejects this heat to the power cycle heat sink which is
part of the Circulating Water System. The portions of the TSW System that are in the
Turbine Building are within the Certified Design. Those portions of the TSW System
that are outside the Turbine Building are not in the Certified Design. Figure 2.11.10
shows the basic system configuration and scope of the portion within the Certified
Design.

The TSW System is classified as non-safety-related.

Interface Requirements

The portions of the TSW System which are not part of the Certified Design shall meet
the following requirement-

None identified for this system.*

Inspections, Tests, Analyses and Acceptance Criteria
L

Table 2.11.10 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken, for the portions of the
TSW System within the Certified Design.

I
|

|

%

Turbine Service Water System 2.11.10-1
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? Table 2.11.10 Turbine Service Water System b
@ CII

inspections, Tests, Analyses and Acceptance Criteria Q*

g. c. .

.
Design Commitment inspections, Tests, Analyses Acceptance Criteria'

s 1. The basic configuration of the TSW 1. Inspections of the as-built system will be 1. The as-built TSW System conforms with
{ System is as shown or: Figure 2.11.10. conducted. the basic configuration shown on Figure
En 2.11.10.
ii
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2.11.11 Station Service Air System
t

Design Description

The Station Senice Air (SA) System consists of two air compressing trains, an air receiver
'

tank, two trains of filters, piping, valves, controls and instnunentation. Figure 2.11.11
shows basic SA System configuration and scope.

r

The SA System provides compressed air for general plant use. The SA System also
provides backup to the Instrument Air (IA) System in the event that IA System pressure
is lost.

Except for the containment penetration and isolation valves, the SA System is classified i

as non-safety-related.
.

The containment penetration and isolation valves are classified as Seismic Category I.
Figure 2.11.11 shows the ASME Code class for the SA System components.

The check valve (CV) for containment isolation shown on Figure 2.11.11 has an active
safety-related function to close under system pressure, fluid flow, and temperature
conditions.

.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.11.11 provides a definition ofinspections, tests, and/or analyses, together with ;
'

associated ace:ptance criteria, which will be undertaken for the SA System.

f

,

I
?
i

i

;

,

I

|

|

Station Service Air System 2.11.11 1
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E Table 2.11.11 Station Service Air System b
& tti

inspections, Tests, Analyses and Acceptance Criteria $
{. Design Commitment inspections, Tests, Analyses Acceptance Criteria

g 1. The basic configuration of the SA System 1. Inspections of the as-built system will be 1. The as-built SA System conforms with the
,p is as shown on Figure 2.11.11. conducted, basic configuration shown on Figure
5 2.11.11.
s

2. The ASME Code components of the SA 2. A pressure test will be conducted on 2. The results of the pressure test of the
System retain their pressure b_oundary those Code components of the SA System ASME Code components of the SA
integrity under internal pressures that will required to be pressure tested by the System conform with tne requirements in
be experienced during service. ASME Code. ASME Code Section Ill.

3. The CV designated in Section 2.11.11 as 3. Tests of the installed valve for closing will 3. The CV closes.
having an active safety-related function be conducted under system
closes, under system pressure, fluid flow, preoperational pressure, fluid flow, and
and temperature conditions. temperature conditions.
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2.11.12 Instrument Air System

Design Description

The Instrument Air (IA) System consists of two air compressing trains, an air receiver
tank, two dr)ing trains, piping, valves, controls and instrumentation. Figure 2.11.12
shows the basic IA System configuration and scope. f

The 1A System provides compressed air for pneumatic equipment, valves, controls and
instrumentation outside the primary containment.

The IA System distribution piping penetrates the primary containment. During plant
operation, this line is supplied with nitrogen by the High Pressure Nitrogen Gas Supply
(HPIN) System. In the event that HPIN System pressure is lost, the IA System provides
air backup by remote manual alignment ofIA System.

1

Except for the containment penetration and isolation valves, the IA System is classified -

as non-safety-related. |

The IA containment penetration and isolation valves are classified as Seismic Category
I. Figure 2.11.12 shows the ASME Code class for the IA System piping and components.

|

The IA System containment isolation valve is powered from Class IE Division I. In the i

IA System, independence is provided between the Class IE dhision and non-Class IE

equipment.

The main control room has controls and open/close status indication for the
containment isolation valve.

The safety-related electrical equipment that provides containment isolation and is
located outside primary containment in the Reactor Building is qualified for a harsh
environment.

The motor-operated valve (MOV) shown on Figure 2.11.12 has an active safety-related
function to close and perform this function under differential pressure, fluid flow, and
temperature conditions.

The check valve (CV) for containment isolation shown on Figure 2.11.12 has an active

safety-related function to close under system pressure, fluid flow, and temperature
conditions.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.11.12 provides a definition ofinspections, tests, and/or analyses, together with
associated acceptance criteria, which will be undertaken for the IA System.

Instrument Air System 2.11.12 1
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[ Table 2.11.12 Instrument Air System b
a CD

j inspections, Tests, Analyses and Acceptance Criteria Q
Dj Design Commitment Inspections, Tests, Analyses Acceptance Criteria

{ 1. The basic configuration of the lA System 1. Inspections of the as-built IA System will 1. The as-built IA System conforms with the
j is shown on Figure 2.11.12. be conducted. basic configuration shown on Figure

2.11.12.

2. The ASME Code components of the lA 2. A pressure test will be conducted on 2. The results of the pressure test of the
System retain their pressure boundary those Code components of the IA System ASME Code components of the lA System
integrity under internal pressures that will required to be pressure tested by the conform with the requirements in ASME
be experienced during service. ASME Code. Code Section Ill.

3. The IA System containment isolation 3. 3.
valve is powered from Class 1E Division I. a. Tests will be performed on the lA a. The test signal exists in the IA System
in the IA System, independence is,.. System by providing a test signal in only when the signal is applied to the
provided between the Class 1E division only one Class 1E division at a time. division associated with the IA
and non-Class 1E equipment. System. $

b. Inspection of the as-installed Class 1E b. In the lA System, physical separation f
division in the IA System will be or electrical isolation exists between ;p
performed, the Class 1E division and non-Class 1E (

equipment.

4. Main control room displays and controls 4. Inspections will be performed on the main 4. Displays and controls exist or can be
provided for the lA System are as defined control room displays and controls for the retrieved in the main control room as
in Section 2.11.12. IA System. deiined in Section 2.11.12.

5. 5. 5.

a. The MOV designated in Section a. Tests of the installed valve for closing a. Upon receipt of the actuating signal
2.11.12 as having an active safety- will be conducted under the MOV closes.
related function closes under preoperational differential pressure, n
differential pressure, fluid flow, and fluid flow, and temperature 1
temperature conditions. conditions. {

b. The CV designated in Section 2.11.12 b. Tests of installed valve for closing will b. The CV closes. !?
as having an active safety-related be conducted under system E

E* function closes under system preoperational pressure, fluid flow, h
C pressure, fluid flow, and temperature and temperature conditions. E

conditions. 3{

. _ _ _ _ _ _ _ _ _ _ . - , _ _ _ _ _ _ - -- _ - . _ .
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2.11.13 High Pressure Nitrogen Gas Supply System

Design Description

The High Pressure Nitrogen Gas Supply (HPIN) System provides nitrogen to
pneumatic equipment inside the primary containment. Figure 2.11.13 shows the basic
HPIN System configuration and scope.

The HPIN System consists of:

(1) Two divisional systems (Divisions A and B) which are supplied from bottled
nitrogen supplies. These systems can supply nitrogen to the automatic
depressurization system (ADS) accumulators on the safety / relief valves
(SRVs).

(2) A non-divisional system that is supplied from the Atmospheric Control (AC)
System. This system can supply nitrogen to the non-ADS and ADS
accumulators on the SRVs.

The two divisional systems and the containment penetrations and isolation valves on the
non-divisional system are classified as safety-related.

During opemtion, al; SRV accumulators are supplied from the non-divisional system. If
the pressure sensor in either of the safety-related systems indicates low pressure, the
valve between that system and the non-divisional system closes and the supply valve to
the bottled nitrogen supply in that disision opens. If the pressure sensor in the non-
divisional system indicates a low pressure, the valves between the non-dhisional and the
divisional systems close.

The capacity of the bottled nitrogen supplyin each HPIN division maintains the ADS

valves in that division in an open condition for a period of at least seven days following
a design basis accident.

; The two divisional systems and the containment penetration and isolation valves in the
|

non<livisional system are classified as Seismic Category I. Figure 2.11.13 shows the
ASME Code class for the HPIN System piping and components.

Except for the isolation valves and distribution piping inside the primary containment,
| the HPIN System is located in the Reactor Building.1

Each of the two HPIN divisions is powered from the respective Class IE division as

shown on Figure 2.11.13. In the HPIN System, independence is provided between the
Class 1E divisions, and also between the Class 1E divisions and non-Class 1E equipment.

4

High Pressure Nitrogen Gas Supply System
2.11.13-1
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Outside the primary containment and except for the interconnection through the non-
divisional system, each mechanical division (Divisions A and B) is physically separated
from the other division.

The HPIN System has the following displays and controls in the main control room:

(1) Parameter displays for the sensors shown on Figure 2.11.13.

Control and status indication for the active safety-related components showTi(2)
on Figure 2.11.13.

The safety-related electrical equipment shown on Figure 2.11.13 located in the Reactor
Building is qualified for a harsh emironment.

The motor-operated valves (MOVs) shown on Figure 2.11.13 have active safety-related
functions to open, close, or both open and close, .ind perform thes . functions under
differential presture, fluid flow, and temp: ui- conditions.

The check valves (CVs) shown on Figu .e 2.11.13,i: ave active safety-related functions to

both open and close under system pressure, fluid flow, and temperature conditions.

Inspections, Tests, Analyses and Acceptance Criteria

Tabic 2.11.13 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the HPIN System.

O
I
l

High Pressure Nitrogen Gas Supply system
2.11.13-2
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Table 2.11.13 High Pressure Nitrogen Gas Supply System

i Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the HPIN 1. Inspections of the as-built system will be 1. The as-built HPIN System conforms with
System is as shown on Figure 2.11.13. conducted. the basic configuration shown on

Figure 2.11.13.

2. The ASME Code components of the HPIN 2. A pressure test will be conducted on 2. The results of the pressure test of the
System retain their pressure boundary those Code components of the HPIN ASME Code components of the HPIN
integrity under internal pressures that will System required to be pressure tested by System conform with the requirements in
be experienced during service. the ASME Code. ASME Code Section 111.

3. If the pressure sensor in either of the 3. Tests will be conducted on each division 3. If the pressure sensor in either of the
safety-related systems indicates low of the as-built HPIN System using safety-related systems indicates low
pressure, the valve between that system simulated pressure signals. pressure, the valve between that system
and the non-divisional system closes and and the non-divisional system closes and
the supply valve to the bottled nitrogen the supply valve to the bottled nitrogen y
supply in that division opens. supply in that division opens.

4. If the pressure sensor in the non- 4. Tests will be conducted on the as-built 4. If the pressure sensor in the non- g
divisional system indicates a low HPIN System using simulated pressure divisional system indicates a low "4

pressure, the valves between the non- signals. pressure, the valves between the non- 4

divisional and the divisional systems divisional and the divisional systems
close. close.

x 5. The capacity of the bottled nitrogen in 5. Analyses of the installed HPIN will be 5. The capacity of the bottled nitrogen in
$ each HPIN division maintains the ADS performed. The analyses will consider each HPIN division maintains the ADS
g valves in that division in an open nitrogen leakage from the ADS actuators valves in that division in an open
||: condition for a period of at least seven when maintaining the ADS valves open. condition for a period of at least seven
! days following a design basis accident. Leakage from HPIN components when the days following a design basis accident.
$ system is in this mode will also be n
J considered. The analyses will compare 3
3 the total storage capacity in each division $
y with the total Ieakage that occurs in a g
p seven day pen,od.

$g
3{ ilt# E
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g Table 2.11.13 High Pressure Nitrogen Gas Supply System (Continued) b
CD

#

g Inspections, Tests, Analyses and Acceptance Criteria g
f Design Commitment inspections, Tests, Analyses Acceptance Criteria %

$ 6. Each of the two HPIN divisions is powered 6. 6.

J from the respective Class 1E division as
a. Tests will be performed in the HPIN a. The test signal exists only in the Class

3 shown on Figure 2.11.13. In the HPIN System by providing a test signal in 1E division under test in the HPIN
{ System, independence is provided only one Class 1E division at a time. System.
m between Class 1E divisions, and between
E Class 1E divisions and non-Class 1E b. Inspections of the as-installed Class b. In the HPIN System, physical
A equipment. 1E divisions in the HPIN System will separation or electrical isolation exists

{ be performed. between Class 1E divisions. Physical
3 separation or electricalisolation exists
* between these Class 1E divisions and

non-Class 1E equipment.

7. Outside the primary containment and 7. Inspections of the as-built HPIN System 7. Outside the primary containment and
except for the interconnection through will be conducted. except for the interconnection through N

the non-divisional system, each the non-divisional system, each
mechanical division (Divisions A and B) of mechanical division (Divisions A and B) of y

the HPIN System is physically separated the HPIN System is physically separated iP
from the other division. from the other division by structural (

'nd/or fire barriers.

8. Main control room displays and controls 8. Inspections will be performed on the main 8. Displays and controls exist or can be
provided for the HPIN System are as control room displays and controls for the retrieved in the main control room as
defined in Section 2.11.13. HPIN System. defined in Section 2.11.13.

9. 9. 9.

a. MOVs designated in Section 2.11.13 a. Tests of installed valves for opening, a. Upon receipt of the actuating signal,
as having an active safety-related closing, or both opening and closing each MOV opens, closes, or both
function open, close, or both open will be conducted under opens and closes, depending upon p
and close under differential pressure, preoperational differential pressure, the valve's safety functions. g
fluid flow, and temperature fluid flow, and temperature g
conditions. conditions.

Y
9 a:
.: $
C1 m.
e, !!!.
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t Table 2.11.13 High Pressure Nitrogen Gas Supply System (Continued) b
tu"

4 inspections Tests, Analyses and Acceptance Criteria
s

Design Commitment inspections, Tests, Analyses Acceptance Criteria

b. CVs designated in Section 2.11.13 as b. Tests of installed valves for both b. Based on the direction of the
having an active safety-related opening and closing, will be differential pressure across the valve,
function both open and close, under conducted under system pre- each CV both opens and closes,
system pressure, fluid flow, and operational pressure, fluid flow, and
temperature conditions. temperature conditions.
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2.11.14 Heating Steam and Condensate Water Return System

No entry for this system.
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2.11.15 House Boiler !

No entry for this system.
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2.11.16 Hot Water Heating System

No entry for this system.
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Hot Water Heating System g , y, pg.7q
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2.11.17 Hydrogen Water Chemistry System

No entry for this system.
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2.11.18 Zine injection System

No entry for this system. i
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's 2.11.19 Breathing AirSystem !

No entry for this systern.
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2.11.20 Sampling System

Design Description <

The Sampling (SAM) System obtams samples from systems throughout the plant. A part
!of the SAM System is a post-accident sampling system (PASS). The PASS takes post-

accident gas samples from the primary containment and reactor coolant samples for
analysis. The PASS collects samples during and after an accident and is shielded and

'

r emotely operated.

The PASS collects reactor coolant samples for measurement of boron and
i

radionuclides (noble gases, iodines, c esiums and non-volatile isotopes),

The SAM System and PASS are classified as non safety-related.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.11.20 provides a definition of the inspecdons, tests, and/or analyses, together'

with associated acceptance criteria, which will be undertaken for the SAM System.
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E Table 2.11.20 Sampling System b
036

& !nspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections,lests, Analyses Acceptance Criteria

1. The basic configuration of the SAM 1. Inspectior's of the as-built system will be 1. The as-built SAM System conforms with
System is as described in Section 2.11.20. conducted. the basic configuration described in

Section 2.11.20.

2. The PASS collects samples of 2. A test of the as-built PASS will be 2. Containment gas and reactor coolant
containment gases and reactor coolant. conducted to obtain samples. samples are collected by the PASS.
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2.11.21 Freeze Protection System

No entry for this system.

.

1

I
e

l

|

|

1

|
|
1

l

l

,

. !

|

Freeze Protection System 21121-V2



__ . - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ ._ __. __

1
1

2SA5447 kev. 2 1
|

ABWR certisedcesiga nterist
|

2.11.22 fron injection , stem

No entry for this system.
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2.11.23 Potable and Sanitary Water System

iDesign Description

The Potable and Sanitary Water (PSW) System prosides water to the Reactor Building,
'

Control Buihling, Turbine Building, Radwaste Building and Senice Building and
collects liquid sanitary wastes and entraiaed solids and conveys them to a sewage facility
and then to a sir- discharge structure. Nonradioactive drain subsystems throughout the

plant collect ' adioactive waste water and convey it to the site discharge structure.

Water is su;., Ed to the PSW System by the Makeup Water Preparation System.

| Those parts of the PSW System that are within the Reactor Building, Control Building,
Turbine Building, Radwaste Building and Senice Building are within the Certified
Design. Those parts of the PSW System that are outside these buildings are not within
the scope of the Certified Design. ,

The PSW System is classified as nonsafety-related.

The PSW System has no interconnections with radioactive systems having the potential
for transferring radioactive materials into the PSW System.

\ Interface Requirements
The portions of the PSW System which are not part of the Certified Design shall meet
the following requirement-

None for this system.*

Inspections, Tests, Analyses and Acceptance Criteria

Tatale 2.11.23 provides a definition of the inspections, tests, and/or analyses, together
with associated accept:mcc cnteria, which will be undertaken for the portions of the
PSW System within the Certified Design.

|

\

L

Potable and sanitsty Water system 2.11.23-1
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{ Table 2.11.23 Potable and Sanitary Water System b
t|t3,

d Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance C. .co.a

The as-built PSW System confbrms with1. The basic configuration for the PSW 1. Inspections of the as built system will be 1.
,

[ System is as described in Section 2.11.23. conducted. the basic configuration described in
Section 2.11.23.

,

2. The PSW System has no interconnections 2. Tes;s will be conducted on the as-built 2. No water inleakage from the radioactive
with radioactive systems having the nonra "cactive drain system by drains in to the PSW System is observed.
potential for transferring radioactive pressurizing radioactive floor drains with
materials into the PSW System. water and observing the nonradioactive

drains for evidence of inleakage from the
radioactive floor drains.
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2.12.1 Electrical Power Distribu'' n System

Design Description

The AC Electrical Power Disuibution (EPD) System consists of the transmission
network (TN), the plant switching stations, the Main Power Transfonner (MPT), the
Unit Auxiliary Transformers (UAT), the Reserve Auxiliary Transformer (s) (RATS), the
plant main generator (PMG) output circuit breaker, the medium voltage metal-clad
(M/C) switchgear, the low voltage power center (P/C) switchgear, and the motor
control centers (MCCs). The distribution system also includes the power,
instrumentation and control cables and bus ducts to the distribution system loads, and

the protection equipment prosided to protect the distribution system equipment.The
EPD System within the scope of the Certified Design starts at the low voltage terminals.

of the MPT and the low voltage terminals of the RAT (s) and ends at the distribution

| system loads. Interface requirements for the TN, plant switching stations, MPT, and
RAT (s) are specified below.

The plant EPD System can be supplied power from multiple power sources; these are

| independent transmission lines from the TN, the PMG, and the combustion turbine
generator (CTG). In addition, the EPD System can be supplied from three onsite Qass
1E Standby Power Sour ces (Emergency Diesel Generators (DGs)). The Class IE portion 1

of the EPD System is shown in Figure 2.12.1.

During plant power operation, the PMG supplies power through the PMG output
circuit breaker through the MPT to the TN, and to the UATs. When the PMG output
circuit breaker is open, power is backfed from the TN through the MPT to the UATs.

The UATs can supply power to the non-Class 1E load groups of medium voltage M/C
power generation (PG) and plant investment protection (PIP) switchgear, and to the J.

three Class 1E disisions (Division I, II, and III) of medium voltage M/C switchgear.
I

The RAT (s) can supply power to the non-Class IE load groups of medium voltage M/C
PG and PIP switchgear, and to the three Class IE divisions (Dhision I, II, and III) of
medium voltage M/C switchgear.

Non Class 1E load groups of medium voltage M/C switchgean a.e supplied power from
a UAT with an alternate power supply from a RAT. In additim., the non-Class IE
medium voltage M/C switchgear can be supplied power from the CTG.

Class 1E medium voltage M/C switchgear are supplied power diiectly (not through any
bus supplying non-Class IE loads) from a UAT or a RAT. Class 1E medium voltage M/C
switchgear can also be supplied power from their own dedicated Class IE DG or from
the non-Class IE CTG.

,,

!

Electrical Power Distributiort System 2.12.1 1
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The UATs are sized to supply their load requirements, during design operating modes,
of their respective Class 1E divisions and non-Class lE load groups. UATs are separated
from the RAT (s). In addition, UATs are provided with their own oil pit, drain, fire
deluge system, grounding, ar.d lightning protection system.

The PMG, its output circuit breaker, and UAT power feeders are separated from the
RAT (s) power feeders. The PMG, its output circu;t breaker, and UAT instnimentation
and control circuits, are separated from the RAT (s) instrumentation and control
circuits.

The MPT and its switching station instnimentation and control circuits, from the
switchyard (s) to the main contrcel room (MCR), are separated from the MT(s) and its
switching station mstnimentation and control circuits.

The medium voltage M/C switchgear and low voltage P/C switchgear, with their
respective transfonners, and the low voltage MCCs are sized to supply their load
requirements. M/C and P/C switchgear, and MCCs are rated to withstand fault currents
for the time required to clear the fault from the power source. The PMG output circuit
breaker, and power feeder and load circuit breakers for the M/C and P/C switchgear,

( and MCCs are sized to supply their load requirements and are rated to interrupt fault
currents.

Class IE equipment is protected from degraded voltage conditions.
|

EPD System interrupting devices (circuit breakers and fuses) are coordinated so that

| the circuit intemipter closest to the fault opens before other devices.

Instnamentation and control power for the Class IE disicional medium voltagc M/C
switchgear and low voltage P/C switchgear is supplied from the Class 1E DC power
system in the same division.

The PMG output circuit breaker is equipped with redundant trip devices which are
supplied from separate, non-Class 1E DC power systems.

EPD System cables and bus ducts at e sired to supply their load requirements and are
rated to withstand fault currents for the time required to clear the fault from its power
sour ce.

1
'

For the EPD System, Class 1 E power is supplied by three independent Class 1E divisions.
Independence is maintained between Class 1E disisions, and also between Class 1E I

divisions and non-Class IE equipment.
I

There are no automatic connections between Class IE divisions.

2.12.1-2 Electrical Power Distribution Systern
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Class 1E medium voltage M/C switchgear and low voltage P/C switchgear and MCCs are
identified according to their Class IE division. Class IE M/C and P/C switchgear and
MCCs are located in Seismic Category I structures and in their respective divisional

t

areas.

IClass IE EPD System cables and raceways are identified according to their Class IE
division. Class 1E dhisional cables are routed in Seismic Category I structures and in

their respective divisional raceways.
'

Ilannonic Distortion waveforms do not prevent Class 1E est. 9 ment from performing
their safety functions.

The EPD System supplies an operating voltage at the terminals of the Class IE
,

utilization equipment that is within the utilization equipment's voltage tolerance limits.

An electrical grounding system is provided for (1) instrumentation, control, and
computer systems, (2) electrical equipment (switchgear, distribution panels, and
motors) and (3) mechanical equipment (fuel and chemical tanks). Lightning
protection systems are provided for buildings and for structures and transformers

e located outside of the buildings. Fach grounding system and lightning protection

( system is separately grounded to the plant ground grid.
'

The EPD System has the following alarms, displays and controls in the MCR:

(1) Alarms for degraded voltage on Class IF medium altage M/C switchgear.

(2) Parameter displays for PMG output veltage, amperes, watts, vars, and
frequency.

(3) Parameter displays for EPD System medium voltage M/C switchgear bus
voltages and feeder and load amperes.

(4) Controls for the PMG output circuit breaker, medium voltage M/C switchgear
feeder circuit breakers, load circuit breakers from the medium voltage M/C
switchgear to their respective low voltage P/C switchgear, and low voltage
feeder circuit breakers to the low voltage P/C switchgear.

(5) Status indication for the PMG output circuit breaker and the medium voltage
iM/C switchgear circuit breakers.

IThe EDP System has the following displays and controls at the Remote Shutdown
|System (RSS):

( (1) Parameter displays for the bus voltages on the Class IE Dhisions I and II
medium voltage M/C switchgear.

Electrical Power Distribution System 2.t2.1-3
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(2) Controls and status indication for the UAT, RAT (s), CTG and DG Class IE

feeder circuit breakers to the Division I and Il medium voltage M/C
switchgear, the load circuit breakers from the Class IE Division I and II
medium voltage M/C switchgear to their respective low voltage P/C
switchgear, and the low voltage feeder circuit breakers to the Class IE Division
I and II low vchage P/C switchgear.

Class 1E equipment is classified as Seismic Category I.

Class IE equipment which is located in areas designated as harsh emironment areas is
qualified for harsh emironments.

Interface Requirements

The portions of the EPD System which are not part of the Certified Design shall meet
the following requirements:

The offsite systera shall consist of a minimum of two independant offsite transmission
circuits from the TN.

Voltage variations of thc offsite TN during steady state operation shall not cause voltage
variations at the loads of more than plus or minus 10% of the loads nominal ratings. j

The nonnal steady state frequency of the ofTsite TN shall be within plus or minus 2 hertz
of 60 hertz during recoverable periods of system instability.

The offsite transmission circuits from the TN through and including the main step-up
power transfonners and RA'I (s) shall be sized to supply theirload requirements, during
all design operating modes, of their respective Class IE divisions and non-Class 1Eload
groups.

The irnpedances of the main step-up power transformers and RAT (s) shall be
compatible with the interrupting capability of the plant's circuitinterrupting devices.

The independance of offsite tansmission power, instrumentation, and control circuits
shall be compatible with the portion of the offsite transmission power, instrumentation,
and control circuits within GE's design scope.

Instrumentation and control system loads shall be compatible with the capacity and
capability design requirements of DC systems within GE's design scope.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.12.1 provides a definition of the inspections, tests, and/or analyses, together
with ar.sociated acceptance criteria, which will be undertaken for the EPD System.

|

2.12.1-4 Dectrical Power Distribution System
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U Table 2.12.1 Electric Power Distribution System b
U D||
6 Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration for the EPD 1. Inspection of the as-built system will be 1. The as-built EPD System conforms with
System is described in Section 2.12.1. conducted. the basic configuration described in

Section 2.12.1.

2. UATs are sized to supply their load 2. Analyses for the as-built UATs to 2. Analyses for as-built UATs exist and
requirements, during design operating determine their load requirements will be conclude that UAT capacity, as
modes, of their respective Class 1E performed. determined by its nameplate rating,
divisions and non-Class 1E load groups. exceeds its analyzed load requirements,

during design operating modes, for its
Class 1E division and non-Class 1E load
group.

3. UATs are separated from the RATish 3. Inspections of the as-built UATs will be 3. As built UATs are separated frcm the
conducted. RAT (s) by a minimum of 15.24m. g

b
4. UATs are provided with their own oil pit, 4. Inspections of the as-built UATs will be 4. As-built UATs are provided with their own {

drain, fire deluge system, grounding, and conducted. oil pit, drain, fire deluge system, ;
lightning protection systems. grounding, and lightning protection 2

Nsystems.

5. The PMG and its output circuit breaker is 5. Inspections ior the as-built PMG, the PMG 5. As-built PMG and its output circuit
separated from the RAT (s) power feeders. output circuit breaker, the RAT (s) and their breaker is separated from the RAT (s)
The PMG and its output circuit breaker respective instrumentation and control power feeders by a minimum of 15.24m,
instrument and control circuits are circuits will be conducted. or by walls or floors. The PMG and its

| ,,, separated from the RAT (s) output circuit breaker instrument and

{ instrumentation and control circuits. control circuits are separated from the
g RAT (s) instrumentation and control

circuits by a minimum of 15.24m, or byg n
walls or floors outside the MCR, and are Qg
separated by routing the circuits in ji~

@ separate raceways inside the MCR. g
s R
E e
g :=
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.
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;;; Table 2.12.1 Electric Power Distribution System (Continued) b
4

CD{ inspections, Tests, Analyses and Acceptance Criteria g
& Design Commitment inspections Tests, Analyses Acceptance Criteria %
%
; 6. UATs power feeders, and instrumentation 6. Inspections for the as-built UATs and 6. As-built UAT power feeders are separated
E and control circuits are separated from RAT (s) power feeders, and from the RAT (s) power feeders by a

( the RAT (s) output power feeders, arid instrumentation and control circuits will minimum of 15.24m, or by walls or floors,
g. instrumentation and control circuits. be conducted. except at the switchgear, where they are
$ routed to opposite ends of the medium
i voltage M/C switchgear. As-built UAT
3 instrumentation and control circuits, are

separated from the RAT (s)
instrumentation and control circuits by a
minimum of 15.24m, or by walls or floors,
except as follows: a) at the non-Class 1E
DC power sources, where they are routed
in separate raceways, b)inside the MCR, y

where they are separated by routing the E
circuits in separate raceways, and c) at the k
switchgear, where they are routed to 5
opposite ends of the medium voltage M/C E

*switchgear and routed in separate
raceways inside the switchgear.

7. The MPT and its switching station 7. Inspections for the as-built MPT and 7. As-built MPT and its switching station
instrumentation and control circuits are RAT (s) and their respective switching instrumentation and control circuits,
separated from the RAT (s) and its station instrumentation and control from the switchyard (s) to the MCR, are
switching station instrumentation and circuits will be conducted. separated from the RAT (s) and its
control circuits. switchin0 station instrumentation and

control circuits by a minimum of 15.24m. |
or by walls or floors. MPT and its n
switching station instrumentation and E
control circuits, inside the MCR, are EP

separated from the RAT (s) and its $
switching station instrumentation 3
andcontrol circuits by routing the circuits T

p in separate raceways. $
C E
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t Table 2.12.1 Electric Power Distribution System (Continued) b
9 ms Inspectio:is, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria D
8. Medium voltage M/C switchgear, low 8. 8.

voltage P/C switchgear, with their
a. Analyses for the as-built EPD System a. Analyses for the as-built EPD Systemrespective transformers, and MCCs, and to determine load requirements will exist and conclude that the capacities

their respective spitchgear and MCC be performed. of the Class 1E switchgear, P/C
feeder and load circuit breakers are sized

,

transformers, MCCs, and their
to supply their load requirements. respective feeder and load circuit

breakers, as determined by their
nameplate ratings, exceed their
analyzed load requirements.

b. Tests of the as-built Class 1E M/C and b. Connected Class 1E loads operate in
P/C switchgear and MCCs and their the ranges of 9% to 10% above and
respective load circuit breakers will be 9% to 10% below design voltage. y
performed by operating connected K
Class 1E loads in the ranges of 9% to {
10% above and 9% to 10% below ;
design voltage. ?!

%

9. 9. 9.

a. Medium voltage M/C switchgear, low a. Arnlyses for the as-built EPD System a. Analyses for the as-built EPD System
voltage P/C switchgear and MCCs, are to determine fault currents will be exist and conclude that the Class 1E
rated to withstand fault currents for performed. switchgear and MCC, current

.O the time required to clear the fault capacities exceed their analyzed fault
,S from its power source. currents for the time required, as
t determined by the circuit interrupting
@ device cooroination analyses, to clear {( the fault from its power source. Eii
9 E.
I ?
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; Table 2.12.1 Electric Power Distribution System (Continued) Ih
a -- g
{ inspections, Tests, Analyses and Acceptance Criteria g
& Design Commitment inspections, Tests, Analyses Acceptance Criteria M
E

9. (continued) 9. (continued) 9. (continued)

i b. The PMG output circuit breaker, b. Analyses for the as-built EPD System b. Analyses for the as-built EPD System
$ medium voltage M/C switchgear, low to determine fault currents will be exist and conclude that the analyzed
i voltage P/C switchgear and MCC performed. fault currents do not exceed the PMG

{ feeder and load circuit breakers are output circuit breaker, and M/C, P/C
a rated to interrupt fault currents switchgear, and MCC feeder and load
3 circuit breakers interrupt capacities,

as determined by their nameplating
ratings.

10. Class 1E equipment is protected from 10. 10.
degraded voltage conditicn= a. Analyses for the as-built EPD System a. Analyses for the as-built EPD System

to determine the trip conditions for exist and conclude that the Class 1E N
5degraded voltage conditions will be preferred offsite power feeder

performed. breakers to the Class 1E M/C k
switchgear will trip before Class 1E $
loads experience degraded voltage (
conditions exceeding those voltage
conditions for which the Class 1E
equipment is qualified.

b. Tests for each as-built Class 1E M/C b. As-built Class 1E feeder breakers from
switchgear will be conducted by preferred offsite power to the Class 1E
providing a simulated degraded M/C switchgear trip when a degraded
voltage signal. voitage condition exists.

11. EPD System interrupting devices (circuit 11. Analyses for the as-built EPD System to 11. Analyses for the as-built EPD System exist n
breakers and fuses) are crordinated so determine circuit interrupting device and conclude that the analyzed circuit g
that the circuit interrupter closest to the coordination will be performed. interrupter closest to the fault will open g
fault opens before other devices. before other devices. g

3g
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t Table 2.12.1 Electric Power Distribution System (Continued) b
9 g
{ Inspectior s, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria 32

12. Instrumentation and control power for 12. Tests of the as-built Class 1E medium and 12. A test signal exists in only the Class 1E
Class 1E divisional medium voltage M/C low voltage switchgear will be conducted division under test.
switchgear and low voltage P/C by providing a test signal in only one
switchgear is supplied from the Class 1E Class 1E division at a time.
DC power system in the same division.

13. The PMG output circuit breaker is 13. Tests of the as-buil: PMG output circuit 13. A test signal exists in only the circuit
equipped with redundant trip devices breaker will be conducted by providing a under test.
which are supplied from separate non- test signal in only one trip circuit at a
Class 1E DC power systems. time.

14. EPD Syrtem cables and bus ducts are 14. Analyses for the as-built EPD System 14. Analyses for the as-built EPD System exist
sized to supply their load requirements. cables and bus ducts will be performed. and conclude that cable and bus duct

capacities, as determined by cable and ,,

bus duct ratings, exceed their analyzed $
load requirements. t

~

15. EPD System cables and bus ducts are 15. Analyses for the as-built EPD System to 15. Analyses for the as-built EPD System exist R'

rated to withstand fault currents for the determine fault currents will be and conclude that cables and bus ducts $
time required to clear its fault from its performed. will withstand the analyzed fault currents
power source. for the time required, as determined by

the circuit interrupting device
coordination analyses, to clear the faults
from their power sources.

E
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p Table 2.12.1 Electric Power Distribution System (Continued) b
2 CD
g inspections, Tests, Analyses and Acceptance Criteria g
? Design Commitment inspections, Tests, Analyses Acceptance Criteria 23
4

[ 16. For the EPD System, Class 1E power is 16. 16.

g supplied by three independent Class 1E a. Tests on the as-built EPD System will a. A test signal exists in only the Class
g dmssons. Independence is maintained be conducted by providing a test 1E division under test in the EPD

between Class 1E dms, ions, and betweeng signal in only one Class 1E division at System.
Class 1E d,ivisio,s and non-Class 1E, a time.

I equipment.
a. In the EPD System, physicaly

a. Inspections of the as-built EPD separation or electrical isolation exists
System Class 1E divisions will be between Class 1E divisions. Physical
conducted. separation or electrical isolation exists

between these Class 1E divisions and
non. Class 1E equipment.

17. Class 1E medium voltage M!C switchgear 17. Inspections of the as-built EPD System 17. As built Class 1E M/C and P!C switchgear, 3
band low voltage P/C switchgear and MCCs Class 1E M/C and P/C switchgear and and MCCs are identified according to their
kare identified according to their Class 1E MCCs will ba conducted. Class 1E division,

division. 5
s

18. Class 1E M/C and P/C switchgear and 18. Inspections of the as-built Class 1E M/C 18. As-built Class 1E M/C and P/C switchgear, 4

MCCs are located in Seismic Category I and P/C switchgear and MCCs will be and MCCs are located in Seismic
structures and in their respective conducted. Category I structures and in ' heir
divisional areas. respective divisional areas.

19. Class 1E EPD System cables and 19. Inspections of the as-built Class 1E EPD 19. As-built Class 1E EPD System cables and
raceways are identified according to their System cables and raceways will be raceways are identified according to their
Class 1E division. conducted. Class 1E division.

20. Class 1E divisional cables are routed in 20. Inspection of the as-built Class 1E EPD 20. As-built Class 1E divisional cables are
Seismic Category I structuras and in their System divisional cables and raceways routed in Seismic Category I structures p
respective divisional raceways. will be conducted. and in their respective divisional g

raceways. E
ts

21. Harmonic Distortion waveforms do not 21. Analyses for the as-built EPD System to 21. Analyses for the as-built EPD System exist a
prevent Class 1E equipment from determine harmonic distortions will be and conclude that harmonic distortion T

9 performing their safety functions. perfnrmed. waveforms do not exceed 5% voltage it*s distortion on the Class 1E EPD System. y
? :2
O P

m __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - - ._ __ _ _ _ . _ _ _ _ __ _._._ __._ __
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t Table 2.12.1 Electric Power Distribution System (Continued) b
N 03
I inspections, Tests, Analyses and Acceptance Criteria
o

Design Commitment inspections, Tests, Analyses Acceptance Criteria

22. The EPD System supplies an operating 22. Analyses for the as-built EPD System to 22. Analyses for the as-built EPD System exist
voltage at the terminals of the Class 1E determine voltage drops will be ano conclude that the analyzed operating
utilization equipment that is within the performed. voltage supplied at the temlinals of the
utilization equipment's voltage tolerance Class 1E utilization equipment is within j
limits. the utilization equipment's voltage I

'

tolerance limits, as determined by their
nameplate ratings.

23. An electrical grounding system is 23. Inspections of the as-built EPD System 23. The as-built EDP System
provided for (1) instrumentation, control, plant Groundiag and Lightning instrumentation, control, and computer
and computer systems, (2) electrical Protection Systems will be conducted. grounding system, electrical equipment
equipment (switchgear, distribution and mechanical equipment grcunding
panels, and motors) and (3) mechanical system, and lightning protection systems
equipment (fuel and chemical tanks). provided for buildings and for structures M
Lightning protection systems are and transformers located outside of the h
provided for buildings and for structures buildings are separately grounded to the t i

'

{L
and transformers located outside of the plant ground grid.
buildings. Each grounding system and
lightning protection system is separately
grounded to the plant ground grid.

24. MCR alarms, displays and controls 24. Inspections will be conducted on the MCR 24. Displays and controls exist or can be
provided,for the EPD System are as alarms, displays and controls for the EPD retrieved in the MCR as defined in Section
defined in Section 2.12.1. System. 2.12.1.

S
3 25. RSS displays and controls provided for 25. Inspections will be conducted on the as- 25. Displays and controls exist or can be
g the EPD System are as defined in Section built RSS displays and controls for the retrieved on the RSS as defined in Section

g 2.12.1. EPD System. 2.12.1. p
$., B.=
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2.12.2 Unit Auxiliary Transformer |

No entry. Covered in Section 2.12.1.
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| 2.12.3 Isolated Phase Bus
'

;

No entry. Covered in Section 2.12.1.

1
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isolated Phase Bus 2.12.3-1/2
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2.12.4 Nonsegregated Phase Bus

No entry. Covered in Section 2.12.1.
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2.12.5 Metal Clad Switchgear '

No entry. Covered in Section 2.12.1.
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2.12.6 Power Center

No entry. Covered in Section 2.12.1.

;
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2.12.7 Motor Control Center
'No enuy. Covered in Section 2.12.1.
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2.12.8 Raceway System

No entry. Covered in Section 2.12.1.

I

|

|

i

Racaway System 2.12.8-1/2
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2.12.9 Grounding Wire

No entry. Covered in Section 2.12.1.
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2.12.10 Electrical Wiring Penetration

Design Description

Electdcal penetrations are pro ided for electrical cables passing through the primary
containment.

Electrical penetrationf are classified as safety-related.

Electrical penetrations are protected against overcurrent.

Electrical penetrations are classified as Seismic Category I.

Divisional electrical penetrations only contain cables of one Class IE division.
Independence is provided between divisional electdcal penetrations and also between
divisional electrical penetrations and penetrations containing non-Class IE cables.

.

Electdcal penetrations are qualified for a harsh emironment.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.12.19 provides a definition of the inspections, tests, and/or analyses, together
s

with the associated acceptance criteria, which will be undertaken for the Electdcal

Wiring Penetrations.

!

(
(

Electrical Wiring Penetration 2.12.10-1

!

l

!



E- Table 2.12.10 Electrical Wiring Penetration b
__ Ct3

k inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria '

1. The basic configuration of the Electrical 1. Inspections of the as-built Electrical 1. The as-built Electrical Wiring Penetration
Wiring Penetration is described in Section Wiring Penetration will be conducted. conforms with the basic configuration
2.12.10. described in Section 2.12.10.

2. Electrical penetrations are protecte.1 2. Analyses for the as-built electrical 2. Analyses for the as-built electrical
against overcurrent, penetrations and protective features will penetrations and protective features exist

be performed to assure the penetrations and conclude either 1) that the maximum
are protected against overcurrent. overcurrent of the circuits does not

exceed the continuous current rating of
the penetration, or 2) that the circuits
have redundant overcurrent protective
devices in series and that the redundant
overcurrent protection devices are g
coordinated with the penetration's rated y:

short circuit thermal capacity data and {
prevent overcurrent from exceeding the ;
continuous current rating of the electrical 2
penetrations. 4

3. Divisional electrical penetrations only 3. Inspections of the as-built divisional 3. As-built divisional electrical penetrations
contain cables of one Class 1E division. electrical penetrations will be conducted. only contain cables of one Class 1E

division.

4. Independence is provided between 4. Inspections of the as-built electrical 4. Physical separation exists between as-
divisional electrical penetrations and penetrations will be conducted. built dNisional electrical penetrations.
between divisional electrical penetrations Physical separation exists between these
and penetrations containing non-Class 1E divisional electrical penetrations andy

[ cables. penetrations containing non-Class 1E p
g. cables. g

4 g.
;P =
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2.12.11 Combustion Turbine Generator ,

Design Description
,

The Combustion Turbine Generator (CTG) is a selfcontained unit with its owm
supporting auxiliary systems. The CTG functions as an alternate AC power source.

The CTG is classified as non-safety-related.

The CTG can supply power to the non-Class IE plant investment protection (PIP)
busses or to the Class IE dhisional busses. The CTG capacity to supply power is at least

as large as the capacity of an emergency diesel generator (DG). The CTG is located in
a non-safety-related area of the plant.

The CTG has the following displays and controls in the main control room (MCR):

(1) Parameter displays for the CTG output voltage, amperes, kVA, and frequency.

(2) Controls for manually initiating the CTG. ,

inspections, Tests, Analyses and Acceptance Criteria
t' Table 2.12.11 provides a definition of the inspections, tests, and/or analyses, together

with associated acceptance criteria, which will be undertaken for the CTG.
.

!

|

|

I

|

t

Combustion Turbine Generator 2.12.11 1 |
|

l

I



U Table 2.12.11 Combustion Turbine Generator b
El 123

& Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the CTG is 1. Inspections of the as-built CTG will be 1. The as-built CTG conforms with the basic
described in Section 2.12.1. conducted, configuration described in Section

2.12.11.

2. The CTG can supply power to the non- 2. Tests on the as-built CTG will be 2. The as-built CTG can supply power to the
Class 1E busses or to the Class 1E conducted by connet ting the CTG to the non-Class 1E PIP busses or to the Class 1E
divisional busses. non-Class 1E PIP bus a and to the Class divisional busses.

1E divisional busses.

3. The CTG capacity to supply power is at 3. Inspections of the as-built CTG and DGs 3. The as-built CTG capacity to supply power
least as large as the capacity of a DG. will be conducted. is at least as large as the capacity of a DG,

as determined by the CTG and DG
nameplate ratings.

9
4. MCR displays and controls provided for 4. Inspections will be conducted on the MCR 4. Displays and controls exist or can be g

the CTG are as defined in Section 2.12.11. displays and controls for the CTG. retrieved in the MCR as defined in Section {
2.12.11. s
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2.12.12 Direct Current Power Supply
,

Design Description

The Direct Current Power Supply consists of Class IE and non-Class IE batteries, battery

chargers, and their respective direct current (DC) distribution panels, motor control
centers (MCC), power, and instrumentation and control cables to the distribution
system loads. The DC distribution system also includu the protection equipment
provided to protect the DC distribution equipment. ' ws IE Direct Current Power -

,

Supplyand its connections to the Electrical PowerI' tri ' .. (EPD) System are shown

on Figure 2.12.12.

The Class 1E DC electrical power distribution system consisa of four Class IE dhisions :

(Divisions I, II, III, and IV) of batteries with their respective DC electrical distribution |
panels, DG MCCs, if provided 1or tuotor loads, and battery chargers. The Class IE DC
distribution system provides DC power to Class 1E DC equipment and instntmentation

'

and control circuits.

The non-Class 1E DC electrical power distribution system consists of non-Class IE
ibatteries with their respective DC electrical distribution panels, DC MCC,if provided for

motor loads, and battery chargers. The non-Class 1E DC distribution system prosides
'

DC power to non-Class 1E DC equipment and instrumentation and control circuits.

Except for Division IV, each Class 1E divisional (Divisions I,II, and III) battery is
provided with a normal battery charger supplied alternating current (AC) power from
a MCC in the same Class IE division as the battery. The Dhision IV nonnal battery

charger is supplied AC power from a Division II MCC. There are no automatic
connections between Class 1E divisions. Interlocks are provided to prevent manual

paralleling between Class 1E divisions.

Each Class 1E battery is sized to supply its design loads, at the endef-installed-life, for a
minimum of 2 hours without recharging.

Each Class IE normal battery charger is sized to supply its respective Class 1E division's
normal steady-state loads while charging its respective Class IE battery.

The Class IE battery, and battery charger circuit breakers, and DC distribution panels,
MCCs, and their circuit breakers and fuses are sized to supply their load requirements.
The Class IE battery, battery charger, and DC distribution panels, and MCCs are rated
to withstand fault cun ents for the time required to clear the fault from its power source.
Circuit breakers and fuses in Class 1E battery, battery charger, DC distribution panel, !
and MCC circuits are rated to interrupt fault currents.

i

!

|
Direct Current Power Supply 2.12.12-1 j

|

1
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O:
Class IE DC electrical distribution system circuit intermpting devices (circuit breakers
and fuses) are coordinated so that the circuit interrupter closest to the fault opens

'

before other devices.

Class 1E DC electrical distribution system cables are sized to supply their load
requirements and are rated to withstand fault currents for the time required to clear the
fault from its power source.

The Class IE DC electrical distribution system supplies an operating voltage at the
terminals of the Class 1E utilization equipment that is within the utilization equipment's
voltage tolerance limia.

Each Class 1E battery is located in a Seismic Categog I structur e and in its respective
dhisional batteg room.

Class IE DC distribution panels and MCCs are identified according to their Class 1E
dhision and are located in Seismic Categog I structures and in their respective
divisional areas.

Class IE DC distribution system cables and raceways are identified according to their
Class IE dhision. Class 1E divisional cables are routed in Seismic Categog I structures
and in their respective dhisional raceways.

For the Class 1E DC electrical distribution system, independence is provided between
Class IE dhisions, and also between Class IE dhisions and non-Class IE equipment.

The Class IE DC power supply has the following alarms and displays in the main control

room (MCR):

(1) Alarms for battery ground detection. .

(2) Parameter Displays for battery voltage and amperes.

(3) Status indicadon for battery circuit breaker / disconnect position.

Class 1E equipment is classified as Seismic Category I.

Class IE equipment which is located in areas designated as harsh emironment areas is
qualified for harsh emironments.

O
2.12.12 2 Direct Current Power Supply

!
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Inspections, Tests, Analyses and Acceptance Criteria j
,

Table 2.12.12 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Direct Current
Power Supply.

,

;

'%
.
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Direct Current Power Supply
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[ Table 2.12.12 Direct Current Power Supply b
n QI

{ Inspections, Tests, Analyses and Acceptance Criteria

i Design Commitment inspections, Tests, Analyses Acceptance Criteria

f 1. The basic configuration of the Direct 1. Inspections of the as-built system will be 1. The as-built Direct Current Power Supply
4 Current Power Supply is described in conducted. conforms with the basic configuration

Section 2.12.12. described in Section 2.12.12.

T 2. Except for Division IV, each Class 1E 2. Inspections of the as built Class 1E Direct 2. Each as-built Class 1E divisional
divisional (Divisions 1,11, and 111) battery is Current Power Supply will be conducted. (Divisions 1,11, and lil) battery is provided
provided with a normal battery charger with a normel battery charger supplied
supplied AC power from a MCC in the AC power from a MCC in the same Class
same Class 1E division as the battery. The 1E division as the battery. The Division IV
Division IV normal battery charger is normal battery charger is supplied AC
supplied AC power from a Division 11 power from a Division 11 MCC.
MCC.

3. Interlocks are provided to prevent manual 3. Tests of the as-built Class 1E interlocks 3. The as-built Class 1E interlocks prevent u
Eparalleling between Class 1E divisions. will be conducted by attempting to close paralleling between Class 1E divisions.
keach '.iterlocketi pair of breakers. The connections between Class 1E

divisions are manual only. g
4. Each Class 1E battery is sized to supply its 4. 4. 4

design loads, at the end-of-instal;ed-life, a. Analyses for the as-built Class 1E a. Analyses for the as-built Class 1E
for a mmimum of 2 hours without batteries to determine battery batteries exist and conclude that each
recharging. capacities will be performed based on Class 1E battery has the capacity, as

the design duty cycle for each battery. determined by tha as-built battery
rating, to supply its analyzed design
loads, at the end-of-iostalled-life, for a
minimum of 2 hours without
recharging.

b. The capacity of each as-built Class 1E $.b. Tests of each as-built class 1E battery
will be conducted by simulating loads battery equals or exceeds the {
which envelope the analyzed battery analyzed battery design duty cycle p
design duty cycle. capacity. g,

=

~ =
$,, h. -
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9 Table 2.12.12 Direct Current Power Supply (Continued) b
N

CD
g inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria M
5. Each Class 1E normal battery charger is 5. Tests of each as-built Class 1E normal 5. Each as-built Class 1E normal battery

sized to supply its respective Class 1E battery charger will be conducted by charger can supply its respective Class 1E
division's normal steady state loads while supplying its respective Class 1E division's normal steady state loads while
charging its respective Class 1E battery. division's normal steady state loads while charging its respective Class 1E battery.

charging its respective Class 1E battery.

G. The Class 1E DC battery and battery 6. 6.
charger circuit breakers, and DC

a. Analyses for the as-built Class 1E DC a. Analyses for the as-built Class 1E DC
distribution panels, MCCs, and the.ir electrical distribution system to electrical distribution system existcircuit breakers and fuses, are sized t determine the capacities of the battery and conclude that the cepacities of
supply their load requirements. and battery charger circuit breakers Class 1E battery and battery charger

and DC distribution panels, MCCs, circuit breakers, and DC distribution
and their circuit breakers and fuses, panels, MCCs, and their circuit y

will be performed. breakers and fuses, as determined by $
their nameplate ratings, exceed their {
analyzed load requirements. s

E
N

b. Tests of the as-built Class 1E battery b. Connected as-built Class 1E loads
and battery charger circuit breakers, operate at less than or equal to the
DC distribution panels, MCCs, their minimum allowable battery voltage
circuit breakers and fuses, will be and at greater than or equal to the
conducted by operating connected maximum battery charging voltage.
Class 1E loads at less than or equal to
the minimum allowable battery
voltage and at greater than or equal to

$ the maximum battery charging n
R voltage. g
E @
a w

$
a Ji-
%

*

s $
s a
13 3
T E

O O O
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? Table 2.12.12 Direct Current Power Supply (Continued) b
B WInspections, Tests, Analyses and Acceptance Criteriane

Design "ommitment inspections, Tests, Analyses Acceptance Criteria.

? 7. 7. 7.
a
't a. The Class 1E battery, battery chargers, s. Analyses for the as-built Class 1E DC a. Analyses for the as-built Class 1E DC

{ and DC distribution panels, and MCCs electrical distribution system to electrical distribution system exist

$ are rated to witiistand fault currents determine fault currents will be and conclude that the capacities of as-
for the time required to clear the fault performed. built Class 1E battery, battery charger,
from its power source. DC distribution panel, and MCC

current capacities exceed their
analyzed fault currents for the time
required, as determined by the circuit
interrupting device coordination
analyses, to clear the fault from its
power source.

| b. Circuit breakers and fuses in Class 1E b. Analyses for the as-built Class 1E DC b. Analyses for the as-built Class 1E DC E
battery, battery charger, DC electrical distribution system to electrical distribution system exist {
distribution panel, and MCC circuits determine fault currents will be and conclude that the analyzed fault s
are rated to interrupt fault currents. performed. currents do not exceed the interrupt 2

Ncapacity of circuit breakers and fuses
in the battery, battery charger, DC
distribution panel, and MCC circuit, as
determined by their nameplate
ratings.

8. Class 1E DC electrical distribution system 8. Analyses for the as-built Class 1E DC 8. Analyses for the as-built Class 1E DC
circuit interrupting devices (circuit otectrical distribution system to determine electrical distribution system circuit
breakers and fuses) are coordinated so circuit interrupting device coordination interrupting devices exist and conclude ,

that the circuit interrupter closest to the will be performed. that the analyzed circuit interrupter n
fault opens before other devices. closest to the fault will open before other g

devices. @
o.
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9 Table 2.12.12 Direct Current Power Supply (Continued) b
N 03
g Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria M
9. Class 1E DC electrical distribution system 9. Analyses for the as-built Class 1E DC 9. Analyses for the as-built Class 1E DC

cables are sized to supply their load electrical distribution system cables to electrical distribution system cables exist
requirements. determine their load requirements will be and conclude that the Class 1E DC

performed. electrical distribution system cable
capacities, as determined by cable
ratings, exceed their analyzed load
requirements.

10. Class 1E DC electrical distribution system 10. Analyses for the as-built Class 1E DC 10. Analyses for the as-built Class 1E DC
cables are rated to withstand fault electrical distribution system to determine electrical distribution system exist and
currents for the time required to clear the fault currents will be performed. conclude that the Class 1E DC electrical
fault from its power source. distribution system cables will withstand

the analyzed fault currents for the time
required, as determined by the circuit g
interrupting device coordination analyses, g
to clear the fault from its power source. 4

m
11. The Class 1E DC electrical distribution 11. Analyses for the as-built Class 1E DC 11. Analyses for the as-built Class 1E DC E

4system supplies an operating voltage at electrical distribution system te determine electrical distribution system exist and
the terminals of the Class 1E utilization system voltage drops will be performed. conclude that the analyzed operating
equipment that is within the utilization voltage supplied at the terminals of the

; equipment's voltage tolerance limits. Class 1E utilization equipment is within
| the utilization equipment's voltage

tolerance limits, as determined by their
nameplate ratings.

12. Each Class 1E battery is located in a 12. Inspections of the as-built Class 1E 12. Each as-built Class 1E battery is located in
? Seismic Category I structure and in its batteries will be conducted. a Seismic Category I structure and in its o
E respective divisional battery room. respective divisional battery room. [
E
a 13. Class 1E DC distribution panels, and 13. Inspections of the as-built Class 1E DC 13. As-built DC distribution panels and MCCs 2*.
I MCCs are identified according to their distribution panels and MCCs will be are identified according to their Class 1E 5'
@ Class 1E division and are located in conducted. division and are located in Seismic 5
| Seismic Category I structures and in their Category I structures and in their
p respective divisional areas. respective divisional areas. g
8 3
e !!.
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g Table 2.12.12 Direct Current Power Supply (Continued) b
E 03

inspections, Tests, Analyses and Acceptance Criterian
e

{ Design Commitment inspections, Tests, Analyses Acceptance Criteria

? 14. Class 1E DC distribution system cables 14. Inspections of the as-built Class 1E DC 14. As-built Class 1E DC distribution system

{ and raceways are identified according to distribution system cables and raceways cables and raceways are identified
p their Class 1E division. Class 1E divisional will be conducted. according to their Class 1E division. Class
B cables are routed in Seismic Category i 1E divisional cables are routed in Seismic
T structures and in their respective Category I structures and in their

divisional raceways. respective divisional raceways.

15. For the Class 1E DC electrical distribution 15. 15.
system, independence is provided

, a. Tests will be conducted on the as-built a. A test signal exists in only the Class
between Class 1E divisions, and between

, DC electrical distribution system by 1E division under test in the DC
Class 1E divisions and non-Class 1E providing a test signal in only one electrical distribution system.
equipment. Class 1E division at a time.

b. Inspections of the as-built DC b. In the as-built DC electrical y
electrical distribution system will be distribution sys'em, physical
conducted. separr' v - %etricalisolation exists y

2. divisions. Physical $betwe '

separato .. electricalisolation exists [
between these Class 1E divisions and
non-Class 1E equipment.

16. MCR alarms and displays provided forthe 16. Inspections will be conducted on the 16. Alarms and displays exist or can be
Direct Current Power Supply are as alarms and displays for the Direct Current retrieved in the MCR as defined in Section
defined in Section 2.12.12. Power Supply. 2.12.12.
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2.12.13 Emergency Diesel Generator System

Design Description

The Emergency Diesel Generator (DG) System consists of three diesel engines and
their respective combustion air intake system, starting air system, fuel oil system (from
the day tank to the engine), lubricating oil system, enginejacket cooling water system,
engine exhaust system and silen< - r, governor system, and generator with its excitation
and voltage regulation systems.

.

The three DGs are classified as Class 1E, safety-related and supply standby AC power to

their respective Class 1E Electrical Power Disuibution (EPD) System divisions (Divisions
I,II, and III). The DG connections to the EPD System are shown on Figure 2.12.1.

The DGs are sized to supply their load demand following a lossef-coolant accident
(LOCA). The DG air start receiver tanks are sized to provide five DG starts without

recharging their tanks.

A loss of preferred power (LOPP) signal (bus under-voltage) from an EPD System
medium voltage divisional bus automatically starts its respective DG, and initiates
automatic connection of the DG to its divisional bus, i ' G automatically connects to its

respective bus when DG rated voltage and frequency conditions are established. After a'

DG connects to its respective bus, the non-accident loads are automatically sequenced
onto the bus.

LOCA signals from the Residual Heat Removal (RHR) (Division I) and High Pressure
Core Flooder (HPCF) (Divisions 11 and III) systems automatically start their respective
divisional DG. After starting, the DGs remain in a standby mode (i.e. running at rated
voltage and frequency, but not connected to their busses), unless a LOPP signal exists.
When LOCA and LOPP signals exist, the DG automatically connects to its respective
divisional bus. After a DG connects to its respective bus, the LOCA loads are
automatically sequenced onto the bus.

A manual start signal from the main control room (MCR) or from the local control
station in the DG area starts a DG. After starting, the DG remains in a standby mode,
unless a LOPP signal exists.

DGs start, attain rated voltage and frequency, and are ready to load in s 20 seconds after
receiving an automatic or manual start signal.

When a DG is operating in parallel (test mode) with offsite power, a loss of the offsite
power source used for testing or a LOCA signal overrides the test mode by
disconnecting the DG from its respective divisional bus.

Emergency Diesel Generator System 2.12.13 1
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The DG units are classified Seismic Categog I and DG auxiliary systems are classified
Seismic Category I, ASME Code Class 3, and Class 1E, and are located in their respective
divisional areas in the Reactor Building. The DG combustion air intakes are located
above the maximum flood level. The DG combustion air intakes are separated from DG
exhaust ducts. Class IE DG unit auxiliary systems are supplied electrical power from the
same Class 1E division as the DG unit. Independence is provided between Class 1E
divisions and also between Class IE divisions and non-Class IE equipment. Each
divisional DG (Divisions I, II, and III) with its auxiliary systems is physically separated
from the other dnisions.

The DG System has the following displays and controls in the MCR.

i(1) Parameter displays for the DG output voltage, amperes, watts, vars, frequency,
and engine speed.

(2) Controls for manually starting and stopping the DG units.

The DG System has displays at the Remote Shutdown System (RSS) for DG run and stop
indication.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.12.13 prosides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Emergency Diesel
Generator System.

|

1

|

|
1

|

|

@
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E Table 2.12.13 Emergency Diesel Generator System b
3 00 -

g Inspections, Tests, Analyses and Acceptance Criteria g
Design Commitment inspections, Tests, Analyses Acceptance Criteria

E 1. The basic configuration of the DG System 1. Inspection of the as-built system will be 1. The as-built DG System conforms with
? is described in Section 2.12.13. conducted. the basic configuration described in
$ Section 2.12.13.
R
R 2. The DGs are sized to supply their load 2. Analyses to determine DG load demand, 2. Analyses for the as-built DG systems exist

$ demand following a LOCA. based on the as-built DG load profile, will and conclude that the DG System

j be performed. capacities exceed, as determined by their
nameplate ratings, their load demand
following a LOCA.

3. DG air start receiver tanks have capacity 3. Tests on the as-built DG Systems will be 3. As-built DGs start five times without
for five DG starts without recharging their conducted by starting the DGs five times, recharging their air start receiver tanks.
tanks.

U4. A LOPP signal (bus under-voltage) from 4. Tests on the as-built DG Systems will be 4. As-built DGs automatically start on
an EPD System medium voltage conducted by providing a simulated LOPP receiving a LOPP signal, attain rated f
divisional bus automatically starts its signal. voltage (110%), and rated frequency g
respective DG, and initiates automatic (12%) in s 20 seconds, automatically R

connection of the DG to its divisional bus. connect to their respective divisional bus, N

A DG automatically connects to its and sequence their non-accident loads
respective bus when DG rated voltage onto the bus.
and frequency conditions are
established. After a DG connects to its
respective bus, the non-accident loads are
automatically sequenced onto the bus.

5. LOCA signals from the RHR (Division 1) 5. Tests on the as-built DG Systems will be 5. As-built DGs automatically start on
and HPCF (Divisions 11 and 111) System conducted by providing a simulated receiving a LOCA signal, attain rated n
automatically start their respective LOCA signal, without a LOPP signal. voltage (110%), and rated frequency *

divisional DG. After starting, the DGs (12%) in s 20 seconds, and remain in the h
remain in a standby mode (i.e. running at standby mode. g
rated voltage and frequency, but not a
connected to their busses), unless a LOPP $

3 signal exists. g
U R

'2.w
E.t'4
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t Table 2.12.13 Emergency Diesel Generator System (Continued) b
9 gj inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria 33

6. When LOCA and LOPP signals exist, the 6. Tests on the as-built DG Systems will be 6. In the as-built DG Systems, when LOCA
DG automatically connects to its conducted by providing simulated LOCA and LOPP signals exist, the DG
respective divisional bus. After a DG and LOPP signals, automatically connects to its respective
connects to its respective bus, the LOCA divisional bus. The automatic load
loads are automatically sequenced onto sequence begins at 5 20 seconds.
the bus. Following application of each load, the

bus voltage does not drop more than 25%
measured at the bus. Frequency is
restored to within 2% of nominal, and
voltage is restored to within 10% of
nominal within 60% of each load
sequence time interval. The HPCF and
RHR icads are sequenced on to the bus in %
s 36 seconds for design basis events. 3:

$7. A manual start signal from the MCR or 7. Tests on the as-built DG Systems will be 7. As-built DGs automatically start on y

from the local control station in the DG conducted by providing a manual start receiving a manual start signal from the @
area starts a DG. After starting, the DG signal from the MCR and from the local MCR or from the local control station, [
remains in a standby mode, unless a control station, without a LOPP signal. attain rated voltage (110%), and rated
LOPP signal exists. frequency (12%) in s 20 seconds and

remain in the standby mode.

8. When a DG is operating in parallel (test 8. Tests on the as-built DG Systems will be 8. When the as-built DG Systems aro
mode) with offsite power, a loss of the conducted by providing simulated loss of operating in the test mode with offsite

3' offsite power source used for testing or a offsite power and LOCA signals while power and a loss of offsite power or a
$ LOCA signal overrides the test mode by operating the DGs in the test mode. LOCA signal is received, DGs
3 disconnecting the DG from its respective automatically disconnect from their
( divisional bus. respective divisional buses. {

l 5
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y Table 2.12.13 Emergency Diesel Generator System (Continued) b
Inspections, Tests, Analyses and Acceptance Criteria kR

g Design Commitment inspections, Tests, Analyses Acceptance Ciiteria %

k 9. In the DG system, Class 1E DG unit 9. 9.

y auxiliary systems are supplied electrical a. Tests will be conducted in the as-built a. The test signal exists in only the Class
a power from the same Class 1E diviston as DG Systems by providing a test signal 1E division under test in the DG
g the DG unit. independence is provided in only one Class 1E division at a time. System.

,

between Class 1E divisions and between'

( Class 1E divisions and non-Class 1E b. Inspections of the as-built Class 1E b. In the DG systems, physical

@ equipment. divisionis in the DG systems wil: be separation or electrical isolation exists
conducted. between Class 1E divisions. Physical

separation or electricalisolation exists
between these Class 1E divisions and
non-Class 1E equipment.

10. Each divisional DG (Divisions I,11, and 111) 10. Inspections of the as-built DG Systems 10. Each DG with its auxiliary systems is
with its auxiliary systems is physically will be conducted. physically separated from the other g
separated from the other divisions. divisions by structural and/or fire barriers.

11. MCR displays and controls provided for 11. Inspections will be conducted on the MCR 11. Displays and controls exist or can be ]
the DG System are as defined in Section displays and controls for the as-built DG retrieved in the MCR as defined in Section R

2.12.13 Systems. 2.12.13. 4

12. RSS displays provided for the DG System 12. Inspections will be conducted on the RSS 12. Displays exist or can be retrieved on the
are as defined in Section 2.12.13 displays for the as-built DG Systems. RSS as defined in Section 2.12.13.
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2.12.14 Vital AC Power Supply

Design Description

The Vital AC Power Supply consists of Class IE and non-Class lE unintermptible power
supplies, and their respective alternating current (AC) distribution panels, power, and
instrumentation and control cables to the distribution system loads. The AC

'
distribution system also includes the protet. tion equipment provided to protect the AC
distribution equipment. The Class 1E Vital AC Power Supply connections to the
Electrical Power Distribution (EPD) System and the Direct Current Power Supply are i

shown on Figure 2.12.14. <

i

The Class 1E Vital AC Power Supply consists of four divisions (Division I,11,111, and IV)

of uninterruptible power supplies with their respective distribution panels. Each Class 7

1E power supply provides uninterruptible, regulated AC power to Class IE circuits
which require continuity of power during a loss of preferred power (LOPP). Each Oass ,

IE Vital AC Power Supply is a constant voltage constant frequency (CVCF) inverter ;

power supply unit.

The non-Gass IE Vital AC Power Supply consists of uninterruptible power supplies with

( their respective distribution panels. Each non-Class IE power supply provides ;

uninterruptible, regulated AC power to non-Class IE circuits which require continuity
of power during a LOPP. Each non-Class IE Vital AC Power Supply is a CVCF inverter
power supply unit. .

Each Class IE CVCF unit has three input power sources. Except for the Dhision IV i

CVCF unit, the normal power to each Class IE CVCF unit is supplied from an AC motor

control center (MCC) in the same Class 1E dhision as the CVCF unit. The Division IV
Class IE CVCF unit is supplied AC power from a Division II AC MCC. The backup power
for each Oass IE CVCF unit is supplied from the direct current (DC) battery in the
same Class IE dhision as the CVCF unit. In addition, each Class 1E CVCF unit contains

an alternate power supply. The alternate power supply is a voltage regulating device,
and is supplied power from the same AC power source as the normal power supply.

Each Cass 1E CVCF normal and backup power supply is synchronized, in both |

frequency and phase, with its alternate power supply and maintains continuity of power i

during transfer from the inverter to the alternate supply. Automatic transfer between |

each Class IE CVCF unit's three power sources is provided. Manual transfer between
each Class IE CVCF unit power source is also provided.

Each Oass IE CVCF unit is sized to provide output power to its respective distribution

[ panelloads. There are no automatic connections between Cass IE dhisions. I

s

M al AC Power Supply 2.12.14-1
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Class 1 E CVCF units and their respective distribution panels are identified according to
their Class IE division and are located in Seismic Category I stnictures and in their i

respective divisional areas. Independence is prodded between Class IE divisions, and ;

also between Class IE divisions and non-Class IE equipment.

Class 1E Vital AC Power Supply system distribution panels and their circuit breakers and i

fuses are sized to supply their load requirements. Distribution panels are rated to ,

withstand fault currents for the time required to clear the fault from its power source. r

Circuit breakers and fuses are rated to interrupt fault currents.
;

Class IE Vital AC Power Supply system interrupting devices (circuit breakers and fuses)
are coordinated so that the circuit interrupter closest to the fault opens before other
devices.

i

Class 1E Vital AC Power Supply system cables are sized to supply their load requirements
and are rated to withstand fault currents for the time required to clear the fault from its

.

I

power source.

The Class IE Vital AC Power Supply system supplies an operating voltage at the
terminals of the Class IE utilization equipment that is within the utilization equipment's
voltage tolerance limits.

Class 1E Vital AC Power Supply system cables and raceways are identified according to
their Class IE division. Class lE dhisional cables are routed in Seismic Category I
structures and in their respective dhisional raceways.

,

The Class IE Vital AC Power Supply has alarms for high and low CVCF unit output
voltage and frequency in the main control room (MCR).

!

Class IE equipment is classified as Seismic Category 1.

Class IE equipment which is located in areas designated as harsh emironment areas is t

qualified for harsh emironments.
i

inspections, Tests, Analyses and Acceptance Criteria i

Table 2.12.14 provides a defimition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Vital AC Power j
Supply. q

|

|
|

9
i

2.12.14-2 Vital AC Power supply
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E Table 2.12.14 Vital AC Power Supply b
u III
t Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the Vital AC 1. Inspections of the as-built system will be 1. The as-built Vital AC Power Supply
Power Supply is described in Section conducted. conforms with tile basic configuration
2.12.14. described in Section 2.12.14.

2. Each Class 1E CVCF unit has three input 2. Inspections of the as-built Class 1E Vital 2. Each as-built CVCF unit has three input
power sources. Except for the Division IV AC Power Supply system will be power sources. Except for the Division IV
CVCF unit, the normal power to each conducted. CVCF unit, the normal power to each
Class 1E CVCF unit is supplied from an AC CVCF unit is supplied from an AC MCC in
MCC in the same Class 1E division as the the same Class 1E division as the CVCF
CVCF unit. The Division IV Class 1E CVCF unit. The Division IV CVCF unit is supplied
unit is supplied AC power from a Division AC power from a Division 11 AC MCC. The
11 AC MCC.The backup power for each backup power for each CVCF unit is
Class 1E CVCF unit is supplied from the supplied from the DC battery in the same y
DC battery in the same Class 1E division Class 1E division as the CVCF unit. In g
as the CVCF unit. In addition, each Class addition, each Class 1E CVCF unit {
1E CVCF unit contains an alternate power contains an alternate power supply. The ;
supply. The alternate power supply is a alternate power supply is a voltage 2
voltage regulating device, and is supplied regulating device, and is supplied power **

power from the same AC power source as from the same AC power source as the
the normal power supply, normal power supply.

3. Automatic transfer between each Class 1E 3. Tests on each as-built Class 1E CVCF unit 3. Each as-built Class 1E CVCF unit
CVCF unit's three power sources is will be conducted by providing a test automatically and manually transfers
provided and maintains continuity of signalin one power source at a time. A between the unit's three power sources
power during transfer from the inverter to test of the manual transfer will also be and maintains continuity of power during
the alternate supply. Manual transfer conducted. transfer from the inverter to the alternate
between each Class 1E CVCF unit power supply. n
source is also provided. *

5 h
E 4. Each Class 1E CVCF unit is sized to 4. Analyses for each as-built Class 1E CVCF 4. Analyses for each as-built Class 1E CVCF q
p3 provide output power to its respective unit to d stermine the power requirements unit exist and conclude that each CVCF p
y distribution panel loads. of its loads will be performed. unit's capacity, as determined by its J.
g nameplate rating, exceeds its analyzed =

E load requirements. !
k k.
e s

O O O
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g Table 2.12.14 Vital AC Power Supply (Continued) bE
03

h inspections, Tests, Analyses and Acceptance Criteria

f
-

Design Commitment inspections, Tests, Analyses Acceptance Criteria

5 5. Class 1E CVCF units and their respective 5. Inspections of the as-built Class 1E CVCF 5. The as-built Class 1E CVCF units and their
@ distribution panels are identified units and their respective distribution respective distribution panels are
5 according to their Class 1E division and panels will be conducted. identified according to their Class 1E

are located in Seismic Category I division and are located in Seismic
structures and in their respective Category I structures and in their
divisional areas. respective divisional areas.

6. In the Vital AC Power Supply, 6. 6.
Independence is provided between Class

a. Tests on the Vital AC Power Supply a. A test signal exists only in the Class1E divisions, and between Class 1E
will be r.onducted by providing a test 1E division under test in the Vital AC

divisions and non-Class 1E equipment. signal in only c .o Class 1E division at Power Supply.
a time.

b. Inspections of the as-built Class 1E b. In the Vital AC Power Supply, physical 4
Sdivisions in the Vital AC Power Supply separation or electrical isolation exists
kwill be conducted. between the Class 1E divisions.

Physical separation or electrical if
isolation exists between these Class [
1E divisions and non-Class 1E
equipment.

7. Class 1E Vital AC Power Supply system 7. Analyses for the as-built distribution 7. Analyses for the as-built Class 1E Vital AC
distribution panels and their respective panels and their respective circuit Power Supply system distribution panels
circuit breakers and fuses are sized to breakers and fuses to determine their load and their respective circuit breakers and
supply their load requirements. requirements will be performed. fuses exist and conclude that the

capacities of the distribution panels,
circuit breakers, and fuses exceed, as
determined by their nameplate ratings, n
their analyzed load requirements, h

a
P.
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9 Table 2.12.14 Vital AC Power Supply (Continued) b
N CW
f inspections, Tests, Analyses and Acceptance Criteria
m

Design Commitment inspections, Tests, Analyses Acceptance Criteria

8. Class 1E Vital C Power Supply system 8. Analyses for the as-built Class 1E 8. Analyses for the as-built Class 1E Vital AC
distribution panels are rated to withstand distribution system to determine fault Power Supply system distribution panels
fault currents for the time required to currents will be performed. exist and conclude that the current
clear the fault from its power source. capacities of the distribution panels,

exceed their analyzed fault currents for
the time required, as determined by the
circuit interrupting device coordination
analyses, to clear the fault from its power
source.

9. Class 1E Vital AC Power Supply system 9. Analyses for the as-built Class 1E 9. Analyses for the as-built Class 1E Vital AC
distribution panel circuit breakers and distribution system to determine fault Power Supply distribution system exist
fuses are rated to interrupt fault currents. currents will be performed. and conclude that the analyzed fault

currents do not exceed the distribution g
nystem circuit breakers and fuses g
interrupt capabilities, as determined by y

their nameplate ratings. {
*10. Class 1E Vital AC Pcwer Supply system 10. Analyses for the as-built Class 1E 10. Analyses for the as-built Class 1E Vital AC

interrupting devices are coordinated so distribution system to determine circuit Power Supply system circuit interrupting
that the circuit interrupter closest to the interrupting device coordination will be device coordination exist and conclude
fault opens before other devices. performed. that the analyzed circuit interrupter

closesi to the fault will open before other
devices.

11. Class 1E Vital AC Power Supply system 11. Analyses for the as-built Class 1E 11. Analyses for the as-built Class CE Vital AC
cables are sized to supply their load distribution system cables to determine Power Supply system cables exist and
requirements. their load requirements will be ccnclude that the capacities of the n

performed. distribution system cables exceed, as $
@ determined by their cable ratings, their 5
i; analyzed load requirements. $
S E
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;5 Table 2.12.14 Vital AC Power Supply (Continued) b
E EDg inspections, Tests, Analyses and Acceptance Criteria g
f Design Commitment inspections, Tests, Analyses Acceptance Criteria 33

a 12. Class 1E Vital AC Power Supply system 12. Analyses for the as-built Class 1E 12. Analyses for the as-built Class 1E Vital AC
j cables are rated to withstand fault distribution system to determine fault Power Supply system cables exist and
* currents for the time required to clear the currents will be performed. conclude that the distribution system

fault from its power source. cable current capacities exceed their
analyzed fault currents for the time
required, as determined by the circuit
interrupting devico coordination analyses,
to clear the fault from its power source.

13. The Class 1E Vital AC Power Supply 13. Analyses for the as-built Class 1E Vital AC 13. Analyses for the as-built Class 1E Vital AC
system supplies an operating voltage at Power Supply systern to determine Power Supply system voltage drops exist
the terminals of the Class 1E utilization voltage drops will be performed. and conclude that the analyzed operating
equipment that is within the utilization voltage supplied at the terminals of the ,

'

equipment's voltage tolerance limits. Class 1E utilization equipment is within M
the utilization equipment's voltage ftolerance limits, as determined by their y

nameplate ratings. {
"i4. Class 1E Vital AC I'ower Supply system 14. Inspections of the as-built Class 1E Vital 14. As-built Class 1E Vital AC Power Supply

cables and raceways are identified AC Power Supply system cables and system cables and raceways are identified
according to their Class 1E division. Class raceways will be conducted. according to their Class 1E divklon. Class
1E divisional cables are routed in Seismic 1E divisional cables are routec. in Seismic
Category I structures and in their Category I structures and in their
respective divisional raceways. respective divisional raceways.

15. MCR alarms provided for the Class 1E 15. Inspections will be conducted on the MCR 15. Alarms exist or can be retrieved in the
Vital AC Power Supply are as defined in alarms for the as-built Class 1E Vital AC MCR as defined in Section 2.12.14.
Section 2.12.14. Power Supply. p,

h
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2.12.15 Instrument and Control Power Sopply

Design Description

The Instrument and Control Power Supply consists of Class IE and non-Class 1E ,

interruptible power supplies and their respective alternating current (AC) distribution
panels, power, and insuumentation and control cables to the disuibution system loads.
The AC distribution system also includes the protection equipment provided to protect
the AC distribution equipment. The Class IE Instrument and Control Power Supply
connections to the Electrical Power Disuibution (EPD) System are shown on Figure
2.12.15.

The Class IE Instrument and Control Power Supply consists of three divisions (Didsion
I, II, and III) ofinterruptible power supplies with their respective distribution panels.
Each Class 1E power supply provides interruptible, regulated AC power to Class 1E
circuits which do not require continuity of power during a loss of preferred power !

(LOPP).

The non-Class 1E Instrument and Control Power Supply consists of an interruptibic
power supply with its respective distribution panel. The non-Class 1E power supply
provides interruptible, regulated AC power to non-Class IE circuits which do not,

require continuity of power during a LOPP.

Each Class 1E Instrument and Control Power Supply is a voltage regulating device. The |

pwer to each Class IE Instrument and Control Power Supply voltage regulating dedce
is supplied from an AC MCC in the same Class 1E division as the device.

Each Class IE Instrument and Control Power Supply is sized to provide output power
to its respective di uibution panel loads.There are no automatic connections between
Clas2.1E dnisions.

.a 15 i strument and Control Power Supplies and their respective distribution
n:a te identified according to their Class IE division and are located in Seismic
.$ory I structures and in their respective divisional areas. Independence is provided

between Class 1E divisions, and also between Class 1E divisions and non-Class IE

equipment. t

Class IE Instrument and Control Power Supply system distribution panels and their ,

circuit breakers and fuses are sized to supply their load requirements. Distribution !
panels are rated to withstand fault currents for the time required to clear the fault from j

its power source. Circuit breakers and fuses as e rated to interrupt fault currents.

C
( Class 1E Instrument and Control Power Supply system interrupting devices (circuit

breakers and fuses) are coordinated so that the circuit interrupter closest to the fault
opens before other devices.

;

instrument and ControlPower Supply 2.12.15-1
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Class 1E Instrument and Control Power Supply system cables are sized to supply their
load requirements and are rated to withstand fault currents for the time required to
clear the fault from its pc murce.

The Class 1E Instrument and mtrol Power Supply system supplies an operating
voltage at the terminals of the Class IE utilization equipment that is within the
utilization equipment's voltage tolerance limits.

Class 1E Instrument and Control Power Supply system cables and raceways are
identified according to their Class IE dhision. Class 1E divisional cables are routed in>'

Seismic Category I structures and in their respective divisional raceways.

Class 1E equipment is classified as Seismic Category I.

Class 1E equipment which is located in areas designated as harsh environment areas is
qualified for harsh emironments.

Inspections, Tests, Analyses and Acceptance Critcria
,

Table 2.12.15 provides a definition of the inspections, tests, and/or analyses, tgetner
with associated acceptance criteria, which will be undertaken for the Instrument and '

Control Power Supply.

:

i

5

i

,

.

,

9
2.12.15-2 Instrument and ControlPower Supply |
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E Table 2.12.15 Instrument and Control Power Supply b
' Wf Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the Instrument 1. Inspections of the as-built system will be 1. The as-built Instrument and Control
and Control Power Supply is described in conducted. Power Supply conforms with the basic
Section 2.12.15. configuration described in Section

2.12.15.

2. The power to each Class 1E Instrument 2. Inspections of the as-built Class 1E 2. The power to each as-built Class 1E
and Control Power Supply voltage Instrument and Control Power Supply will Instrument and Control Power Supply
regulating device is supplied from an AC be conducted. voltage regulating device is supplied from
MCC in the same Class 1E division as the an AC MCC in the same Class 1E division
device. as th9 device.

3. Each Class 1E AC Instrument r.ad Control 3. Analyses for each as-built Class 1E 3. Analyses for each as-built Class 1E
Power Supply is sized to provide output instrument and Control Power Supply to Instrument and Control Power Supply
power to its respective distribution panel determine the power requirements of its exist and conclude that each Instrument 4

5loads. loads will be performed. and Control Power Supply capacity, as
determined by its nameplate rating, k
exceeds its analyzed load requirements. $

.<

4. Class 1E Instrument and Control Power 4. Inspections of the as-bui!t Class 1E 4. The as-built Class 1E Instrument and 4

Supplies and their respective distribution instrument and Control Power Supplies Control Power Supplies and their
panels are identified according to their and their respective distribution panels respective distribution panels are
Class 1E division and are located in will be conducted. identified according to their Class 1E
Seismic Category I structures and in their division and are located in Seismic
respectivo divisional areas. Category I structures and in their_

| respective divisional areas.
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y Table 2.12.15 Instrument and Control Power Supply (Continued) b
E tRI
g Inspections, Tests, Analyses and Acceptance Criteria

f Design Commitment inspections, Tests, J.nalyses Acceptance Criteria 33

$ 5. In the instrumentation and Control Power 5. 5.

g Supply, independence is provided a. Tests on the Instrumentation and a. A test signal exists only in the Class
o between Class 1E divisions, and betweeng Control Power Supply will be 1E division under test in the

Class 1E d,v,sions and non-Class 1Eiig conducted by providing a test signal Instrumentation and Control Power
equipment.o in only one Class 1E division at a time. Supply.

k b. Inspections of the as-built Class 1E b. In the Instrumentation and Control
* divisions in the Instrumentation and Power Supply, physical separation or

Control Power Supply will be electrical isolation exists between the
conducted. Class 1E divisions. Physical

separation or electrical isolation exists
aetween these Class 1E divisions and
non-Class 1E equipment. ,

E6. Class 1E instrument and Control Power 6. Analyses for the as-built distribution 6 Analyses for the as-built Class 1E
Supply system distribution panels and panels and their respective circuit instrument and Control Power Supply k
their respective circuit breakers and fuses breakers and fuses to determine their load system distribution panels and their ip

are sized to supply their load requirements will be performed. respective circuit breakers and fuses exist [
requirements. and conclude that the capacities of the

distribution par-is, circuit breakers, end
fuses exceed, as determined by their
nameplate ratings, their analyzed loai
requirements.

7. Class 1E instrument and Control Power 7. Analyses for the as-built Class 1E 7. Analyses for the as-built Class 1E
Supply system distribution panels are distribution system to determine fault instrument and Control Power Supply
rated to withstand fault currents for the currents will be performed. system distribution panels axist and

,

' time required to clear the fault from its conclude that the current candes of the p
power source. distribution panels exceed their analyzed B.

fault currents for the time required, as (
determined by the circuit interrupting jp
device coordination analyses, to clear the J.
fault fru its power source. =

U h
e a
w g.
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9 Table 2.12.15 Instrument and Control Power Supply (Continued) b
N 03
5 inspections, Tests, Analyses and Acceptance Criteria
s

Design Commitment inspections, Tests, Analyses Acceptance Criteria

8. Class 1E Instrument and Control Power 8. Analyses for the as-built Class 1E 8. Analyses for the as-built Class 1E
Supply system distribution panel circuit distribution system to determine fault Instrument and Control Power Supply
breakers and fuses are rated to interrupt currents will be performed. distribution system exist and conclude
fault currents. that the analyzed fault currents do not

exceed the distribution system circuit
breakers and fews interrupt capabilities,
as determined by their nameplate ratings.

9. Class 1E Instrument and Control Power 9. Analyses for the as-built Class 1E 9. Analyses for the as-built Class 1E
Supply system interrupting devices are distribution system to determine circuit Instrument and Control Power Supply

k coordinated so that the circuit interrupter interrupting device coordination will be system circuit interrupting device
closest the fault opens before other performed. coordination exist and conclude that the
devices. analyzed circuit interrupter closest to the

fault will open before other devices, g
10. Class 1E Instrument and Control Power 10. Analyses for the as-built Class 1E 10. Analyses for the as-built Class 1E 3

Supply system cables are sized to supply distribution system cables to determine Instrument and Control Power Supply s
e their load requirements. their load requirements will be system cables exist and conclude that the I

*performed, capacities of the distribution system
cables exceed, as determined by their
cable ratings, their analyzed load
requirements.

11. Class 1E Instrument and Control Power 11. Analyses for the as-built Class 1E 11. Analyses for the as-built Class 1E

{ Supply system cables are lated to distribution system to determine fault Instrument and Control Power Supply
i? withstand fault currents for the time currents will be performed. system cables exist and conclude that the
$ required to clear the fault from its power distribution system cable current
A source. capacities exceed their analyzed fault n
& currents for the time required, as $
9 determined by the circuit interrupting ?j device coordination analyses, to clear the @
q fault from its power source. R

j I
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y fable 2.12.15 Instrument and Control Power Supply (Continued) b
E tti
g Inspections, Tests, Analyses and Acceptance Criteria g
f Design Commitment inspections, Tests, Analyses Acceptance Criteria M

S. 12. The Class 1E Instrument and Control 12. Analyses for the as-built Class 1E 12. Analyses for the as-built Class 1E
q Power Supply system supplies an Instrument and Control Power Supply Instrument and Control Power Supply
i operating voltage at the terminals of the system to determine voltage drops will be system voltage drops exist and conclude
? Class 1E utikzation equipment that is performed. that the analyzed operating voltage
$ within the utilization equipment's voltage supplied at the terminals of the Class 1E
p tclerance limits. utilization equipment is within the

{ utilization equipment's voltage tolerance
* limits, as determined by their nameplate

ratings.

13. Class 1E Instrument and Control Power 13. Inspections of the as-built Class 1E 13. As-built Class 1E Instrument and Control
Supply system cables and raceways are instrument and Control Power Supply Power Supply system cables and
identified according to their Class 1E system cables and raceways will be raceways are identified according to their
division. Class 1E divisional cables are conducted. Class 1E division. Class 1E divisional bt
routed in Seismic Category I structures cables are routed in Seismic Category I fand in their respective divisional structures and in their respective y

raceways. divisional raceways.
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2.12.16 Communication System

Design Description

The parts of the plant Communication System within the Certified Design consist of a
power-actuated paging and broadcasting system and a separate sound-powered
telephone system. The parts of the Communication Sptem associated with off-site
communications are not within the Certified Design. .

,

The power-actuated paging system provides intraplant station to station
communications and area broadcasting in buildings and outside areas. The system
consists of at least two channels, with one channel allowing access from the plant

telephone system. Each channel is provided with an amplifier and a distribution frame.
Handsets and speakers are provided. The power-actuated paging system is powered
from its own battery.

The sound-powered communication system consists of a main communication patch
panel, a set of communication stations and a system of cables andjacks. This system
prosides communication capability between the main control room (MCR), Remote

!
Shutdown System (RSS) panel, electrical equipment area and diesel generator areas.

Og +

The patch panel is located outside the MCR. The sound-powered communication
system does not require any electrical power source for its operation.

,

The plant Communication System is classified as non-safety related.

Interface Requirements
iThe parts of the Communication System which are not within the Certified Design shall

meet the following requirements:

An emergency communication system for off-site communication shall be
prosided.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.12.16 prosides a definition of the inspections, tests, and/or analyses, together
with the associated acceptance criteria, which will be undertaken for the
Communication System.

t

!
I

I

Communication System 2.12.16-1
1
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U Table 2.12.16 Communication System b
U CII
& Inspections. Tests, Analyses and Acceptance Criteria

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the plant 1. Inspections of the as-built plant 1. The as-built plant Communication System
Communication System is described in Communication System will be conforms with the basic configuration
Section 2.12.16. conducted. described in Section 2.12.16.

2. The power actuated paging system 2. Tests of the as-built power actuated 2. The power actuated paging system
provides intraplant, station to station paging system will be conducted, provides intraplant, station to station
communications and area broadcasting in communications and area broadcasting in
buildings and outside areas. buildings and outside areas.

3. The sound-powered communications 3. Tests of the as-built sound-powered 3. The sound-powered communications
system provides communication communications system will be system provides communication
capability between the main control conducted. capability between the main control
room, remote shutdown panel, electrical room, remote shutdown panel, electrical
equipment area and the diesel generator equipment area and the diesel generator y,
areas. areas.
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!2.12.17 Lighting and Servicing Power Supply

Design Description

The Lighting and Senicing Power Supply (LSPS) consists of multiple lighting systems
and a non-Class IE senice power supply system. The non-Class 1E senice power supply
system supplies power to non-Class 1E loads which are not required for plant power !

Ioperation.

There are four lighting systems: the normal altemating current (AC) lighting system,
the standby AC lighting system, the emergency direct current (DC) lighting system, and
the guide lamp lighting system.

The normal AC lighting system prosides lighting needed for operation, inspection, and
repairs during normal plant operation in areas containing non-safety related
equipment. The normal lighting system is part of the plant's non-safety-related systems
and is supplied by the non-Class IE power system buses.

1
1

The AC standbylighting system is comprised of the non-Class IE AC standbylightmg
system and the Associated Class IE AC standby lighting system. The non-Class IE AC
standbylighting system senes both safety-related and non-safety-related areas and their
passageways and stairwells and is powered by the plant investment protection (PIP)
buses. The Associated Class 1E AC standby lighting system serves the safety-related

divisional areas and the passageways and stairwells leading to the divisional areas.

Each division of Associated Class 1E AC standby lighting is supplied power from its
respective Class IE division (Division I, II, and III). The Associated Class IE AC standby
lighting in the main control room (MCR) is supplied from divisions II and III. The
Associated Class IE standby AC lighting in the division IV battery room and othe
division IV instrumentation and control areas is supplied from division IL

The DC emergencylighting system is comprised of the non-Class IE DC emeq acy
lighting system and the Associated Class 1E DC emergency lighting system. The DC
emergency lighting system provides DC backup lighting, when AC lighting is lost, until
the normal or standbylighting systems are er ergized.The non-Class IE DC emergency
lighting system supplies the lighting needed in plant areas containing non-safety-related
equipment and is supplied by the non-Class IE DC system. The Associated Class IE DC
emergency lighting system supplies the lighting needed in plant areas containing safety'
related equipment.

Each division of Associated Class 1E DC emergency lighting is supplied by power from
5 its respective Class 1E division (Divisions I, II, III, and IV).The Associated Class 1E DC

emergency lighting in the MCR is supplied from divisions II and III.

Lighting and Servicing Power Supply 2.12.17-1
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The guide lamp light system serves stairways, exit routes, and major control areas (MCR
and Remote Shutdown System (RSS) areas). Each Cass IE guide lamp unit is :. aelf-

contained battery pack unit containing a rechargeable battery with a minimum 8-hour
capacity. The Gass IE guide lamp units are supplied AC power from the same power
source that supplies the Associated Gass 1E AC standby lighting system in the area in
which they are located. The non-Class IE guide lamp units in nor.-safety-related plant
areas are supplied power by the non-Class 1E system.

Lighting circuits, excluding lighting fixtures, that are connected to a Class IE power
source are identified as Associated Class IE circuits and are treated as Class 1E circuits.
In the LSPS, independence is prmided between Class 1E divisions, and also between
Class IE divisions and non-Class 1E equipment.

Cass 1E or Associated Class 1E lighting distribution system equipment is identified
according to its Class 1E disision and is located in Seismic Category I structures, and in

its respective divisional areas.

Class 1E or Associated Class IE lighting system cables and raceways are identified
according to their Class 1E division Class IE or Associated Class lE lighting system
cables are routed in their respective divisional raceways and in Seismic Category I
structures. Associated Class 1E DC emergencylighting system cables are not routed with

any other cables and are specifically identified as DC lighting.

Class 1E equipment is classified as Seismic Category 1.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.12.17 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Lighting and
Senicing Power Supply.

O
2.12.17-2 Lighting and servicing Power Supply
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{ Table 2.12.17 Lighting and Servicing Power Supply

inspections, Tests, Analyses and Acceptance Criteria

g Design Commitment inspections, Tests, Analyses Acceptance Criteria
.

3 1. The basic configuration of the LSPS is 1. Inspections of the as-built system will be 1. The as-built LSPS conforms with the basic
I described in Section 2.12.17, conducted. configuration described in Section

) 2.12.17.

$ 2. Each division of Associated Class 1E AC 2. Tests on the Associated Class 1E AC 2. The as-built Associated Class 1E AC
& standby lighting is supplied power from standby lighting will be conducted by standby lighting is supplied power only
{ its respective Class 1E division. providing a test signal in only one Class from its respective Class 1E division.
* 1E division at a time.

3. The Associated Class 1E AC standby 3. Tests on the Associated Class 1E AC 3. The as-built Associated Class 1E AC
lighting in the MCR is supplied from standby lighting will be conducted by standby lighting in the MCR is supplied
Divisions 11 and 111. providing a test signalin only one Class from Divisions il and Ill.

1E division at a time.
9

4. The Associated Class 1E AC standby 4. Tests on the Associated Class 1E AC 4. The as-built Associated Class 1E AC y:

lighting in the Division IV battery room standby lighting will be conducted by standby lighting in the Division IV battery {
and other Division IV instrumentation and providing a test signal in only one Class room and other Division IV g
control areas is supplied from Division it. 1E division at a time. instrumentation and control areas is R

supplied from Division 11. 4

5. Each division of Associated Class 1E DC 5. Tests on the Associated Class 1E DC 5. The as b silt Associated Class 1E DC
emergency lighting is supplied power emergency lighting will be conducted by emergency Sqhting is supplied power
from its respective Class 1E division. providing a test signal in only one Class from its respective Class 1E division.

1E division at a time.

6. The Associated Class 1E DC emergency 6. Tests on the Associated Class 1E DC 6. The as-built Associated Class 1E DC
lighting in the MCR is supplied from emergency lighting will be conducted by emergency lighting in the MCR is
Divisions || and 111. providing a test signal in only one Class supplied from Divisions 11 and Ill.

1E division at a time. p
a
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9 Table 2.12.17 Lighting and Servicing Power Supply (Continued) b
N CD
j inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria M
7. Each Class 1E guide lamp unit is a self- 7. 7.

contained, battery pack unit containing a
a. Inspections of the as-built Class 1E a. The Class 1E guido lamp units are

rechargeable battery with a minimum 8- guide lamp units will be conducted. self-contained, battery pack units
hour capacity. The Class 1E gu,de lampi containing a rechargeable battery
units are supplied AC power from the with a minimum 8-hour capacity.
same power source that supplies the
Associated Class 1E AC standby lighting b. Tests on the as-built Class 1E guide b. The Class 1E guide lamp units are
system in the area in which they are lamp units will be conducted by supplied AC power from the same
located, providing a test signal in only one power source that supplies the

Class 1E division at a time. Associated Class 1E AC standby
lighting system in the area in which it
is located. The Class 1E guide lamp
units are turned on when the y
Associated Class 1E AC standby W
lighting system in the area in which {
they are located is lost. s

8. Lighting circuits, excluding lighting 8. Inspections of the Associated Class 1E 8. The as-built Associated Class 1E lighting k
fixtures, that are connected to a Class 1E lighting circuits will be conducted. circuits are identified as Associated Class
power source are identified as Associated 1E circuits and treated as Class 1E circuits.
Class 1E circuits and treated as Class 1E
circuits.

9. In the LSPS, independence is provided 9. 9.

j between Class 1E divisions, and between
a. Tests on the LSPS will be conducted a. A test signal exists in only the Class

g Class 1E divisions and non-Class 1E by providing a test signalin only one 1E division under test in the LSPS.
} equipment. Class 1E division at a time.
a =
p b. Inspections of the as-built Class 1E b. In the LSPS, physical separation or g
g. divisions in the LSPS will be electrical isolation exists between g
s- conducted. Class 1E divisions. Physical ts

) separation or electrical isolation exists J.
:E between these Class 1E divisions and =

$ non-Class 1E equipment. $
6 E
13 D.
T k
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g Table 2.12.17 Lighting and Servicing Power Supply (Continued) b
5 IIIg Inspections, Tests, Analyses and Acceptance Criteria g
k Design Commitment inspections, Tests, Analyses Acceptance Criteria 33
<n

$ 10. Class 1E or Associated Class 1E lighting 10. Inspections of the as-built Class 1E and 10. The as-built Class 1E and Associated

[ distribution system equipment is Associated Class 1E lighting systems will Class 1E lighting distribution system
identified according to its Class 1E be conducted. equipment is identified according to its=

f division and is located in Seismic Class 1E division and is located in Seismic
4 Category i structures, and in its respective Category I structures, and in its respective
'e divisional areas (except for features in divisional areas (except for features in

h design commitment No. 3,4 and 6). design commitment No. 3,4 and 6).

11. Class 1E or Associated Class 1E lighting 11. Inspections of the as-built Class 1E and 11. The as-built Class 1E and Associated
system cables and raceways, are Associated Class 1E lighting system Class 1E lighting system cables and
identified according to their Class 1E cables and raceways will be conducted. raceways are identified according to their
division. Class 1E division.

12. Cicss 1E or Associated Class 1E lighting 12. Inspections of the as-built Class 1E and 12. The as-built Class 1E and Associated %
system cables are routed in their Associated Class 1E lighting system Class 1E lighting system cables are routed %
respective divisional raceways and in cables and raceways will be conducted. in their respective divisional raceways [
Seismic Category I structures. and in Seismic Category I structures. y

13. Associated Class 1E DC emergency 13. Inspections of the as built Associated 13. Associated Class 1E DC emergency C
lighting system cables are not routed with Class 1E DC emergency lighting system lighting system cables are not routed with
any other cables and are specifically cables will be conducted. any other cables and are specifically
identified as DC lighting. identified as DC lighting.
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2.13.1 Reserve Auxiliary Transformer

No entry. Covered in Section 2.12.1.
,
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2.14.1 Primary Containment System

Design Description
t*

The Primary Containment System (PCS) encompasses:

(1) A reinforced concrete containment vessel (RCCV) with an internal steelliner.
The structure includes various penetrations, equipment hatches and
personnel access locks. This structure provides an essentially leaktight barrier
against the uncontrolled release of radioactivity to the emironment as long : ,
postulated accident conditions require.

(2) Structures inside the primary continment which partition the containment
into drywell and wetwell regions, provide equipment support, radiation
protection, and components for operation of the ABWR pressure suppression
containment.

Figure 2.14.1 shows the basic configuration and scope.

The steel-lined reinforced concrete containment structure supported by a reinforced i

[ concrete basemat provides the primary containment pressure barrier of the RCCV and
\ is classified as ASME Code Section III, Division 2. The reactor pressure vessel (RW)

support pedestal and a diaphragm floor partition the containment volume into dowell
and wetwell regions. The RPV support peuestal is a double shell steel structure filled
with concrete. The diaphragm floor is a reinforced concrete structure. Other major
internal structures within the containment are the reactor shield wall, lower drywell
personnel and equipment access tunnels and the drywell equipment and piping
support structure (DEPSS). These internal structures are steel fabrications.

Penetrations through the containment pressure boundary include the dowell head I

closure, equipment hatches to both upper and lower dowell regions, personnel locks
into upper and lower dowells, a combined personnel access and equipment hatch into j

the wetwell, and piping and electrical penetration sleeves. These pressure boundary
appurtenances are steel structures classified as ASME Code Section III, Division 1, Class
MC. Furthermore, the dowell head closure thickness is equal to or greater than 31.7
mm.

2The containment design pressure is 3.16 kg/cm g. The design temperatures for the
drywell and the wetwell are 171*C and 104 C, respectively. The rnaximum calculated
pressures and temperatures for the design basis accident are less than these design
conditions. The primary containment pressure boundary including penetrations and j

p isolation valves, has a leak rate equal to or less than 0.5% per day (excluding MSIV |

leakage) of the containment gas mass at the maximum calculated containment pressure
for the design basis accident.

Primary Containment System 2.14.1-1
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The reinforced concrete diaphragm floor, separating the upper drywell and the wetwell
gas spaces, has a steel liner plate on the underside. The design differential pressure of

2the diaphragm floor between drywell and wetwellis 1.76 kg/cm in the downward
direction.

The RPV pedestal forms the lower drywell region and consists of a cylindrical double
shell composite steel structure. It is anchored to the basemat and supports the RPV
through a support ring girder. The pedestal also supports the reactor shield wall. The
pedestal consists of two concentric steel cylindersjoined together radially by vertical
steel diaphragms and filled with concrete. The pressure suppression venting paths are
an integral part of the pedestal structure, which includes (1) the ducts which
interconnect the lower and upper drywell regions, (2) the vertical downcomers from
the interconnecting ducts to the horizontal vents, and (3) the horizontal vents that
direct steam into tlx suppression pool. The horizontal vents consist of 30 pipes
uniformly spaced around the perimeter of the pedestalin ten stacks of three each. The

2total horizontal vent area is greater or equal to 11.55 m . The distance from the pedestM
containing these horizontal vents to the outer suppression pool wall is greater than
7.4m. All HVAC ducts, cabling and piping between the upper and lower drywells are
routed through the interconnecting ducts.

Vacuum relief between the drywell volumes and the wetwell gas space is provided by
vacuum breaker valves on piping sleeves penetrating the pedestal wall. Eight normally

2closed swing check valves with a total flow area of at least 1.53 m are provided. Each
vacuum breaker has two position indication switches that provide position indication
and an alarm in the main control room (MCR). The positon switches have adegr. ate
sensitivity to detect the allowable suppression pool (S/P) bypass capability of the
containment.

The water volume in the suppression pool including the vents is equal to or greater than
3,580 cubic meters. The safety relief valve (SRV) discharge lines terminate in standard
"X" type quenchers. The horizontal center line of the safety relief valve discharge line
(SRVDL) quencher arms are located at or below the elevation of the center layer of
horizontal vents in the suppression pool. The quenchers are placed in the suppression
pool in two radial rings. Eighteen of10 equally spaced locations in each radial ring have
quenchers installed.

Water return paths connect the region within the pedestal to the vertical downcomers
and horizontal vent paths. The lower drywell floor is provided with corium protection

2fill of at least 1.5 meters thickness and a minimum 79 m area clear of obstructions to
debris spreading.The corium protection fill contains less than 4 % of calcium carbonate ;

material by weight. Sumps imbedded in the concrete are protected by corium shields.
Thermally activated flooding valves are also located in this region. ;

i

!
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The following PCS components are classified as Seismic CategoryI; the reinforced
concrete containment stmeture, the drywell head, equipment hatches to both upper
and lower drywell regions, personnel locks into upper and lower drywells, the combined
personnel access and equipment hatch into the wetwell, the basemat, the reactor
pedestal, the reactor shield wall, the DEPSS, and containment piping and electrical
penetration sleeves.

The containment internal structures designated Seismic Category I, are designed and

constructed to accommodate the d)mamic and static load conditions and load
combinations associated with the containment design basis accident. The loads to be
applied to these stmetures are associated with: i

(1) Live loads, dead loads, temperature effects and building vibration loads from
normal plant operation.

.

(2) Earthquakes loads from safe shutdown earthquake.

(3) Blowdown pressures and temperature from design basis loss-of<oolant -

accidents.
.

A
(4) Hydrodynamic loads and structural vibrations resulting from steam discharges

into the suppression pool.

(5) Reaction forces on structures resulting from pipe breakjets or fluid impacts.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.14.1 provides a definition of the inspections, tests, and/or analyses, together j

with associated acceptance criteria, which will be undertaken for the Primary
'

Containment System.

!

O
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[ Table 2.14.1 Primary Containment System b
III.,

inspections, Tests Analyses and Acceptance Criteria

g Design Commitment inspections, Tests, Analyses Acceptance Criteria

5 1. The basic configuration of the PCS is as 1. Inspections of the as-built system will be 1. The as-built PCS conforms with the basic
I shown on Figure 2.14.1. conducted. configuration shown on Figure 2.14.1.

f 2. The primary containment pressure 2. Inspections of ASME Code required 2. An ASME Code Certified Stress Report
3 boundary defined in Section 2.14.1 is documents will be conducted. exists for the pressure boundary

designed to meet ASME Code, Section lli components.
requirements.

3. The ASME Code pressure boundary 3. A structural integrity test (SIT) will be 3. The results of the SIT of the pressure
components of the PCS retain their conducted on the pressure boundary boundary components conform with the
integrity under internal pressures that will components of the PCS per ASME Code requirements of the ASME Code.
be experienced during service. requirements.

4. The maximum calculated pressures and 4 Analyses of the design basis accident will 4. The maximum calculated pressures and y
temperatures for the design basis be performed using as-built PCS data. temperatures are less than design g

{accident are less than design conditions. conditions.

5. The primary containment pressure 5. An integrated leak rate test of the primary 5. The primary containment pressure ip

boundary including penetrations and containment will be conducted. boundary includiig penetrations and [
isolation valves has a leak rate equal to or isolation valves has a leak rate equal to or
less than 0.5% per day (excluding MSIV less than 0.5% per day (excluding MSIV
leakage) of containment gas mass at the leakage) of containment gas mass at the
maximum calculated containment maximum calculated containment
pressure for the design basis accident. pressure for the design basis accident.

6. The design differential pressure of the 6. An SIT will be conducted of the 6. An SIT report exists concluding that the
diaphragm floor between the drywell and diaphragm floor with the drywell pressure diaphragm floor is able to withstand the

2wetwell is 1.76 kg/cm in the downward greater than wetwell pressures by 1.15 design differential pressure.
direction. times the design differential pressure. p

B
7. The horizontal vent system consists of 30 7. Inspection of the installed horizontal vent 7. Confirmation that horizontal vent system gi

vents configured as described in Section system will be conducted. is configured as described in Section g
2.14.1. 2.14.1. p,

W
8. MCR displays and alarms provided for the 8. Inspections will be performed on the MCR 8. Displays and alarms exist or can be =

3 PCS are as defined in Section 2.14.1. displays and alarms for the PCS. retrieved in the MCR as defined in Section k
O 2.14.1. 3,
in tt.
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y Table 2.14.1 Primary Containment System (Continued) b
^ W
s inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria %

9. The vacuum breaker position switches 9. Analysis of the as-built vacuum breakers 9. The vacuum breaker position switches
have adequate sensitivity to detect the will be performed. These analyses will have adequate sensitivity to detect the
allowable S/P bypass ccpability of the determine the maximum vacuum breaker allowable S/P bypass capability of the
containment. flow area (drywell to-wetwell) wich could containment.

exist undetected by the as-installed
position switches. The loss coefficients
associated with the flow area will be
evaluated on the basis of the drywell-to-
wetwell flow path geometric details. The
ilow area and loss coefficients will be
combined into an overall drywell- to-
wetwell A./E factor which will be
compared to the allowable value. g

10. The water volume in the suppression pool 10. Analyses of the as-built PCS will be 10. The water volume in the suppression pool fincluding the vents is equal to or greater performed. including the vents is equal to or greater y

3 3than 3580 m . than 3580 m . {
'11. The SRVDL quencher arms are located at 11. Inspection of the installed SRVDL 11. The SRVDL quenchers are located within

or below the elevation of the center layer quenchers will be conducted. the suppression pool as described in
of horizontal vents in the suppression Section 2.14.1.
pool. The quenchers are placed in the
suppression pool in two radial ring.
Eighteen of 10 equally snaced locations in
each radial ring have quenchers installed.

12. The corium protection fill contains less 12. Tests will be performed on corium 12. Corium protection fill contains less than

f than 4% of calcium carbonate material by protection fill materials to determine the 4% of calcium carbonate material by n
j weight. calcium carbonate content in a test facility weight. $m
{ 13. Lower drywellimbedded sumps are 13. Inspections of the lower drywell sump 13. Lower drywellimbedded sumps are 2.

p. protected by corium shields. corium protection shields will be protected by corium shields. E'
g performed. $-
o =

4
2 a
67 m
3 E

O O O
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? Table 2.14.1 Primary Containment System (Continued) b
3 CD
$ Inspections, Tests, Analyses and Acceptance Criteria
o
g Design Commitment inspections Tests, Analyses Acceptance Criteria

[ 14. The containment internal structures are 14. A structural analysis will be performed 14. A structural analysis report exists which
3 able to withstand the structural design which reconciles the as-built data with concludes that the as-built internal
To basis loads as defined in Section 2.14.1. structura! design as defined in Section structures are able to withstand the
j 2.14.1. design basis loads as defined in Section
3 2.14.1.
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2.14.2 Containment internal Structures .
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4

No entry. Covered in Section 2.14.1. i
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2.14.3 Reactor Pressure Vessel Pedestal

No entry. Covered in Section 2.14.1.
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2.14.4 Standby Gas Treatment System

Design Description

The Standby Gas Treatment System (SGTS) is used to filter the gaseous efIluent from
either the primary or secondary containment. The purpose of the SGTS is to limit the
discharge of radioactivity to the emironment on receipt of a signal from the Leak
Detection System (LDS). SGTS consists of two redundant divisions. SGTS consists of two

redundant division. Figure 2.14.4 shows the basic system configuration and scope.

The SGTS is classified as safety-related.

Each division of the SGTS (except cooling fan and associated damper) is automatically
initiated by signals from the LDS. Each SGTS division can be manually initiated from

Main Control Room (MCR).

The SGTS maintains a negative pressure of 6.35 mm water gauge or greater in the
secondary containment relative to the outdoor atmosphere within 20 minutes when the
secondary containment is isolated. Each SGTS process fan capacity is at least

36800 m /hr (21 C and I atmosphere abs.) with the secondary containment not7
isolated. The absorber efficiency for removal of all forms ofiodine (elemental, organic,
particulate, and hydrogen iodide) from the influent stream is at least 995

After SGTS initiation, each cooling fan starts automatically when a signal indicates that
the process fan in that dhision is not operating.

The SGTS has four safety-related differential pressure sensors for monitoring secondary
containment pressure with respect to ambient pressure outside. One sensor is located
on each of the four sides of the Reactor Building.

The SGTS is classified as Seismic Category I.

The SGTS is located in the Reactor Building.
'

The SGTS Dhision B is powered from Class lE Dhision II, except for the cooling fan
and associated damper, which is powered by Class 1E Dhision III. The SGTS DhSion C
is powered from Class 1E Division III, except for the cooling fan and associated damper,
which is powered by Class IE Dhision II. Each of the four differential pressure sensors
is powered from its respective Class 1E division. In the SGTS. independence is pmvided
between Class IE dhisions and also between the Class lE dhisions and non-Class IE
equipment.

f Except for the common connection to the plant stack, each mechanical dhision of the

( SGTS (Dhisions B and C) is physically separated from the other division.

,

Standby Gas Treatment System 2.14.4 1
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The SGTS has the following displays and controls in the main control room:

(1) Parameter displays for the instruments shown on Figure 2.14.4.

(2) Controls and status indication for the active safety-related components shown
on Figure 2.14.4.

(3) Manual system level initiation capability.

The safety-related electrical equipment is shown on Figure 2.14.4 and located in the
Reactor Building is qualified for a harsh emironment.

,

|

| Inspections, Tests, Analyses and Acceptance Criteria ;

i

Table 2.14.4 provides a deSnition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, that will be undertaken for the SGTS.

1

O

O
2.14.4-2 Standby Gas Treatment System

,

i

_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ .__ _ _ _ _



. _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ . _ _ _ _ _ _ -

O
, ,
= w0 FROM 3'1 PRIMARY h ga CONTAINMENT

DIVISION B PR SS g -

STACK
' ^

SGTSa, FILTER TRAINg g pe
m
j @ FE

m
3 FROM y COOUNG QSECONDARY >bd - FAN

CONTAINMENT pq

FROM N
PRIMARY $

CONTAINMENT

nlVISION C PROCESS @
FAN (ACS

FILTER TRAIN
SGTS

[u] FE
FROM- >

SECONDARY >bd 4 COOLING
CONTAINMENT FAN

r +

e
hSIDE 1 SIDE 2 SIDE 3 SIDE 4

:ReAc10e eu,<DINO , ~ ~ --. .- ~ ~ ~-. ,-~~~~ . ~ ~ - ~~
a

8 8 8 -@ i-
t B
D Figure 2.14.4 Standby Gas Treatment System $

'

--_-_ ____- _ - _-__.- _-



E Table 2.14.4 Standby Gas Treatment System b
b 03
A Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the SGTS is as 1. Inspections of the as-built system will be 1. The as-built SGTS conforms with the
shown on Figure 2.14.4. conducted. basic configuration shown on Figure

2.14.4.

2. Each division of the SGTS (except cooling 2. Tests will be conducted on each as-built 2. The process fan starts and dampers open
fan and associated damper)is SGTS division using simulated initiation to allow process flow.
automatically initiated by signals from the signals.
LDS.

3. Each SGTS division can be manually 3. Tests will be conducted by initiating each 3. Each division of the SGTS receives an
initiated from the MCR. division manually, initiation signal.

4. 4. 4.

a. The SGTS maintains a negative a. Tests will be conducted on each as- a. The SGTS maintains a negative %

pressure of 6.35 mm water gaogo or built SGTS division. pressure of 6.35 mm water gauge or 5
greater in the secondary containment greater in the secondary containment k
relative to the outdoor atmosphere relative to the outdoor atmosphere ;p
within 20 minutes when the within 20 minutes when the [
secondary centainment is isolated. secondary containment is isolated.

b. Each SGTS process fan capacity is at b. Tests will be conducted on each as- b. Each SGTS process fan capacity is at
3 3least 6800 m /hr (at 21 C, built SGTS division. least 6800 m /hr (at 21*C,1

1 atmosphere abs.) with the atmosphere abs.) with the secondary
secondary containment not isolated. containment not isolated.

5. After SGTS initiation, each cooling fan 5. Tests will be conducted on each division 5. The cooling fan starts automatically when
5p starts automatically when a signal using signals indicating that the process a signalindicates that the process fan is
S !ndicates that the process fan in that fan is not operating. not operating.
k division is not operating. @

B.n
b 6. Each filter train will have at least 99% 6. 6. Each filter train will have at least 99% @

rem val efficiency for all forms of iodine hjy removal efficiency for all forms of iodine a. Tests will be conducted on each as_
(elemental, organic, particulate and g,g (elementai, organic, particulate and built filter train.

hydrogen iodide). hydrogen iodide). =w

{ b. Tests in test facility will be conducted g
1|i the iodine absorbing material. g
& :a.
3 !P

O O O
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p Table 2.14.4 Standby Gas Treatment System (Continued) b
h inspections, Tests, Analyses and Acceptance Criteria

[ Design Commitment inspections, Tests, Analyses Acceptance Criteria
s
j 7. The SGTS Division B is powered from 7. 7.

j Class 1E Division 11, except for the cooling a. Tests will be performed on the SGTS a. The test signal exists only in the Class

power b lass 1E D vis o ill T e as 1 v s on at t e.
;; SGTS Division C is powered from Class
3 1E Division 111, except for the cooling fan b. Inspections of the as-built Class 1E b. In the SGTS, physical separation or

and associated damper, which is powered divisions in the SGTS will be electrical isolation exists between
by Class 1E Division 11. Each of the four performed. Class 1E divisions. Physical
differential pressure sensors is powered separation or electrical isolation exists
from its respective Class 1E division. In between Class 1E divisions and non-
the SGTS, independence is provided Class 1E couipment.
between Class 1E divisions and also
between the Class 1E divisions and non- %
Class 1E equipment. 9

$8. Except for the common connection to the 8. Inspections of the as-built the SGTS will 8. Each mechanical division of the SGTS is y

plant stack, each mechanical division of be performed. physically separated from other @
the PGTS (Divisions B and C)is physically mechanical division of the SGTS by C
separated from the other division. structure and/or fire barriers.

!9. MCR displays and controls provided for 9. Inspections will be performed on the MCR 9. Displays and controls exist or can be
the SGTS are as defined in Section 2.14.4. displays ar'd controls for the SGTS. retrieved in the MCR as defined in Section

2.14.4.
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2.14.5 PCV Pressure and Leak Testing Facility

No enty for this system.
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2.14.6 Atmospheric Control System i

Design Description
i

The Atmospheric Control (AC) System consists of a nitrogen supply, injection lines,
exhaust lines, bleed line, valves, controls, and instrumentation. The AC System also has
the containment overpressure protection system (COPS). Figure 2.14.6 shows the basic
system configuration and scope.

The AC System is capable of providing an inert atmosphere within the primary
containment.

Except for the primary containment penetrations, isolation valves, and suppression
pool level sensors, the AC System is classified as non-safety-related.

The outer rupture disk of the COPS has a rupture differential pressure ofless than 0.306
2kg/cm . The inner rupture disk of the COPS is selected such that the COPS has an

actuation pressure of 7.34 kg/cm2 (absolute) 5%. The COPS has the capacity to allow !

at least 28 kg/sec steam flow when the containment is at the actuation pressure of the
system.

(
( The AC System primary containment penetrations, isolation valves, and suppression

pool level sensors are classified as Seismic Category I. Figure 2.14.6 shows the ASME
Code class for the AC System piping and components.

AC System components are located in the Reactor Building, except for the nitrogen
supply.

Figure 2.14.6 shows the Class 1E divisional power assignments for the AC System
components. In the AC System, independence is provided between the Class 1E
divisions, and also between the Class IE divisic s and nonClass 1E equipment.

The main control room has control and open/c.ase status indication for the
containment isolation valves.

AC System components with displayinterfaces with the Remote Shutdown System (RSS)
are shown on the Figure 2.14.6.

The safety-related electrical equipment located in the Reactor Building is qualified for
a harsh emironment.

The COPS pneumatic actuated valves shown on Figure 2.14.6 have active safety-related

g funetions to both open and close, and perform these functions against a pressure of 7.34

( kg/cm2 (absolute) i5% and under fluid flow and temperature conditions.
s.,

|

Atmospheric Control System 2.14.6-1
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The two valves in the containment overpressure protection system fail open on loss of
pneumatic pressure or loss of electrical power to the valve actuating solenoid. The other
pneumatic valves shown on Figure 2.14.6 fail closed on loss of pneumatic pressure or
loss of electrical power to the valve actuating solenoids.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.14.6 provides a definition of the inspections, tests and/or analyses, together
with associated criteria, which will be undertaken for the AC System.

O

,

9
2.14 6-2 Atmospheric Controlsystem
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P Table 2.14.6 Atmospheric Control System b
^ l|0
I Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the AC System 1. Inspections of the as-built AC System will 1. The as-built AC System conforms with the
is as shown on Figure 2.14.6. be conducted, basic configuration shown on

Figure 2.14.6.

2. The ASME Code components of the AC 2. A pressure test will be conducted on 2. The results of the pressure test of the
System retain their pressure boundary those Code components of the AC ASME Code components of the AC
integrity under internal pressures that will System required to be pressure tested by System conform with the requirements in
be experienced during service. the ASME Code. ASME Code Section 111.

3. The outer rupture disk of the COPS has a 3. Tests will be conducted in a test facility to 3. The outer rupture disk of the COPS has a
rupture differential pressure of less than determine rupture disk bursts conditions. rupture differential pressure of less than

2 20.306 kg/cm .The inner rupture disk of 0.306 kg/cm .The inner rupture disk of
the COPS is selected such that the COPS the COPS is selected such that the COPS

2 2has an actuation pressure of 7.34 kg/cm has an actuation pressure of 7.34 kg/cm %

(absolute)iSE (absolute)iS%.

4. The COPS has the capacity to allow at 4. Analyses of the steam flow rate will be 4. The COPS has the capacity to allow at ;
least 28 kg/sec steam flow when the conducted for as-built system. These least 28 kg/sec steam flow when the ||!
containment is at the actuation pressure analyses will consider compressible containment is at the actuation pressure 4

| of the system. steam flow and the as-built system loss of the system.
i coefficients.
l

5. Figure 2.14.6 shows the Class 1E 5. 5.
divisional power assignments for the AC a. Tests will be performed in the AC a. The test signal exists only in the Class
System components, in the AC System, System by providing a test signal in 1E division under test in the AC
independence is provided between Class only one Class 1E division at a time. System.
1E divisions, and between Class 1E

h divisions and non-Class 1E equipment. b. Inspections of the as-installed Class b. In the AC System physical separation
@ 1E divisions in the AC System will be or electrical isolation exists between *

i performed. Class 1E divisions. Physical fi
3. separation or electrical isolation =.

. E exists between these Class 1E @

{-
| | divisions and non-Class 1E

St. equipment. g
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b Table 2.14.6 Atmospheric Control System (Continued) b
3 tn
{ laspections, Tests, Analyses and Acceptanco Criteria g
E,. Design Commitment inspections, Tests Analyses Acceptance Criteria 25

[ 6. Main control room displays and controls 6. Inspections will be performed on the 6. Displays and coretrols exist or can be
q provided for the AC System are as main control room displays and controls retrieved in the main control room as
m defined in Section 2.14.6. for the AC System. defined in Section 2.14.6.
h
3 7. RSS displays provided for the AC System 7. Inspections will be performed on the RSS 7. Displays exist on the RSS as defined in

are as defined in Section 2.14.6. displays for the AC System. Section 2.14.6.

8. The COPS pneumatic actuated valves 8. Tests will be conducted in a test facility for 8. Upon receipt of an actuating signal, each
shown on Figure 2.14.6 have active both opening and closing under valve both opens and closes,
safety-related functions to both open and differential pressure, fluid flow and
close, and perform these functions temperature conditions.

2against a pressure of 7.34 kg/cm
(absolute)15% and under fluid flow and
temperature conditions. %w

f9. The two valves in the containment 9. Tests will be conducted on the as-built AC 9. The two valves in the containment
overpressure protection system fail open System pneumatic valves. overpressure protection system fail open y

on loss of pneumatic pressure or loss of on loss of pneumatic pressure or loss of @
ciectrical power to the valve actuating electrical power to the valve actuating $
solenoid. The other pneumatic valves solenoid. The other pneumatic valves
shown on Figure 2.14.6 fail closed on loss shown on Figure 2.14.6 fail closed on loss
of pneumatic pressure or loss of electrical of pneumatic pressure or loss of electrical
power to the valve actuating solenoids. power to the valve actuating solenoids.

&
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2.14.7 Drywell Cooling System

Design Description

The Drywell Cooling (DWC) System circulates the dr)well atmosphere through coolers,
thus maintaining its temperature during plant operation. Figure 2.14.7 shows the basic
system configuration and scope.

The DWC System consists of three fan coil units and two chilled water units. Each fan
coil unit consists of a cooling coil and a fan. These units are cooled by the Reactor
Building Cooling Water (RCW) System. Each chilled water unit consists of a cooling coil
only. These units are cooled by the Heating Ventilating and Air Conditioning Normal
Cooling (HNCW) System.

The DWC System is classified as non-safety-related.

The DWC System is located inside the drywell.

Inspections, Tests, Analyses and Acceptance Criteria

D Table 2.14.7 provides a definition of the inspections, tests and/or analyses, together

( with associated acceptance criteria, which will be undertaken for the DWC Sptem.

O
Dr>well Cooling System 2.14.7 1
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g Table 2.14.7 Drywell Cooling System b*

%4
inspections, Tests, Analyses and Acceptance Criteria

g Design Commitment inspections, Tests, Analyses Acceptance Criteria

I $ 1. The basic configuration of the DWC 1. Inspections of the as-built system 1. The as-built DWC System conforms with
( ) System is as shown on Figure 2.14.7. configuration will be conducted. the basic configuration shown in Figure

3 2.14.7.
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2.14.8 Flammability Control System

Design Description

The Flammability Control System (FCS) is provided to control the potential buildup of
hydrogen and oxygen in the containment from radiolysis of water after a design basis
loss-of-coolant accident (LOCA). The system consists of two independent and
redundant hydrogen and oxygen recombiners. Cooling water required for operation of
the system after a LOCA is taken from the Residual Heat Removal (RHR) System. Figure
2.14.8 shows the basic system configuration and scope.

The FCS is classified as safety-related.

After a LOCA, the system can be manually actuated from the main control room if high
oxygen concentrations exist in the primary containment. Each recombiner removes gas
from the drywell, recombines the oxygen with hydrogen, and returns the gas mixture,
along with the condensate to the wetwell.

The system is classified as Seismic Category 1. Figure 2.14.8 shows ASME Code class for

the FCS piping and components.

1

( The FCS is located in the Reactor Building.
4

Each of the two FCS divisions is powered from the respective Class IE division as shown
!on Figure 2.14.8. In the FCS, independence is provided between Class 1E divisions, and

also between the Class IE dhisions and non-Class 1E equipment.
:

Each mechanical division of the FCS (Dhisions B and C) is physically separated from ;
'

the other division.

The FCS has the following displays and controls in the main control room:

(1) Controls and status indication for the valves shown on Figure 2.14.8.

|

| (2) Controls and status indication for the recombiner unit.

FCS components with display and control interfaces with the Remote Shutdown System
(RSS) is shown on Figure 2.14.8.

The safety-related electrical equipment shown on Figure 2.14.8, and included in the
recombiner units, is qualified for a harsh emironment.

The motor operated valves (MOVs) shown on Figure 2.14.8 and active safety-related
MOVs in the recombiners,if any, have active safety-related functions to both open and

j close, and perform these functions under differential pressure, fluid flow, and
temperature conditions.

Flammability ControlSystem 2.14.g.1
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O
The check valves (CVs) shown on Figure 2.14.8 have active safety-related functions to
both open and closer under system pressure, fluid flow, and temperature conditions.

The pneumatic valves shown on Figure 2.14.8 fail to the closed position in the event of
loss of pneumatic pressure or loss of electrical power to the valve actuating solenoids.

Inspections, Tests, Analyses and Acceptance Criterial

Table 2.14.8 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the FCS.

,

.
,

O
2.14.8-2 Flammability ControlSystem
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U Table 2.14.8 Flammability Control System b
C IU
A Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration for the FCS is as 1. Inspections of the as-built system will be 1. The as-built FCS conforms with the basic
shown on Figuro 2.14.8. conducted. configuration shown on Figure 2.14.8.

2. The ASME Code components of the FCS 2. A pressure test will be conducted on 2. The results of the pressure test of the
retain their pressure boundary integrity those Code components of the FCS ASME code components of the FCS
under internal pressures that will be required to be pressure tested by the conform with the requirements in the
experienced during service. ASME code. ASME Code, Section Ill.

3. Each of the two FCS divisions is powered 3. 3.
from the respective Class 1E division as a. Tests will be performed in the FCS by a. The test signal exists only in the Class
shown on Figure 2.14.8. In the FCS, providing a test signal in only one 1E division under test in the FCS.
Independence is provided between Class Class 1E division at a time.
1E divisions, and between Class 1E
divisions and non-Class 1E equipment. b. Inspection of the as-installed Class 1E b. Physical separation or electrical o

divisions in the FCS will be isolation exists between Class 1E $
performed. divisions in the FCS. Physical k

separation or electrical isolation exists jp
between Class 1E divisions and non- 5

"
Class 1E equipment in the FCS.

4. Each mechanical division of the FCS 4. Inspectic *s of the as-built FCS wHI be 4. Each mechanical division of the FCS is
(Divisions B, C) is physically seperated conducted. physically separated from the other
from the other divisions. mechanical divisions of FCS by structural

and/or fire barriers.

5. Main control room displays and controls 5. Inspections will be performed on the main 5. Displays and controls exist or can be
provided for the FCS are as defined in control room displays and controls for the retrieved in the main control room as

y Section 2.14.8. FCS. defined in Section 2.14.8.
3 &
s 6. RSS display and control provided for the 6. Inspections will be performed on the RSS 6. Display and control exists on the RSS as i},

h FCS are as defined in Section 2.14.8. display and control for the FCS. defined in Section 2.14.8. {
k 7. MOVs designated in Section 2.14.8 as 7. Tests of installed valves for both opening 7. Upon receipt of the actuating signal, each y
3 having an active safety-related function and closing will be conducted under MOV both opens and closes, depending @
i open and close under differential pressure preoperational differential pressure, fluid on the valve's safety function. $
{ and fluid flow and temperature flow, and temperature conditions. g

*

g gconditions.

O O O
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p Table 2.14.8 Flammability Control System (Continued) b
3 tti
j l.ispections, Tests, Analyses and Acceptance Criteria

4 Design Commitment Inspections Tests, Analyses Acceptance Criteria 33

k 8. CVs designated in Section 2.14.8 as 8. Tests of installed valves for both opening 8. Based on the direction of the differential

{ having an active safety-related function and closing will be conducted under pressure across the valve, each CV opens
% open and close under system pressure, preoperational system pressure, fluid or closes depending upon the valve's

} fluid flow, and temperature conditions. flow, and temperature conditions. safety functions.
3

9. The pneumatic valves shown on Figure 9. Tests will be conducted on the as-built 9. The pneumatic valves shown on Figure
2.14.8 fail close in the event of loss of FCS pneumatic valves. 2.14.8 fail close in the event of loss of
pneumatic pressure or loss of electrical pneumatic pressure or loss of electrical
power to the valve actuating solenoid. r'ower to the valvo actuating solenoid.
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2.14.9 Suppression Pool Temperature Monitoring System '

;

Design Description

The Suppression Pool Temperature Monitoring (SPDi) System monitors the
suppression pool water temperature and prmides signals for initiation of automatic
scram on high suppression pool temperature. Figure 2.14.9 shows the SPDi System
controlinterfaces.

The SPBf System is classified as a Cass IE safety-related system and consists of four
Gass 1E divisions (Division I, II, III, and IV) of temperature sensors and their respective
logic processors.

The SPDi System temperature sensors are located in the suppression pool. There are
four divisions of temperature sensors in each quadrant of the suppression pool.

:

In each SPDi System division, the suppression pool average temperature is calculated
by the logic processors using output signals from the temperature sensors. In each
SPTM System division, a suppression pool average temperature trip signalis generated
by the logic processor and sent to the Reactor Protection System (RPS) when its
respective divisional average temperature signal exceeds the high suppression pool,

( average temperature setpoint. j
*

Each of the four SPTM System divisionallogics is powered from its respective dhisional
Gass IE power supply. Independence is provided between Gass IE divisions, and also
between Gass 1E divisions and non{ lass IE equipment.

The SPDi System temperature sensors are located in the suppression pool; the SPDi
System logic processors are located in the Control Building.

The SPDi System has parameter displays for suppression pool temperatures in the
main control room (MCR).

The SPDi System provides Dhision I and 11 suppression pool temperature displays to
the Remote Shutdown System (RSS).

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.14.9 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the SPTM System.

m

%d
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& Table 2.14.9 Suppression Pool Temperature Monitoring System b
3 tig

inspections Tests Analyses and Acceptance Criteria, ,

Design Commitment inspections, Tests, Analyses Acceptance Criteria3

@
2. 1. The equipment comprising the SPTM 1. Inspection of the as-built system will be 1. The as-built SPTM System conforms with

{ System is defined in Section 2.14.9. conducted. the description in Section 2.14.9.

$ 2. In each SPTM System division, the 2. Tests will be conducted in each division of 2. In each SPTM System division, a

k suppression pool average temperature is the SPTM System using simulated suppression pool average temperature
g calculated by the logic processors using temperature sensor signals. trip signalis generated by the logic
g output signals from the temperature processor and sent to the RPS when its
& sensors. In each SPTM System division, a respectivo divisional average temperature
j suppression pool average temperature signal exceeds the high suppression pool
to trip signal is generated by the logic average temperature setpoint.
j processor and sent to the RPS when its
9 respective divisional average temperature

signal exceeds the high suppression pool y
average temperature setpoint. p

k3. Each of the four SPTM System divisional 3. 3.
logics is powered from its respective a. Tests will be performed on the SPTM a. A test signal exists only in the Class fdivisional Class 1E power supply. In the System by providing a test signalin 1E division under test in the SPTM N
SPTM System, independence is provided only one Class 1E division at a time. System,
between Class 1E divisions, and between
Class 1E divisions and non-Class 1E b. Inspections of the as-built Class 1E b. In the SPTM System, physical
equipment. divisions in the SPTM System will be separation or electrical separation

performed. exists between Class 1E divisions.
Physical separation or electrical
isolation exists between these Class
1E divisions and non-Class 1E
equipment.

4. MCR displays provided for the SPTM 4. Inspections will be conducted on the MCR 4. Displays exist or can be retrieved in the hSystem are as defined in Section 2.14.9. displays for the SPTM System. MCR as defined in Section 2.14.9. g
5. RSS displays provided for the SPTM 5. Inspections will be conducted on the RSS 5. Displays exist on the RSS as defined in y

System are as defined in Section 2.14.9. displays for the SPTM System. Section 2.14.9. g-
U it

4 : I
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2.15.1 Foundation Work
!

No enny. Covered in Secdon 2.15.10.
,
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2.15.2 Turbine Pedestal
i
'

No entry. Covered in Section 2,15.11. ;
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2.15.3 Cranes and Hoists !

Design Description I

Cranes and Hoists are used for maintenance and refueling tasks.

During refueling /senicing, the Reactor Building (R/B) crane handles the shield plugs, ,

dqwell and reactor vessel heads, and the steam dryer / separators. The minimum crane
coverage includes the R/B refueling floor laydown area, and the R/B equipment
storage pit. During plant operation, the crane handles new fuel shipping containers and ,

the spent fuel shipping casks. For these activities, the minimum crane covenge includes
the new fuel vault, the R/B equipment hatches, and the spent fuel cask loading and ;

washdown pits.

The upper drywell hoists are used during outages to senice valves and equipment inside

the upper drywell.

The lower drywell hoists senice valves and equipment inside the lower dgwell during
outages.

.

The Cranes and Hoists are classified as non-safety-related.

The R/B crane is interlocked to prevent movement of heavy loads over the spent fuel 1

storage portion of the spent fuel storage pool. The hoisting and braking system of the
R/B crane are redundant.

|

The R/B crane has a lifting capacity greater than or equal to the heaviest expected load.

I
The upper dowell hoists and lower dqwell hoists are classified as Seismic Category I.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.15.3 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Cranes and Hoists.

r

Crsnes and Hoists 2.15.3-1



U Table 2.15.3 Cranes ,.nd Hoists b
C tiu
4 Inspections, Tests, Analyses and Acceptance Criteria

| Design Commitment inspections, Tests, Analyses Acceptance Criteria

| 1. The basic configuration of the Cranes and 1. Inspection of the as-built system will be 1. The as-built Crancs and Hoists System
Hoists System is described in Section conducted. conforms with the description in Section
2.15.3. 2.15.3

2. The R/B crane is interlocked to prevent 2. Tests will be conducted of the as-built fVB 2. The IVB crane interlock prevents the
movement of heavy loads over the spent crane movement using a heavy load. carrying of a load greater than one fuel
fuel storage portion of the spent fuel assembly and its associated handling
storage pool. devices over the spent fuel storage

portion of the spent fuel storage pool.

3. The R/B crane has a lifting capacity 3. Analyses will be performed to determine 3. The rated load for the as-built FVD crane
greater than or equal to the heaviest the heaviest expected load. Load tests of equals or exceeds the heaviest expected
expected load. the as-built R/B crane will be conducted. load. The R/B crane carries:

a. A static load at 125% of rated load. $
b. An operationalload at 100% of rated f

load. ;p
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2.15.4 Elevators

No entry for this system.
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2.15.5 Heating, Ventilating and Air Conditioning Systems

Design Description

Control Room Habitability Area HVAC System ;

The Control Room Habitability Area (CRHA) Heating, Ventilating and Air
Conditioning (HVAC) System provides a controlled emironment for personnel
comfort and safety, and for the operation of equipment in the main control area
envelope (MCAE). The system consists of two (redundant) divisions. Each division
consists of an air conditioning unit with two supply fans, two exhaust fans, and an
emergency filtration unit with two circulating fans. The emergency filtration unit will ',

have at least 95% removal efficiency for all forms ofiodine (elemental, organic, ,

particulate, and hydrogen iodide) from the influent system.

Toxic gas monitors may be required in the outside air intakes of the CRHA HVAC
System; these sensors a e not in the CertiSed Design.

,

Figure 2.15.5a shows the basic configuration and scope for the CRHA HVAC System.

The CRHA HVAC System is classified as safety-related.

t The CRHA HVAC System operates in the following modes:

(1) Normal operating.

(2) High radiation.

(3) Outside smoke.
,

(4) Smoke removal.

'Normal Operating Mode
,

In the normal operating mode, one air conditioning unit, one supply fan, and one
exhaust fan operate in each division. The exhaust fan automatically starts when the
supply fan is started.

The MCAE is maintained at a minimum pressure of 3.2 mm water gauge above the )
outside atmosphere.

High Radiation Mode

On receipt of a Process Radiation Monitoring (PRM) System signal for high ,

'

radiation in the outside air intake of the operating division, the normal outside air
intake dampen close, the exhaust air dampers close, the exhaust fan stops, the
minimum outside air intake dampers open, and one fan of the emergency filtration
unit starts.

Hesting. Ventilating and Air Conditioning Systems 2.15.5-1
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In the high radiation mode, a positive pressure of at least 3.2 mm water gauge is
maintained in the hiCAE relative to the outside atmosphere. Each emergency
filtration unit treats a mixture of MCAE recirculated air and outside makeup air to

3maintain the positive pressure with not more than 360 m per hour (@ 760 mm Hg,
O C) of outside air.

The redundant division of the CRHA HVAC System starts on a low flow signal from
the operating emergency filtration unit. The redundant division is connected to an
outside air intake, which is separated from the other intake by a minimum of 50m.

Outside Smoke Mode

When smoke detection sensors in the operating outside air intake detect smoke, a
signal will initiate MCAE air recirculation by isolating the outside air intake, closing

,

the exhaust damper and stopping the exhaust fan.

Smoke Remove

The smoke removal mode is manuallyinitiated by closing the recirculation damper,
stopping the exhaust fan, and opening the exhaust fan bypass damper to allow
outside air purging of the MCAE.

The remaining discussion in this section is not mode-specific and applies (unless stated
otherwise) to the entire CRHA HVAC System.

MCAE temperature is maintained between 21 C and 26 C, with a relative humidity
between 10% and 60%, except when in the smoke removal mode.

The CRHA HVAC System is classified as Seismic Category I. The CRHA HVAC System
is located in the Control Building.

Each of the two CRHA HVAC System dhisions is powered from the respective Class IE
dhision as shown on Figure 2.15.5a. In the CRHA HVAC System, independence is
provided between Class lE dhisions, and also between the Class IE divisions, and non-
Class IE equipment.

Each mechanical division of the CRHA HVAC System (Dhisions B and C) is physically
separated from the other dhision, except for the common ducts in the MCAE.

Fire dampers with fusible links in HVAC duct work close under air flow conditions.

The CRHA HVAC System has the following displays and controls in the main control
room:

(1) Controls and status indication for the active safety-related components shown
on Figure 2.15.5a.

2.1552 Heating, Ventilating and Air Conditioning Systems
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(2) Parameter displays for the instruments shown on Figure 2.15.5a, except for
the smoke detectors.

Interface Requirements

Toxic gas monitors will be located in the outside air intakes of the CRHA HVAC System,
if the site is adjacent to toxic gas sources with the potential for releases of significance
to plant operating personnelin the MCAE. These monitors should have the following
requirements:

(1) Be located in the outside air intakes of each division of the CRHA HVAC
System.

(2) Be capable ofdetecting toxic gas concentrations atwhich personnel protective
actions must be initiated.

Control Building Safety-Related Equipment Area HVAC System

The Control Building Safety-Related Equipment Area (CBSREA)HVAC System
provides a controlled temperature emironment for the operation of equipment in the
Control Building, excluding the MCAE. The system also limits hydrogen concentreion

( in the battery rooms. The CBSREA HVAC System consists of three independent safety-

( related divisions, each sening a designated area. Each division consists of an air
conditioning unit with two supply fans, and two exhaust fans.

The CBSREA HVAC System also ventilates rooms that contain non-safety-related
equipment and provides supplemental cooling in these rooms using non-safety-related
fan coil units (FCUs).

The basic system configuration and scope for the CBSREA HVAC System is shown on
Figures 2.15.5b,2.15.iic and 2.15.5d.

The CBSREA HVAC System is classified as safety-related except for the FCUs.

The CBSREA HVAC System operates in the following modes:

(1) Normal operating mode, including accident conditions.

(2) Smoke removal mode.

j Normal Operating Mode
j In the normal operating mode, one air conditioning unit, one supply fan, and one
) exhaust fan of each division operate. The exhaust fan automatically starts when the

supply fan is started.

In the areas served by the CBSREA HVAC System, the temperature is maintained
below 40 C.

Heating, Ventilating and Air Conditioning Systems 2.15.5-3
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Hydrogen concentration is maintained at less than 2% by volume in the battery
rooms.

Smoke Removal Mode
The smoke removal mode is manually initiated by closing the recirculation damper,
stopping the exhaust fan, and opening the exhaust fan bypass damper to allow
outside air purging of the affected Control Building area. T13e normal operating
mode is used to remove smoke from the battery rooms.

The remaining discussion in this section is not mode-specific and applies (unless stated
otherwise) to the entire CBSREA HVAC System.

The CBSREA HVAC System is classified as Seismic Category I, except for the non-safety-
related fan coil units. The CBSREA HVAC System is located in the Control Building.

Each of the three CBSREA HVAC System divisions is powered from the respective Class j

IE division as shown on Figures 2.15.5b,2.15.5c and 2.15.5d. In the CBSREA HVAC {
System, independence is provided between Class 1E divisions, and also between the
Class 1E divisions and non-Class 1E equipment.

Each mechanical division of the CBSREA HVAC System (Divisions A, B and C) is
physically separated from the other divisions. CBSREA HVAC System Division B duct
penetrations of Dhision IV firewalls are presided with fire dampers.

Fire dampers with fusible links in HVAC duct work close under air flow conditions.

The CBSRFA HVAC System has the following displays and controls in the main control
'

room:

(1) Controls and status indication for the active safety-related components shown
on Figures 2.15.5b,2.15.5c and 2.15.5d.

(2) Parameter displays for the instntments shown on Figures 2.15.5b,2.15.5c and
2.15.5d.

Reactor Building HVAC System
The Reactor Building (R/B) HVAC System provides a controlled emironment for the
operation of equipment in the Reactor Building. i

The Reactor Building HVAC System consists of three independent safety-related
divisions. Each division is composed of the following systems:

1

(1) R/B Safety-Related Equipment HVAC System. '

(2) R/B Safety-Related Electrical Equipment HVAC System.

2.15.5-4 Heating. Ventilating and Air Conditioning Systems
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(3) R/B Safety-Related Diesel Generator HVAC System.

The Reactor Building HVAC System includes the following non-safety-related systems:

(1) R/B Secondary Containment HVAC System.
f

(2) R/B Primary Containment Supply / Exhaust System.

(3) R/B Main Steam Tunnel HVAC System.

(4) R/B Non-SafetyRelated Equipment HVAC System.

(5) R/B Reactor Internal Pump (RIP) Adjustable Speed Drive (ASD) Control
Panel HVAC System

R/B Safety-Related Equipment HVAC System
The R/B Safety-Related Equipment HVAC System provides cooling of safety-related
equipment areas, and consists ofindependent fan coil units. Figure 2.15.5e shows the
basic system configuration and scope. ,

The R/B Safety-Related Equipment HVAC System is classified as safety-related.

The Residual Heat Removal (RHR) System, High Pressure Core Flooder (HPCF)
System and Reactor Core Isolation Cooling (RCIC) System pump room FCUs are
automaticallyinitiated upon startup of their respective room process pumt he safety-

related FCUs shown on Figure 2.15.5e are automatically initiated upon '.so! son of the ;
'

Reactor Bu" ding Secondary Containment HVAC System.The Flammabus bntrol
Sptem (FCS) room FCUs are also initiated upon a manual FCS start sige :

The temperature in the safety-related equipment areas is maintained below 40'C,
except for the RHR, HPCF, and RCIC pump rooms, which are maintained below 66 C
during pump operation.

.

The R/B Safety-Related Equipment HVAC System is classified as Seismic Category I.
The R/B Safety Related Equipment HVAC System is located in the Reactor Building. ;

Each of the three divisions of the R/B Safety-Related Equipment HVAC System is
powered from the respective Class IE division as shown on Figure 2.15.5e. In the R/B
Safety-Related Equipment HVAC System, independence is provided between Class 1E
divisions, and also between the Class IE divisions and non-Class IE equipment, j

Each mechanical division (Divisions A, B, C) of the R/B Safety-Related Equipment
HVAC System is physically separated from the other divisions. !

(

Hesting, Ventilating and Air Conditioning Systems 2.15.5-5
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The R/B SafetpRelated Equipment HVAC System has the following displays and
controls in the main control room:

>

(1) Controls and status indication for the FCUs shown on Figure 2.15.5e.

The safety-related electrical equipment shown on Figure 2.15.5e located in the Reactor
Building is qualified for a hanh emironment.

R/B Safety-Related Electrical Equipment HVAC System

The R/B Safety-Related Electrical Equipment m'AC System provides cooling of safety
related electrical equipment areas, and consists of three independent divisions. Each
dhision consists of an air conditioning unit with two supply fans, and two exhaust fans.
Figures 2.15.5f,2.15.5g, and 2.15.5h show the basic system configuration and scope.

The R/B SafetpRelated Electrical Equipment HVAC System is classified as safety-
related.

Normal Operating Mode
In the normal operating mode, the air conditioning unit, one supply fan, and one
exhaust fan of each division operate. The exhaust fan automatically starts when the
supply fan is started.

In the areas served by the R/B Safety-Related Electrical Equipment m7AC System
temperature is maintained below 40 C, except in the diesel generator (DG) engine
rooms during DG operation. ,

Smoke Removal Mode

The smoke removal mode is manually initiated by closing the recirculation damper,
stopping the exhaust fan, and opening the exhaust fan bypass damper to allow
outside air purging of the affected area. The normal operating mode is used to !
remove smoke from the DG day tank rooms.

The R/B Safety-Related Electrical Equipment HVAC System is classified as Seismic
Categog I. The R/B SafetpRelated Electrical Equipment HVAC System is located in the
Reactor Building.

Each of the three divisions of the R/B Safety-Related Electrical Equipment m'AC
System is powered from the respective Class IE division as shown on Figures 2.15.5f, 7

'
2.15.5g, and 2.15.5h. In the R/B Safety-Related Electrical Equipment HVAC System,
independence is provided between Class IE dhisions, and also between the Class IE . |

dhisions and non-Class 1E equipment.

Each mechanical dhision of the R/B Safety-Related Electrical Equipment m'AC System j
(Dhisions A, B, C) is physically separated from the other dhisions.

2.15A?-6 Hesting, Ventilating and Air Conditioning Systems |
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Fire dampers with fusible links in HVAC duct work close under air flow conditions.
i

The R/B Safety-Related Electrical Equipment HVAC System has the following displays
and controls in the main control rooms:

,

(1) Controls and status indication for the active safety-related components shown
on Figures 2.15.5f,2.15.5g, and 2.15.5h. t

.

!(2) Parameter displays for the instruments shown on Figures 2.15.5f,2.15.5g and
,

2.15.5h.
,

| R/B Safety-Related Diesel Generator HVAC System
'

The R/B Safety-Related DG HVAC System provides ventilation for the DG rooms when
the DGs operate, and consists of three independent divisions. Each division consists of
a filter unit and two supply fans. Figure 2.15.5i shows the basic system configuration a 2d

scope.

The R/B Safety-Related DG HVAC System is classified as safety-related. j
,

'

On receipt of a DG start signal, at least one DG supply fan starts. When the DG is

O operating, the R/B Safety-Related DG HVAC System and the R/B Safety-Related
O Electrical Equipment IIVAC System maintain the temperature below 45 C. I

|

The R/B Safety-Related DG HVAC System is classified as Seismic Category I. The R/B j

Safety-Related DG HVAC System is located in the Reactor Building, j

Each of the three divisions of the R/B Safety-Related DG HVAC System is powered from
the respective Class 1E didsion as shown on Figure 2.15.5i. In the R/B Safety-Related
DG HVAC System, independence is provided between Class IE divisions, and also
between the Class IE divisions and non-Class IE equipment.

Each mechanical division of the R/B Safety-Related DG HVAC System (Divisions A, B. I

C) is physically separated from the other divisions.
|

| The R/B Safety-Related DG HVAC System has the following displays and controls in the

| main control room: |
i

! (1) Controls and status indication for the active safety-related components shown
i on Figure 2.15.5i.

i.

* R/B Secondary Containment HVAC System i

The R/B Secondary Containment HVAC System provides heating and cooling for the.

'

secondary containment. Figure 2.15.5j shows the basic system configuration and scope.
\

.

Heating, Ventilating and Air Conditioning Systems 2.15.5-7
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Except for the secondary containment isolation dampers, the R/B Secondary
Containment HVAC System is classified as non-safety-related.

Normal Operating Mode

In the normal operating mode, two supply fans and two exhaust fans operate. The
supply fans operate only when the exhaust fans are operating.

The R/B Secondary Containment HVAC System maintains a negative pressure in
the secondary containment relative to the outside atmosphere.

The R/B Secondary Containment HVAC System isolation dampers are closed upon
receipt of an isolation signal from the Leak Detection System (LDS) or a' signal
indicating loss of secondary containment exhaust fans.

Smoke Removal Mode

The smoke removal mode is manually initiated by starting the standby exhaust and
supply fans, opening the exhaust filter unit bypass dampers, and partially closing
exhaust dampers for divisions not affected by fire.

'

The R/B Secondary Containment HVAC System penetrations of secondary
containment and isolation dampers are classified as Seismic Category I. The R/B
Secondary Containment HVAC System is located in the Reactor Building, except for
some of the R/B secondary containment HVAC supply and exhaust air components
which are located in the Turbine Building.

IEach R/B Secondary Containment HVAC System isolation damper requiring electrical

| power is powered from the Class IE division, as shown on Figure 2.15.5j. In the R/B
i Seccudary Containment HVAC System, independence is provided between Class IE

dhisions, and also between Class IE divisions and non-Class 1E equipment.

Fire dampers with fusible links in HVAC duct work close under air flow conditions.

i

| The R/B Secondary Containment HVAC System has the following displays and controls

| m the main control room:
!

(1) Control and status indication for the active components shown on Figure
i 2.15.5j.

(2) Parameter displays for the instruments shown on Figure 2.15.5j.

The exhaust duct secondary containment isolation dampers are located in the
secondary containment and qualified for a harsh emironment.

O
2.15.5-8 Heating, Ventilating and Air Conditioning Systems
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The pneumatically-operated secondary containment isolation dampers, shown on
Figure 2.15.5j, fail to the closed position in the event ofloss of pneumatic pressure or
loss of electrical power to the valve actuating solenoids.

R/B Primary Containment Supply / Exhaust System

The R/B Primary Containment Supply / Exhaust System removes inert atmosphere and
provides air for primary containment prior to personnel entry, and consists of a supply
fan, a filter unit, and an exhaust fan as shown on Figure 2.15.5j.

The R/B Primary Containment Supply / Exhaust System is classified as non-safety-
related. The R/B Primary Containment Supply / Exhaust System is located in the
secondary containment

R/B Main Steam Tunnel HVAC System

The R/B Main Steam Tunnel HVAC System provides cooling to the main steam tunnel
and consists of two FCUs. Each FCU has two fans. The FCUs are started manually.

The R/B Main Steam Tunnel HVAC System is classified as non. safety-related. The R/B
Main Steam Tunnel HVAC System is located in the Reactor Building.

R/B Non-Safety-Related Equipment HVAC System

The R/B Non-Safety-Related Equipment HVAC System provides cooling to the non-
safety-related equipment rooms. There are six fan coil units, and four air handling units
in the system, -ach consisting of cooling coil and fans. ,

The R/B Non-Safety-Related Equipment HVAC System is classified as non-safety-
,
'

related, and is located in the Reactor Building.

Reactor Internal Pump ASD Control Panel HVAC Sysiem

The Reactor Internal Pump ASD Control Panel HVAC System provides cooling to the
RIP ASD control panels. The system consists of a two recirculating air conditioning units
with cooling coils and four supply fans.

The RIP ASD Control Panel HVAC System is classified as non-safety-related, and is
,

located in the Reactor Building.

Turbine Island HVAC System
The Turbine Island HVAC System provides heating, cooling, and ventilation for the
Turbine Island. The Turbine Island HVAC System consists of the following non-safety-
related systems.

(1) Turbine Building (T/B) HVAC System.

\ (2) Electrical Building (E/B) HVAC System.

Heating. Ventilating and Air Conditioning Systems 2.15.5-9
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Turbine Building (T/B) HVAC System
The T/B HVAC System provides cooling and ventilation for the Turbine Building. The
T/B HVAC System consists of:

(1) T/B supply system with an air conditioning unit and three supply fans.

(2) T/B exhaust system with three exhaust fans.

(3) T/B compartment exhaust system with two exhaust fans.

| (4) T/B lube oil area exhaust system with two fans.

(5) T/B unit coolers and electric unit heaters. -

The T/B HVAC System is classified as non-safety-related. The T/B HVAC System is
located in the Turbine Building.

Electrical Building (E/B) HVAC System

The E/B HVAC System provides cooling and ventilation for the electrical equipment
rooms. The system consists of two air conditioning units, supply fans, two exhaust fans,
unit coolers and electric unit heaters.

The E/B HVAC System is classified as non-safety-related. The E/B HVAC System is g
located in the Electrical Building of the Turbine Island.

Radwaste Building HVAC System

The Radwaste Building HVAC System provides a controlled emironment for personnel
!comfort and safety for the Radwaste Building areas. The system consists of:

(1) An air conditioning unit and two supply fans for the Radwaste Building
control room

i

(2) An air conditioning unit with, two supply fans, and three exhaust fans for the
process areas of the Radwaste Building.

The Radwaste Building HT%C System is classified as non-safety-related, and is located in
the Radwaste Building. .

Service Building HVAC System
The Senice Building (S/B) HVAC System provides controlled emironment for
personnel comfortin the S/B.

The S/B HVAC System consists of two non-safety-related systems:

(1) Clean Area HVAC System.

2.15.S-10 Heating, Ventilating and Air Conditioning Systems
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(2) Contolled Area HVAC System.

Clean Area HVAC System

The Clean Area HVAC System provides a controlled emironment for personnel
comfort and safety in the Clean Area for the dustion of a design basis accident. The

'

system consisits of an air conditioning unit with two supply fans, two exhaust fans, and
an emergency filtration unit two circulating fans. The emergency filtration unit has as
least 95% removal efficiency for all forms ofiodine (elemental, organic, particulate, and
hydrogen iodide) from the influent system.

Toxic gas monitors may be required in the outside air intake of the Clean Area m%C s

System; these sensors are not in the Certified Design. I

The Clean Area HVAC System is classified as non-safety-related. The Clean Area m'AC
,

!

System is located in the S/B. The Clean Area HVAC System of the S/B serves the
Technical Support Center (TSC) the Operational Support Center (OSC) and other
clean areas inside the S/B.

On reciept of a signal from the TSC or main control room (MCR), the normal airintake ,

damper closes, the minimum outside air intake damper opens and the ventilation air '

for the Clean Area is routed through the emergency filtration unit.

In the high radiation mode, a positive pressure is maintained in the Clean Area relative
to the outside atmosphere.

Interface Requirements

Toxic gas monitors will be located in the outside air intakes of the Clean Area HVAC
System, if the site is adjacent to texic gas sources with the potential for releases of ;

significance to plant operating personnel in the Clean Area. These monitors shall have
the following requirements:

,

(1) Be located in the outside air intake of the Clean Area HVAC System.

(2) Be capable of detecting toxic gas concentrations at which personnie protective ;

actions must be initiated.
_

Controlled Area HVAC System
,

'
The Controlled Area HVAC System serves the controlled access area, excluding the
clean areas, and it consists of two exhaust fans. The Controlled Area HVAC System

obtains its supply air from the Clean Area HVAC System.

k,

Heating, Ventilating and Air Conditioning Systerns 2.15.5-11
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Inspections, Tests, Analyses and Accsptance Criteria

For portions r the CRHA HVAC system within the Certified Design, Table 2.15.5a
prosides a defimtion of the inspections, tests, and/or analyses, together with associated
acceptance criteria, which will be undertaken for the CRHA HVAC Systems.

Table 2.15.5c provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteda, which will be undenaken for the Reactor Building
Safety-Related Equipment HVAC System.

Table 2.15.5d provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Reactor Building
Safety-Related Electrical Equipment HVAC System.

Table 2.15.5e provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undenaken for the Reactor Building
Safety-Related DG HVAC System.

Table 2.15.5f provides a definition of the inspections, tests, and/or analyses, together I

with associated acceptance criteria, which will be undertaken for the Reactor Building
Secondary Containment HVAC System.

Table 2.15.5g provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Reactor Building
Primary Containment Supply / Exhaust System. t

Table 2.15.5h provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Reactor Building
Main Steam Tunnel HVAC System.

Table 2.15.5i provides a definition of the inspections, tests, and/or analyses, together i

with associated acceptance criteria, which will be undertaken for the Reactor Building
Non-Safety-Related Equipment HVAC System.

Table 2.15.5j provides a definidon of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Reactor 1nternal
Pump ASD Control Panel HVAC System.

Table 2.15.5k provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Turbine Island
HVAC System.

Table 2.15.51 provides a definition of the inspections, tests, and/or analyses, together
'

with associated acceptance criteria, which will be undertaken for the Radwaste Building
HVAC System.

'
2.15.5-12 Heating, Ventilating and Air Conditioning Systerns
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Table 2.15.5m provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Senice Building
HVAC Syscem.

.
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U Table 2.15.5a Control Floom Habitability Area HVAC System b
C 03
k Inspections, Tests, Analyses and Acceptonce Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the CRHA 1. Inspections of the as-built system will be 1. The as-built CRHA HVAC System
HVAC System is as shown on Figure conducted. conforms with the basic configuration
2.15.5a. shown on Figure 2.15.5a.

2. The emergency filtration unit have at least 2. 2. The emergency filtration unit efficiency is
95% removal officiency for all forms of at least 95%.a. Test will be conducted on each as-iodine (elemental org anic, pa rticulate, and built emergency filtration unit.hydrngen iodide).

b. Tests in a test facility will be
conducted on the iodine absorber
material.

3. The exhaust fan automatically starts 3. Tests will be conducted on each division 3. The exhaust fan automatically starts
when the supply fan is started. of the CRHA HVAC System by starting the when the supply fan is started. %

supply fan. E
$4. The MCAE is maintained at a minimum 4. Tests will be conducted on the as-built 4. The MCAE is maintained at a minimum ~

pressure of 3.2 mm water gauge above CRHA HVAC System in the normal mode pressure of 3.2 mm water gauge above fthe outside atmosphere. of operation. the outside atmosphere. 9

5. 5. 5.2

$ a. On receipt of a PRM System signal for a. Tests will be conducted on each CRHA a. Up.. receipt of a simulated initiation
9 high radiation in the outsido air intake HVAC System division usin0 a signal the following occurs:

{ of the operating division, the normal simulated initiation signal.
(1) Normal outside air intake

g outside air intake dampers close, the
dampers are closed.

s- exhaust air dampers close, the
I exhaust fan stops, the minimum (2) Exhaust air dampers are closed,

f outside air intake dampers open, and (3) Exhaust fan is stopped. p
w one fan of the emergency filtration a
9 unit starts. (4) Minimum outside air intake p
g dampers are opened. g
[ (5) Emergency filtration unit fan is E.
e started. =
5 ha ai it

O O O
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3 Table 2.15.5a Control Room Habitability Area HVAC System (Continued) b
E R3y inspections, Tests, Analyses and Acceptance Criteria

{ Design Commitment inspections, Tests, Analyses Acceptance Criteria %
E
B. b. In the high radiation modo, positive b. Tests will be conducted on each b. The MCAE is maintained at a positive
S pressure of at least 3.2 mm water division of the as-built CRHA HVAC pressure of at least 3.2 mm water

[ gauge is maintained in the MCAE System in the high radiation mode. gauge relative to the outside
d. relative to the outside atmosphere. atmosphere with outside makeup air

35 Each emergency filtration unit treats a of not more than 360 m /hr (@ 760
k mixture of MCAE recirculated air and mm Hg,0 *C).
$ outside makeup air to maintain the
$ positive pressure with not more than

3* 360 m /hr (@ 760 mm Hg, O'C) of
,,

g outside air.

3 c. The redundant division of the CRHA c. Tests will be conducted on each c. The redundant division of the CRHA
HVAC System starts on a low flow division of the as-built CRHA HVAC HVAC System starts on a low flow
signal from the operating emergency System using simulated low flow signal from the operating emergency g
filtration unit. signals. filtration unit. g

d. The redundant division of the CRHA d. Inspections will be conducted on the d. The CRHA HVAC System outside air s
HVAC System is connected to an CRHA HVAC System. intakes are at least 50m apart. E

"outside air intake which is separated
from the other by a minimum of 50m.

6. When smoke detection sensors in the 6. Tests will be conducted on each CRHA 6. Upon receipt of a simulated initiation
operating outside air intake detects HVAC System division using a simulated signal the following occurs:
smoke, a signal willinitiate MCAE air smoke signal. a. Outside air intake dampers are closed.
recirculation by isolating the outside air
intake, closing the exhaust damper, and b. Exhaust air dampers are closed.
stopping the exhaust fan. c. Exhaust fan is stopped.

&
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$
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t Table 2.15.Sc Control Room Habitability Area HVAC System (Continued) bm - g
{ inspections, Tests, Analyses and Acceptance Criteria

Design Commitment lospections, Tests, Analyses Acceptance Criteria M
7. Each of the two CRHA System divisions is 7. 7.

powered from the respective Class 1E
a. Tests will be performed on the CRHA a. The test signal exists only in the Class

division as shown on Figure 2.15.5a. In HVAC System by providing a test 1E division under test in the CRHAthe CRHA HVAC System, independence is signalin only one Class 1E division at HVAC System.
provided between Class 1E divisions, and a time.
between Class 1E divisions and non-Class
1E equipment. b. Inspection of the as-built Class 1E b. In the CRHA HVAC System, physical

divisions in the CRHA HVAC System separation or electrical isolation exists
will be performed, between Class 1E divisions. Physical

separation or electrical isolation exists
between these Class 1E divisions and
non-Class equipment.

8. Each mechanical division of the CRHA 8. Inspections of the as-built CRHA HVAC 8. Each mechanical division of the CRHA N

HVAC System (Division B and C) is System will be performed. HVAC System is physically separated
physically separated from the other from the other mechanical division of the y

division, except for the common ducts in CRHA HVAC System by structural and/or ip
the MCAE. fire barriers. [

9. Fire dampers with fusible links in HVAC 9. Type tests of fire dampers in a test facility 9. Fire dampers close under system air flow
( duct work close under air flow conditions. will be performed for closure under conditions.
s system air flow conditions.

;;: 10. Main control room displays and controls 10. Inspections will be performed on the main 10. Displays and controls exist or can be
$ provided for CRHA HVAC System are as control room displays and controls for the retrieved in the main control room as
}. defined in Section t4. CRHA HVAC System. defined in Section 2.15.5.

3
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{ Table 2.15.5b Control Building Safety-Related Equipment Area HVAC System b
s- EU
9 Inspections, Tests, Analyses and Acceptance Criteria
&

. a Design Commitment inspections. Tests, Analyses Acceptance Criteria
5
y 1. The basic configuration of the CBSREA 1. Inspections of the as-built system will be 1. The as-built CBSREA HVAC System
7 HVAC System is as shown on Figures conducted. conforms with the basic configuration
8. 2.15.5b,2.15.5c and 2.15.5d. shown on Figures 2.15.5b,2.15.5c and
D 2.15.5d.
n
3 2. The exhaust fan automatically starts 2. Tests will be conducted on each division 2. The exhaust fan automatically starts
I when the supply fan is started. of the as-built CBSREA HVAC System by when the supply fan is started.

|. starting the supply fan.
e
w 3. Hydrogen concentration is maintained at 3. Flow tests will be conducted on each 3. Hydrogen concentration is maintained at
) less than 2% by volume in the battery battery room served by the CBSREA less than 2% by volume in the battery
g rooms. HVAC System. Hydrogen concentration rooms.

analyses will be performed for each
battery room using measured flow rates 9

and maximum expected battery hydrogen 5
kevolution rates.

.!4. Each of the three CBSREA HVAC System 4. 4.
divisions is powered from the respective "

a. Tests will be performed on the a. The test signal exists only in the ClassClass 1E division as shown on Figures CBSREA HVAC System by providing a 1E division under test in the CBSREA2.15.5b,2.15.5c, and 2.15.5d. in the test signal in only one Class 1E HVAC System.
CBSREA HVAC System, independence ,si division at a time,
provided between Class 1E divisions, and
between Class 1E divisions and non-Class b.' inspection of the as-built Class 1E b. In the CBSREA HVAC System,
1E equipment. divisions in the CBSREA HVAC physical separation or electrical

System will be performed. isolation exists between Class 1E r

divisions. Physical separation or
electrical isolation exists between p

; these Class 1E divisions and non- g ,

Class 1E equipment. g [
! 5. Each mechanical division of the CBSREA 5. Inspections of the as-built CBSREA HVAC 5. Each mechanical division of the CBSREA $

HVAC System (Divisions A, B and C) is System will be conducted. HVAC System is physically separated - 4-
p physically separated from the other from the other mechanical divisions of the -

p divisions. CBSREA HVAC System by structural g

{ and/or fire barriers. g

i
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e Table 2.15.5b Control Building Safety-Related Equipment Area HVAC System (Continued) b* l|0
{ inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria M
6. Fire dampers with fusibic links in HVAC 6. Type tests of fire dampers in a test facility 6. Fire dampers close under system air flow

duct work close under air flow conditions. will be perforrned for closore under conditions.
system air flow condition 1.

7. Main control room displays and controls 7. Inspections will be performed on the main 7. Displays and controls exist or can be
provided for CBSREA HVAC System are control room displays and controls for the retrieved in the main control room as
as defined in Section 2.15.5. CBSREA HVAC System. defined in Section 2.15.5.
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i Table 2.15.5c Reactor Building Safety-Related Equipment HVAC System b
g CD
9 Inspections, Tests, Analyses and Acceptance Criteria
;F
a Design Commitment Intpections, Tests, Analyses Acceptance Criteria
'm
s 1. The basic configuration of the R/B Safety- 1. Inspectlans of the as-built system will be 1. The as-built R/B Safety-Related
% Related Equipment HVAC System is as conducted. Equipment HVAC System conforms with
& shown on Figure 2.15.50. the basic configuration as shown on
D Figure 2.15.5e.

k 2. The RHR, HPCF, and RCIC pump room 2. Tests will be conducted on each pump 2. Each pump room FCU starts when a
$ FCUs are automatically initiated upon room FCU using simulated signals signalindicates start-up of their

f. start-up of their respective room process indicating pump start-up. respective room process pump.
,

g pumps.

}. 3. The safety-related FCUs shown on Figure 3. Tests will be conducted on each as-built 3. The safety-related FCUs shown on Figure
$ 2.15.5e are automatically initiated upon safety-related FCUs using simulated 2.15.5e are automatically initiated upon

I isolation of the R/B Secondary signals indicative isolation of the R/B isolation of the R/B Secondary
Containment HVAC System. Secondary Containment HVAC System. Containment HVAC System. 4 |

4. The FCS room FCUs are initiated upon a 4. Tes's will be conducted on each as-built 4. The FCS room FCU starts upon receipt of
manual FCS start signal. FCS room FCU using a simulated a signalindicating FCS start. s

initiation signal. ||!
%

5. Each of the three division of the R/B 5. 5.
Safety-Related Equipment HVAC System a. Tests will be performed on the R/B a. The test signal exists only in the Clasa
is powered from the respective Class 1E Safety-Related Equipment HVAC 1E division under test in the in the R/Bdivision as shown on Figure 2.15.50. In System by providing a test signal in Safety-Related Equipment HVAC
the R/B Safety-Related Equipment HVAC only one Class 1E divisi- at a time. System.
System, independence is provided
between Class 1E divisions, and between b. Inspection of the as-built Class 1E b. In the R/D Safety-Related Equipment
Class 1E divisions and non-Class 1E divisions in the R/B Safety-Related HVAC System, physical separation or
equipment. Equipment HVAC System will be electrical isolation exists between

performed. Class 1E divisions. Physical =

separation or electrical isolation exists k
between these Class 1E divisions and E.

non-class 1E equipment. @
Y
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t Table 2.15.Sc Reactor Building Safety-Related Equipment HVAC System (Continued) b*
tuy inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment Inspections, Tests, Analyses Acceptance Criteria M
l 6. Each mechanical division (Divisions A, B, 6. Inspections of the as-built R/B Safety- 6. Each mechanical division of the IVB

C) of the R/B Safety-Related Equipment Related Equipment HVAC System will be Safety-Related Equipment HVAC System
HVAC System is physically separated conducted. is physically separated from the other
from the other divisions. mechanical divisions of the R/B Safety-

Related Equipment HVAC System by
structural and/or fire barriers.

7. Main control room displays and controls 7. Inspections will be performed on the main 7. Displays and controls exist or can be
provided for the !VB Safety-Related control room displays and controls for the retrieved in the main control room as
Equipment HVAC System are as defined R/B Safety-Related Equipment HVAC defined in Section 2.15.5.

I in Section 2.15.5. System. '
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( Table 2.15.5d Reactor Building Safety-Related Electrical Equipment HVAC System b
g III
9 Inspections, Tests, Analyses and Acceptance Criteria
&
g Design Commitment inspections Tests, Analyses Acceptance Criteria
n
? 1. The basic configuration of the R/B Safety- 1. Inspections of the as-built system will be 1. The as-built R/B Safety-Related Electrical
! Related Electrical Equipment HVAC conducted. Equipment HVAC System conforms with
E System is as shown on Figures 2.15.5f, the basic configuration shown on Figures
D 2.15.5g, and 2.15.5h. 2.15.5f,2.15.5g, and 2.15.Sh.
o
8 2. The exhaust fan automatically starts 2. Tests will be conducted on each division 2. The exhaust fan automatically starts

h when the supply fan is started. of the as-built R/B Safety-Related when the supply fan is started.
g. Electrical Equipment HVAC System by
g starting the supply fan.

} 3. Each of the three division of the R/B 3. 3.

3 Safety-Related Electrical Equipment HVAC a. Tests will be performed on the R/B a. The test signal exists only in the Class
System is powered from the respective Safety-Related Electrical Equipment 1E division under test in the R/BClass IE division as shown on Figures HVAC System by providing a test Safety-Related Electrical Equipment @2.15.5f,2.15.5g, and 2.15.5h. In the R/B signal in only one Class 1E division at HVAC System. {safety-related electrical equipment HVAC a time. N

_

system, independence is provided iP
between Class 1E divisions, and between b. Inspection of the as-built Class 1E b. In the R/B Safety-Related Electrical ;
Class 1E divisions and non-Class 1E divisions in the R/B Safety-Related Equipment HVAC System, physical

r
'

equipment. Electrical Equipment HVAC System separation or electrical isolation exists
will be performed. between Class 1E divisions. Physical

separation or electrical isolation exists
between these Class 1E divisions and
non-Class 1E equipment.

| 4. Each mechanical division of the R/B 4. Inspections of the as-built R/B Safety- 4. Each mechanical division of the R/B
Safety-Related Electrical Equipment HVAC Related Electrical Equipment HVAC Safety-Related Electrical Equipment HVAC
System (Divisions A, B, and C) is System will be conducted. System is physically separated from the p
physically separated from the other other mechardcal divisions of the R/B 3,
divisions. Safety-Related Electrical Equipment HVAC {

System by structural and/or fire barriers. p
5. Fire dampers with fusible links in HVAC 5. Type tests of fire dampers in a test facility 5. Fire dampers close under system air flow E-

duct work close under air flow conditions. will be performed for closure under conditions. h; p
| in system air flow conditions. !!!

b $'

3 %.'
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e Table 2.15.5d Reactor Building Safety-Related Electrical Equipment HVAC System (Continued) b
* tt!
{ inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria M
6. Main control room displays and controls 6. Inspections will be performed on the main 6. Displays and controls exist or can be

provided for R/B Safety-Related Electrical control room displays and controls for the retrieved in the main control room as
Equipment HVAC System are as defined R/B Safety-Related Electrical Equipment defined in Section 2.15.5.
in Section 2.15.5. HVAC System.
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{ Table 2.15.50 Reactor Building Safety Related Diesel Generator HVAC System b
s %
9 inspections, Tests, Analyses and Acceptance Criteria
&
a Design Commitment inspections, Tests, Analyses Acceptance Criteria=

h 1. The basic configuration of the R/B Safety- 1. Inspections of the as built system will be 1. The as-built R/B Safety-Related DG HVAC
% Related DG HVAC System is as shown on conducted. System conforms with the basic
d Figure 2.15.51. configuration shown on Figure 2.15.5i.>
$ 2. On receipt of a DG start signal, at least 2. Tests will be conducted on each division 2. On receipt of a DG start signal, at seast
8 one DG supply fan starts. of the as-built R/B Safety-Related DG one DG supply fan starts.

}. HVAC System using a simulated DG start
g. signal.

$ 3. Each of the three divisions of the R/B 3. 3.
} Safety-Related DG HVAC System is

a. Tests will be performed on the R/B a. The test signal exists only in the Class
2 powered from the respective Class 1E

Safety-related DG HVAC System by 1E division under test in the R/B
" '" " " '

has Msafety te at d G AC s s d sion at i ne.,

andependence is provided between Class $;
1E divisions, and between Class 1E b. Inspection of the as-built Class 1E b. In the R/B Safety-Related DG HVAC $
divisions and non-Class 1E equipment. divisions in the R/B Safety-Related DG System, physical separation or ;p

HVAC System will be performed. electrical isolation exists between [
Class 1E divisions. Physical
separation or electrical isolation exists
between these Class 1E divisions and
non-Class 1E equipment

4. Each mechanical division of the R/B 4 Inspections of the as-built R/B Safety- 4. Each mechanical divisicn of the R/B
Safety-Related DG HVAC System Related DG HVAC System will be Safety-Related DG HVAC System is
(Divisions A, B and C) is physically conducted. physically separated from the other
separated from the other divisions. mechanical divisions of the R/B Safety-

Related DG HVAC System by structural p
and/or fire barriers. g,

5. Main control room displays and controls 5. Inspections will be performed on the main 5. Displays and controls exist or can be E.
provided for R/B Safety-Related DG HVAC control room displays and controls for the retrieved in the main control room as y
System are as defined in Section 2.15.5. R/B Safety-Related DG HVAC System. defined in Section 2.15.5. g
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E Table 2.15.5f Reactor Building Secondary Containment HVAC System b
v D
g inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the R/B 1. Inspections of the as-built system will be 1. The as-built R/B Secondary Containment
Secondary Containment HVAC System is conducted. HVAC System conforms with the basic
as shown on Figure 2.15.5), configuration shown on Figure 2.15.5j.

2. The R/B Secondary Containment HVAC 2. Tests will be conducted on the R/B 2. The R/B Secondary Containment HVAC
System maintains a negative pressure in Secondary Containment HVAC System in System maintains a negative pressure in
the secondary containment relative to the the normal mode of operation. the secondary containment relative to the
outside atmosphere. outside atmosphere.

3. The TVB Secondary Containment HVAC 3. Tests will be conducted on the R/B 3. Upon receipt of a simulated signal,
System isolation dampers are closed Secondary Containment HVAC System isolation dampers are automatically
upon receipt of an isolation signal from using simulated LDS isolation and loss of closed.
the LDS, or signal indicating lose of secondary containment supply and
secondary containment exhaust fans. exhaust fans signals. g

4. The smoke removal modo is manually 4. Tests will be conducted in the smoke 4. On manualinitiation of smoke removal {
initiated by starting the standby exhaust removal mode. mode the following occurs: y
and supply fans, operating the exhaust

a. The standby exhaust fan starts. E
filter uru,t bypass dampers, and partially 4

closing the exhaust dampers for divisions b. The standby supply fan starts.

f not affected by fire. c. The filter unit bypass damper opens.
5-
to d. The exhaust dampers of divisions nct
{ affected by fire partially close to a
g predetermined position.
g e. The measured air flow rate and the
3 pressure in the ducts are at least equal
$ to the values of the as-built smoke R
$ removal analysis. $
3 E.
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;F Table 2.15.5f Reactor Building Secondary Containment HVAC System (Continued) b
E tg
f Inspections, Tests, Analyses and Acceptance Criteria

( Design Commitment inspections, Tests, Analyses Acceptance Criteria ||0
5;
& 5. Each R/B Secondary Containment HVAC 5. 5.j System isolation damper requiring a. Tests will be performed on the R/B a. The test signal exists only in the Class
g electncal power is powered from the Secondary Containment HVAC 1E division under test in the R/B
g, Class 1E division, as shown on Figure System by providing a test signal in Secondary Containment HVAC
p 2.15.5). In the R/B secondary containment only one Class 1E division at a time. System.
g HVAC system, independence is provided
$ between Class 1E divisions, and between b. Inspection of the as-built Class 1E b. In the R/B Secondary Containment

$ Class 1E divisions and non-Class 1E divisions in the R/B Secondary HVAC System, physical separation or
equipment. Containment HVAC System will be electrical isolation exists between*

,,

g performed. Class 1E divisions. Physical
j separation or electrical isolation exists

between these Class 1E divisions anda

non-Class 1E equipment. y

6. Fire dampers with fusible links in HVAC 6. Type tests of fire dampers in a test facility 6. Fire dampers close under system air flow
duct work close under air flow conditions. will be performed for closure under conditions. y

system air flow conditions, g
7. Main control room displays and controls 7. Inspections will be performed on the main 7. Displays and controls exist or can be 4

provided for the R/B Secondary control room displays and controls for the retrieved in the main control room as
Containment HVAC System are as defined R/B Secondary Containment HVAC defined in Section 2.15.5.
in Section 2.15.5. System.

8. The pneumatically-operated secondary 8. Tests will be conducted on the as-built R/B 8. The secondary containrr.ent isolation
containment isolation dampers, shown on Secondary Containment HVAC System dampers shown on Figure 2.15.5j fail to
Figure 2.15.5j, fail to the closed position in pneumatic isolation dampers. the closed position on loss of pneumatic
the event of loss of pneumatic pressure or pressure or loss of electrical power to the
loss of electrical power to the valve valve actuating solenoids,
actuating solenoids. f

e
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E Table 2.15.5g Reactor Building Containment Supply / Exhaust System b
in W
@ inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the R/B Primary 1. Inspections of the as-built system will be 1. The as-built R/B Primary Containment
Containment Supply / Exhaust HVAC conducted. Supply / Exhaust HVAC System conforms
System is as described in Section 2.15.5. with the basic configuration described in

Section 2.15.5.
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{ Table 2.15.5h Reactor Building Main Steam Tunnel HVAC System - b
g. III
9 Inspections, Tests, Analyses and Acceptance Criteria
E
a Design Commitment inspections, Tests, Analyses Acceptance Criteria
e.:

$. 1. The basic configuration of the TVB Main 1. Inspections of the as-built system will be 1. The as-built rib Main Steam Tunnel HVAC
% Steam Tunnel HVAC System is as conducted. System conforms with the basic
& described in Section 2.15.5. configuration described in Section 2.15.5.
N
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Table 2.15.5i Reactor Building Non-Safety-Related HVAC System g
Q inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the IVB Non- 1. Inspections of the as-built system will be 1. The as-built R/B Non-Safety-Related
Safety-Related HVAC System is as conducted. Equipment HVAC System conforms with
described in Section 2.15.5. the basic configuration described in

Section 2.15.5.
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| Table 2.15.5) Reactor Internal Pump ASD Control Panel HVAC System A
g. U3
ta inspections, Tests, Analyses and Acceptance Criteria
<
E Design Commitment Inspections, Tests, Analyses Acceptance Criteria
:=

h 1. The basic configuration of the RIP ASD 1. Inspections of the as-built system will be 1. The as-built RIP ASD Control Panel HVAC
* Control Panel HVAC System is as conducted. System conforms with the basic,

E described in Section 2.15.5. configuration described in Section 2.15.5.
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U Table 2.15.5k Turbine Island HVAC System b
* tD
k inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections Tests, Analyses Acceptance Criteria

1. The basic configuration of the Turbine 1. Inspections of the as-built system will be 1. The as-built Turbine Island HVAC System
Island HVAC System is as described in conducted. conforms with the basic configuration
Section 2.15.5. described in Section 2.15.5.
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[ Table 2.15.51 Radwaste Building HVAC System b
g to
9 Inspections, Tests, Analyses and Acceptance Criteria Qif Ma Design Commitment inspections, Tests, Analyses Acceptance Criteria
if
s 1. The basic configuration of the Radwaste 1. Inspections of the as-built system will bo 1. The as-built Radwaste Building HVAC
* Dullding HVAC System is as described in conducted. System conforms with the basic
& Section 2.15.5. configuration described in Section 2.15.5.
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U Table 2.15.5m Service Building HVAC System b"
tu

k inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the S/B HVAC 1. Inspections of the as-built system will be 1. The as-built S/B HVAC System conforms
System is as described in Section 2.15.5. conducted. with the basic configuration described in

Section 2.15.5.

2. On receipt of a signal from the TSC or 2. A test of the Clean Area HVAC System will 2. Upon receipt of a simulated isolation
MCR, the normal air intake damper be performed using a simulated isolation signal, the normal Clean Area intake
closes, the minimum outside air in take signal for the intake. damper closes, the minimum outside air
damper opens, and the ventilation air for intake damper opens, and ventilation for
the Clean Area is routed through the the Clean Area is routed through the
emergency filtration unit. emergency filtration unit.

3. In the high radiation mode, a positive 3. A test will be conducted of the as-built 3. The Clean Area is maintained at a positive
pressure is maintained in the Clean Area Clean Area HVAC System in the simulated pressure relative to the outside
relative to the outside atmosphere. high radiation mode. atmosphere. M>

4. The emergency filtration unit for the 4. 4 The emergency filtration unit efficiency is {
Clean Area ventilation air has at least 95% at least 955 sa. Tests will be conducted on each as-removal efficiency for all forms of iodine built emergency filtration unit. E
(elemental, organic, particulate, and N

hydrogen iodide). b. Tmts in a test facility will be
{ conducted of the iodine absorber
s material.,
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2.15.6 Fire Protection System

Design Description

'

The Fire Protection System (FPS) detects, alanns and extinguishes fires. Fire detection
and alarm sy stems are provided in all fire areas. The FPS consists of a motor driven i

pump, a diesel drive pump, sprinkler systems, standpipes and hose reels, and portable
extinguishers. The foam systems are also used for special applications. The basic

;

configuration of the FPS water supply system is shown on Figure 2.15.6. The FPS
provides Src protection for the Reactor Building, Control Building, Turbine Building, t

Radwaste Building, and other plant buildings.

Areas covered by sprinklers or foam systems are also covered by the manual hose system.
Areas covered only by manual hoses can be reached from at least two hose stations. A
hose reel and fire extinguisher are located no greater than S0.5m from any location
within the buildings.

The FPS is classified as non-safety-related. The sprinkler systems and the standpipe
systems in the Reactor and Control Buildings and portions of the FPS water supply

n system identified in Figure 2.15.6 remain functional following a safe shutdown
l earthquake (SSE). These portions of the water supply are separated from the remainder *

of the system by valves as shown in Figure 2.15.6.

Fresh water is used for the water supply system. Two sources with a minimum capacity
8 3of 1140 m for each source are provided. A minimum of 456 m is reserved for use by

the portion of the suppression system used for the Reactor and Control Buildings. Both
the diesel driven pump and motor driven pump independently supply a minimum flow

2of 1890 liters / min at a pressure greater than 4.57 kg/cm g at the most hydmulically
remote hose connection. The two fire water pumps provide 5670 liters / min flow each

2at a pressure of 8.8 kg/cm g.

A fire water supply connection to the Residual Heat Removal System piping is provided
from the portion of the FPS used for the Reactor and Control Buildings to provide an
AC independent water addition system mode of the RHR System for reactor vessel
injection or drywell sprays.

Automatic foam water extinguishing systems are provided for the diesel generator
rooms and day tar.k rooms.

Fire detection and alann systems are supplied with power from a non-Class IE
uninterruptible power supply.

The FPS has the following displays and alarms in the Main Control Room (MCR):
%J

(1) Detection system fire alarms.

Fire Protection System 2.15.6-1
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(2) Status of FPS pumps.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.15.6 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Fire Protection
System.

O

.

O
2.15 & 2 Fire Protection System
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U Table 2.15.6 Fire Protection System b
* 03
I Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections Tests, Analyses Acceptance Criterla '

1. The basic configuration for the FPS is 1. ;nspections of the as-built FPS will be 1. The as-built configuration of the FPS is in
defined in Section 2.15.6 conducted. accordance with Section 2.15.6.

2. Fire detection and alarm systems are 2. Inspection and testing of the as-built 2. The detectors respond to the simulated
provided in all fire areas. detectors will be performed using fire conditions.

simulated fire conditions.

3. The FPS for the Reactor and Control 3 Tests will be conducted of the as-built 3. The FPS for the Reactor and Control
Buildings supplies a minimum flow of FPS. Buildings supplies a minimum flow of
1890 liters / min at a pressure greater than 1890 liters / min at a pressure greater than

2 24.57 kg/cm g at the most hydraulically 4.57 kg/cm g at the most hydraulically
remote hose connection. remote hose connection.

4. Automatic foam-water extinguishing 4. Inspections of the as-built foam-water 4. The automatic foam-water suppression y

systems are provided for the diesel extinguishing systems will be conducted. systems are present and initiation logic is E
generator and day tank rooms. The automatic logic will be tested using actuated under simulated fire conditions. {

simulated fire conditions. ;;;
.

5. The sprinkler systems and the standpipe 5. Seismic analyses of the as-built FPS will 5. An analysis report exists which concludes [
systems in the Reactor and Control be performed. that as built sprinkler systems and the
Buildings and the portions of the FPS standpipe systems in the Reactor and
water supply system identified in Figure Control Buildings and the portions of the
2.15.6 remain functional following an FPS water supply system identified in
SSE. Figure 2.15.6 remain functional following

an SSE.

6. The fire detection and alarm systems are 6. Inspections of the as-built FPS will be 6. The FPS is supplied with power from a
supplied with power from a non-Class 1E conducted. non-Class 1E uninterruptible power
uninterruptible power supply. supply. &

B.
y 7. MCR alarms and displays provided for the 7. Inspections will be performed on the MCR 7. Alarms and displays exist or can be p

FPS are as defined in Section 2.15.6. alarms, and displays for the FPS. retrieved in the MCR as defined in Section gg
2.15.6. gn

n 45-

[ 8. Two fire water supply system pumps 8. Tests will be conducted of the as-built FPS 8. Two fire water supply system pumps =

tn provide 5670 liters / min flow each at a pumps in a test facility. provide 5670 liters / min flow each at a h
} pressure of 8.8 kg/cm g. pressure of 8.8 kg/cm g, g!P

2 2

3

O O O
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2.15.7 Floor Leakage Detection System i

No entry for this system.
!

O

!
|

|

|

Floor Leakage Detection System 2,15.7 1/2 |
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2.15.8 Vacuum Sweep System

No enuy for this system.
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Vacuum Sweep System 2.15.8-1/2
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2.15.9 Decontamination System
,

No entry for this system.
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(U)
2.15.10 Reactor Building

,

Design Description

The Reactor Building (R/B) is a structure which houses and prmides protection and
support for the reactor primary systems, the primary containment and much of the
plant safety-related equipment. Figures 2.15.10a through 2.15.10o show the basic
configuration and scope of the R/B*

The R/B is constructed of reinforced concrete and structural steel with a steel frame
and reinforced concrete roof. The R/B encloses the primary containment. The R/B
slabs and fuel pool girders are integrated with the reinforced concrete containment
vessel (RCCV) . The R/B slabs are supported by columns, shear walls and beams to carTy
vertical loads to the basemat and transfer horizontal loads through the RCCV and R/B
shear walls to the basemat and R/B foundation. The R/B, together with the RCCV and
the reactor pedestal, are supported by a common basemat. Inside the RCCV, the
basemat is considered part of the Primary Containment Sptem (PCS); outside ihe
RCCV, the basemat is part of the R/B. The top of the R/B basemat is located 20.2m i
0.3m below the finished grade elevation.

'( The R/B is divided into three separate disisional areas for mechanical and electrical
equipment and four divisional areas for instrumentation racks. Inter-disisional
boundaries have the following features:

(1) Inter-divisional walls, floors, doors and penetrations which have three-hour
fire rating.

,

(2) Watertight doors in the basement to prevent flooding in one division from
propagating to other dhisions.

(3) Divisional walls in the basement are 0.6 meters thick or greater.

Watertight doors on Emergency Core Cooling Sptem rooms have open/close sensors
with status indication and alarms in the main control room.

The R/B flooding that results from component failures in any of the R/B divisions does
not prevent safe shutdown of the reactor. The basement floor is the collection location
point for floods. The building configuration at this elevation is such that even for a
flooding event invohing release of either the suppression pool or the condensate
storage tank (CST) water into the R/B, no more than one division of safety-related i

equipment is affected. Except for the basement area, safety-related electrical,
instrumentation and control equipment is located at least 20 cm above the floor surface.c

[ |
\ 1

The overall building dimensions provided in Figures 2.15.10a through 2.15.100 are provided for' *

information only and are not intended to be part of the certified ABWR information.

Reactor Building 2.15.10-1

!
1

__ _ _
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The R/B is protected against external flood. The following design features are
prmided:

(1) External walls below flood level are equal to or greater than 0.6 meters thick
to prevent ground water seepage.

(2) Penetrations in the external walls below flood level are provided with flood
protecdon features.

(3) A tunnel connects the Radwaste Building, Turbine Building and Reactor
Building for the liquid radwaste system piping. The penetrations from the
tunnel to the Reactor Building will be watertight.

The R/B is protected against the pressurization effects associated with postulated
rupture of pipes containing high-energy fluid that occur in subcompartments of the
R/B.

The R/B is classified as Seismic Category 1. It is designed and constructed to
accommodate the dynamic and static loading conditions associated with the various
loads and load combinations which form the structural design basis. The loads are those

associated with:

(1) Natural phenomena-wind, floods, tornados (including tornado missiles),
earthquakes, rain and snow.

(2) Internal events-floods, pipe breaks and missiles.

(S) Normal plant operation-live loads, dead loads, temperature effects and
building vibration loads.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.15.10 provides a definidon of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the R/B.

O
.

!

!

2.15. W2 Reactor Building

I
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U Tablo 2.15.10 Reactor Building b
C 03

{ inspections, Tests, Analyses and Acceptance Criteria Q
DDesign Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the R/B is 1. Inspections of the as-built structure will 1. The as-built R/B conforms with the basic
shown on Figures 2.15.10a through be conducted. configuration shown in Figures 2.15.10a
2.15.100. through 2.15.100.

2. The top of the R/B basemat is located 2. Inspections of the as-built structure will 2. The top of the R/B basemat is located
20.2m 10.3m below the finished grade be conducted. 20.2m i0.3m below the finished grado
elevation. elevation.

3. Inter-divisional walls, floors, doors and 3. Inspections of the as-installed intar- 3. The as-installed walls, floors, doors and
penetrations in the R/B have a three-hour divisional boundaries will be conducted. penetrations that form the inter-divisional
fire rating. boundaries have a three-hour fire rating.

4. The R/B has divisional areas with walls 4. Inspections of the as-built walls and 4. The as-built R/B has walls and watertight
and watertight doors are as shown on watertight doors will be conducted. doors as shown on Figures 2.15.10a y
Figures 2.15.10a through 2.15.100. through 2.15.100. 9

5. Main control room displays and alarms 5. Inspections will be performed on the main 5. Displays and alarms exist or can be k
provided for the R/B are as defined in control room displays and alarms for the retrieved in the main control room as @
Section 2.15.10. R/B. defined in Section 2.15.10. [

6. A flooding event involving release - 6. Inspections will be conducted of the 6. Penetrations (except for watertight
either the suppression pool or the CST divisional boundaries shown on Figure doors) in the divisional walls are at least
water does not affect more than one 2.15.10c. 2.5m above the floor level of -8200 mm.
division of safety-related equipment.

7. Except for the basement area, safety- 7. Inspections will be conducted of the as- 7. Except for the basement area, safety-
related electrical, instrumentation, and built equipment. related electrical, instrumentation, and
control equipment is located at least 20 control equipment is located at least 20
cm above the floor surface. cm above the floor surface.
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g Table 2.15.10 Reactor Building (Continued) b
E tu
a inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria 33

S 8. The R/B is protected against external 8. Inspections of the as-built structure will 8.
floods by having: be conducted. a. External walls below flood level are
a. External walls below flood level that equal to or greater than 0.6m thick to

are equal to or greater than 0.6m thick prevent ground water seepage.
to prevent ground water seepage. b. Penetrations in the external walls

b. Penetrations in the external walls below flood level are provided with
below flood level provided with flood flood protection features,
protection features.

c. Penetrations from the tunnel to the
c. Watertight penetrations to the Reactor Reactor Building are watertight.

Building from the tunnel that connects
the Radwaste Building, Turbine
Building and Reactor Building for the g
liquid radwaste system piping, b

h
9. The R/B is able to withstand the structural 9. A structural analysis will be performed 9. A structural analysis report exists which ;

design basis loads as defined in Section which reconciles the as-built data with concludes that the as-built R/B is able to g
2.15.10. structural design basis as defined in withstand the structural design basis 4

Section 2.15.10. loads as defined in Section 2.15.10.

&
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2.15.11 Turbine Building
,

'

Design Description

The Turbine Building (T/B) includes the elecuical building and houses the main
turbine generator and other power conversion cycle equipment and auxiliaries. The
T/B is located adjacent to the safety-related Seismic Category I Control Building. With
the exception ofinstrumentation associated with monitoring of condenser pressure,
turbine first-stage pressure, turbine control valve oil pressure and stop valve position,
there is no safety-related equipment in the T/B. The electrical building houses various
plant support systems and equipment such as non-divisional switchgear and chillers.

A tunnel connects the Radwaste Building, Turbine Building and Reactor Building for
the liquid radwaste system piping. Tlv penetrations from the tunnel to the Turbine r

Building will be watertight.

Flood conditions in the T/B are prevented from propagating into the Control Building
(C/B) via the Senice Building. This is achieved by locating the access from the T/B to
the S/B at or above grade level and providing a flood control doorway at the access
location.

The T/B is not classified as a Seismic Category I structure. However, the buildirg is
designed such that damage to safety-related functions does not occur under seismic
loads corresponding to the safe shutdown eanhquake (SSE) ground acceleradon.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.15.11 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Turbine Building.

O
Turbine Building 2.15.11-1



U Tablo 2.15.11 Turbine Building b
C tt!
; Inspections, Tests, Analyses and Acceptance Critoria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the T/B is 1. Inspections of the as-built structure will 1. The as-built T/B conforms with the basic
described in Section 2.15.11. be conducted. configuration described in Section

2.15.11.

2. The T/B is designed such that damage to 2. A seismic analysis of the as-built T/B will 2. A struc* ural analysis report exists which
safety-related functions does not occur be performed. concludes that under seismic loads
under seismic loads corresponding to the corresponding to the SSE ground
SSE ground acceleration. acoeteration the as-built T/B does not

damage safety-related functions.
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2.15.12 Control Building i

Design Description

The Control Building (C/B) is a structure which houses and provides protection and i

support for plant control and electrical equipment, batteries, portions of the React.or
Building Cooling Water (RCW) System, and C/B heating, ventilating and air
conditioning equipment. The C/B is located between the Reactor and Turbine
Buildings. Figures 2.15.12a through 2.15.12h show the basic contiguration and scope of
the C/B.*

The C/B is constructed of reinforced concrete and structural steel. The C/B is a shear-
wall structure (which accommodates seismic loads) consisting of the perimeter walls,
the steam-tunnel walls and the conneced supponing floors. Columns and walls cany
vertical loads to the basemat. The top of the C/B basemat is located 20.2m 10.3m below
the finished grade elevation. '

The C/B, except for the main control area envelope, is divided into three separate
divisional areas for mechanical and electrical equipment and four divisional areas for

,

instrumentation and control equipment (including batteries). Interdivisional

( boundaries have the following features:

(1) Interdivisional walls, floors, doors and penetrations which have three-hour fire
rating.

(2) Watertight doors to prevent flooding in one division from propagating to ;

other divisions. |

(3) Divisional walls in the basement are 0.6m thick or greater.

The main control area emelope is separated from the rest of the C/B by walls, floors, j
doors and penetrations which have three-hour fire rating.

Watertight doors between flood divisions have open/close sensors with status indication
and alarms in the main control room.

.

The C/B flooding that results from component failures in any of the C/B divisions does j
not prevent safe shutdown of the reactor. The basement floor is the collection point for ,

floods. Except for the basement and main control area envelope, safety-related
electrical equipment and instrumentation and control equipment is located at least 20
centimeters above the floor surface. Level sensors are located in the basement area of
each of the three mechanical divisions. These sensors send signals to the corresponding

r
i

5
* The overall building dimensicas provided in Figures 2.15.12a through 2.15.12h are for iN

information only and are not intended to be part of the certified ABWR information. i

Control Building - 2.15.12-1

l

)

!



i

|

2SAS447 Rev.2
' ABWR certwasassign unterist

O
divisions of the Reactor Senice Water (RSW) System indicating flooding in that disision
of the C/B. These sensort are located no higher than 1500 mm above the C/B basement
fleor.

The basement area level sensors are powered from their respective dhisional Qass 1E
power supply. Independence is provided between the Cass IE divisions for these
sensors and also between the Cass IE divisions and non-Qass IE equipment.

To protect the C/B against an external flood the following design features are provided:
I

(1) External walls below flood level are equal to or greater than 0.6m thick to
prevent ground water seepage.

(2) Penetrations in the external walls below flood level are provided with flood
protection features.

1

Within the C/B, the steam tunnel has no penetrations from the steam tunnelinto other i

areas of the C/B. The concrete thickness of the steam tunnel walls, floor and ceiling
within the C/B is equal to or greater than 1.6m.

"

| The C/B is classified as Seismic Category I. It is designed and constructed to
accommodate the dynamic and static loading conditions associated with the various

I loads and load combinations which form the structural design basis. The loads are those

f associated with:

(1) Natural phenomena-wind, floods, tornadoes (including tornado missiles),
earthquakes, rain and snow.

| (2) Internal events-floods, pipe breaks and missiles.

(3) Normal plant operation-live loads, dead loads and temperature effects.

The steam tunnel is protected against pressurization effects that occur in the steam
tunnel as a result of postulated rupture of pipes containing high energy fluid.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.15.12 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Control Building.

O
2.15.12-2 Control Building
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1 P Table 2.15.12 Control Building b
$ %
; Inspections, Tests, Analyses and Acceptance Criteria g
h Design Commitment inspections, Tests, Analyses Acceptance Criteria D

1. The basic configuration of the C/B is 1. Inspections of the as-built structure will 1. The as-built C/B conforms with the basic
shown on Figures 2.15.12a through be conducted. configuration shown on Figures 2.15.12a
2.15.12h. through 2.15.12h.

2. The top of the C/B basemat is located 2. Inspections of the as-built structure will 2. The top of the C/B basemat is located
20.2m 10.3m below the finished grade be conducted. 20.2m 10.3m below the finished grade
elevation. elevation.

3. Inter-divisional walls, floors, doors and 3. Inspections of the as-installed inter. 3. The as-installed walls, floors, doors and
penetrations in the QB have a three-hour divisional boundaries will be conducted. penetrations that form the inter-divisional
fire rating. boundaries have a three-hour fire rating.

4. The QB has divisional areas with walls 4. Inspections of the as-built walls, and 4. The as-built C/B has walls and watertight
and watertight doors as shown on Figures doors will be conducted. doors as shown on Figures 2.15.12a y
2.15.12a through 2.15.12h. through 2.15.12h. y:

k5. The main control area envelope is 5. Inspections of the as-built structure will 5. The as-built C/B has a main control area
separated from the rest of the QB by be conducted. envelope separated from the rest of the $
walls, floors, doors and penetrations C/B by walls, floors, doors and [
which have a three-hour fire rating. penetrations which P. ave a three-hour fire

rating.

6. Main control room displays and alarms 6. Inspections will be performed on the main 6. Displays and alarms exist or can be
provided for the QB are as defined in control room displays and alarms for the retrieved in the main control room as
Section 2.15.12. C/B. defined in Section 2.15.12.

7. Except for the basemat and main control 7. Inspections will be conducted of the as- 7. Except for the basemat and main control
area envelope, safety-related electrical built equipment. area envelope, safety-related electrical
equipment and instrumentation, and equipment and instrumentation, and n
control equipment is located at least 20 control equipment is located at least 20 g
cm above the floor surface. cm above the floor surface. p

=.
8. Level sensors are located in the basement 8. Inspections of the as-built equipment will 8. Level sensors are located in the basement $

area of each of the three mechanical be conducted. area of each of the three mechanical g.
u divisions. These sensors are located no divisions. These sensors are located no =

|A higher than 1500 mm above the QB higher than 1500 mm above the C/B k
y basement floor. basement floor. E
: !|t.

_ __ _ ___ _ - ._ __ .. . _ , _ _ . _



!*, Table 2.15.12 Control Building (Continued) b
" tn9 Inspections, Tests, Analyses and Acceptance Criteria

i 4
Design Commitment inspections, Tests, Analyses Acceptance Criteria

:=
9. The basement area level sensors are 9. 9.

powered from their respective divisional a. Tests will be conducted on the as-built a. The test signal exists only in the Class
Class 1E power supply. Independence is sensors by providing a test signal in 1E division under test.provided between the Class 1E divisions only one Class 1E division at a time. b. Phys.ical separat. ion or electricalfor these sensors and also between the
Class 1E divisions and non-Class 1E b. Inspections of the as-installed Class isolation exists between Class 1E
equipment. 1E divisions will be conducted. divisions. Physical separation or

electrical isolation exists between
these Class 1E divisions and non-
Class 1E equipment.

10. The C/B is protected against external 10. Inspections of the as-built structure will 10. The C/B is protected against external
floods by having: be conducted. floods by having:

a. External walls below flood level equal a. External walls below flood level equal y
to or greater than 0.6m thick to to or greater than 0.6m thick to {
prevent ground water seepage. prevent ground water seepage. g

b. Penetrations in the external walls b. Penetrations in the external walls E
"below flood level provided with flood below flood level provided with flood

protection features. protection features.

11. Within the C/B, the steam tunnel has no 11. Inspections of the as-built structure will 11. Within the C/B, the steam tunnel has no
penetrations from the steam tunnel into be conducted. penetrations from the steam tunnel into
other areas of the C/B. Other areas of the C/B.

12. The concrete thickness of the steam 12. Inspections of the as-built structure will 12. The concrete thickness of the steam
tunnel walls, floor and ceiling within the be conducted. tunnel walls, floor and ceiling within the
C/B is equal to or greater than 1.6m. C/B is equal to or greater than 1.6m.

c.
13. The C/B is able to withstand the structural 13. A structural analysis will be performed 13. A structural analysis report exists which g.

design basis loads as defined in Section which reconciles the as-built data with concludes that the as-built C/B is able to g
2.15.12. structural design basis as defined in withstand the structural design basis e

f Section 2.15.12. loads as defined in Section 2.15.12. j.
e -

h b
R !
e e

O O O
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2.15.13 Radwaste Building

Design Description

The Radwaste Building (RW/B) is a structure which houses the solid and liquid
radwaste treatment systems. The RW/B is classified as non-safety-related.

Flood conditions in the RW/B are prevented from propagating into the Reactor
Building and Turbine Building by providing the penetrations in external walls below
flood level with flood protection features.

A tunnel connects the Radwaste Building, Turbine Building and Reactor Building for
the liquid radwaste system piping. The penetrations from the tunnel to the Radw2ste
Building will be watertight.

The external walls of the RW/B below grade and the basemat are classified as Seismic
Category I. The exterior walls above grade, the floor slabs, the interior columns, and the
roof are classified as non-seismic.

The external walls of the RW/B below grade and the basemat are designed and
constmcted to accommodate the dynamic and static loading conditions associated with
the various loads and load combinations which form the structural design basis. The
loads are those associated witlu

(1) Natural phenomena-wind, floods, tornados, earthquakes, rain and snow.

|

| (2) Internal event-floods.

(3) Normal plant operations-live loads, dead loads and temperature effects.

The exterior walls above grade, the floor slabs, the interior columns and the roof are
designed such that damage to safety-related functions does not occur under seismic
loads corresponding to the safe shutdown earthquake (SSE) ground acceleration.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.15.13 prosides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be undertaken for the Radwaste Building.

Radwaste Building 2.15.13-1
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U Table 2.15.1311adwaste Building b
C tn
% Inspections, Tests, Analyses and Acceptance Criteric

Design Commitment inspections, Tests, Analyses Acceptance Critoria

1. The basic configuration of the RW/B is 1. Inspections of the as-built structure will 1. The as-built RW/B conforms with the basic
described in Section 2.15.13. be conducted. configuration in Section 2.15.13.

2. The external walls of the RW/B below 2. A structural analysis will be performed 2. A structural analysis report exists which
grade and the basemat are able to which reconciles the as-built data with the concludes that the as-built RW/B is able to
withstand the design basis loadings as structural design basis as defined in withstand the structural design basis
defined in Section 2.15.13. Section 2.15.13. Ioads as defined in Section 2.15.13.

3. The exterior walls above grade, the floor 3. A seismic analysis will be performed. 3. A structural analysis report exists which
slabs, the interior columns and the roof concludes that under seismic loads
are designed such that damage to safety- corresponding to the SSE ground
related functions does not occur under acceleration, the as-built RW/B does not
seismic loads corresponding to the SSE damage safety-related functions.
ground acceleration. g
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2.15.14 Service Building |
1

Design Description

The Senice Building (S/B) is a stmcture which houses the Technical Suppon Center,
Operational Support Center, and the counting room for analyzing post-accident
samples. The S/B is classified as non-safety-related. It is located adjacent to the Controlt

Building.

The S/B is not classified as a Seismic Category I structure.

Inspections, Tests, Analyses and Acceptance Criteria
|
t

Table 2.15.14 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteda, which will be undertaken for the Senice Building.

~

Service Building 2,15.14-1

- _ - _ . - - _ _ - _ _ _ - _ _ _ _ _ - - - - - _ - _ - _ _



D Table 2.15.14 Service Building b
C Cl3

$ Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The basic configuration of the S/B is 1. Inspections of the as-built structure will 1. The as-built S/B conforms with the basic
described in Section 2.15.14. be conducted. configuration described in Section

2.15.14.
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No entry for this system.
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2.16.2 Oil Storage and Transfer System |

Design Description

The Oil Storage and Transfer (OST) System consists of three independent Emergency
Diesel Generator (DG) fuel oil storage and transfer systems with their respective fuel
storage tanks, transfer pumps, day tanks, and instrumentation and controls. Figure
2.16.2 shows the basic system configuration and scope.

The three divisions (Divisions I, II, and III) of the OST System provides fuel oil to their
respective divisional DGs.

The OST System is classified as safety-related.

Each DG fuel oil storage tank provides a rWin.um seven (7) day fuel oil supply with its
respective DG supplying its maximum los e-of-coolant accident (LOCA) load demand.

DG fuel oil is transferred automatically from the storage tanks to the day tanks by day
tank low level signals. Manual control of DG fuel oil transfer is also provided. DG fuel
oilis transferred from the storage tanks to the day tanks at a rate which exceeds the DG
consumption rates while supplying their maximum LOCA load demand.

Each DG fuel oil day tank provides a minimum four (4) hour fuel oil supply with its
respective DGs supplying its maximum LOCA load demand. Fuel oil is transferred from
the day tanks to the engine fuel oil pumps by gravity flow.

The OST System, including the DG fuel oil storage and day tanks, is classified as Seismic
Category I. Figure 2.16.2 shows the ASME Code class for the OST System.

Each of the three OST System Class 1E divisions is powered from its respective Class 1E

division. In the OST System, independence is provided between Class 1E didsions, and
also between the Class 1E divisions and non-Class 1E equipment. .

The three DG fuel oil storage tanks are separately located underground outside of the
Reactor Building. The oil storage tank external equipment is located above the
maximum flood level and protected from missiles generated by the emironment.

Within the Reactor Building, each mechanical division of the OST System is physically
!

separated from the other divisions. '

:

The OST System has the following displays and controls in the main control room
,

(MCR): j
i

(1) Parameter displays for DG fuel oil storage tank levels and day tank levels. )
x 1

(2) Controls and status indication for DG fuel oil transfer pumps. i

Oil Storage and Transfer System 2.16.2 1

_. _ _ _ _. _ __
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Inspections, Tests, Analyses and Acceptance Criteria

Table 2.16.2 provides the definition of the inspection, tests, and/or analyses, together
with the associated acceptance criteria, which will be undertaken for the OST System.

O

,

t

,

O
2.16.2 2 OilStorage and Transfer System
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E Table 2.16.2 Oil Storage and Transfer System b
l|06 -

A Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

The basic configuration of the OST 1. Inspections of the as-built system will be 1. The as-built OST system conforms with
System is as shown on Figure 2.16.2. conducted, basic configuration shown on Figure

2.16.2.

2 The ASME Code components of the OST 2. A prcssure test will be conducted on 2. The results of the pressure test of the
System retain their pressure boundary those code components of the OST ASME Code components of the OST
integrity under internal pressures that will System required to be pressure tested by System conform with the requirements in
be experienced during service, the ASME Code. the ASME Code, Section Ill.

3. Each DG fuel oil storage tank provides a 3. Analyses for the as-built DG fuel oil 3. Each as-built DG fuel oil storage tank
minimum seven (7) day fuel oil supply storage tanks to determine the required provides a minimum seven (7) day fuel oil
with its respective DG supplying its fuel oil storage volume based on DG fuel supply with its respective DG supplying
maximum LOCA load demand. consumption data and LOCA load its maximum LOCA load demand.

demand will be performed. Inspections of g
the as-built DG fuel oil storage tanks to &

| determine usable fuel storage volume will 8
| be conducted. ip

s
4 DG fuel oilis transferred automaticath; 4. Tests on the as-built DG fuel oil transfer 4. The as-built DG fuel oil transfer system N

from the storage tanks to the day tanks by systems will be conducted by simulating operation occurs automatically on the day
day tank low level signals. Manual control day tank hw Icvel signals, and by manual tank low level signals, and when initiated
of DG fuel transfer is also provided. control. manually.

E>. DG fuel oil is transic.rred automatically 5. Tests on each division of the as-built DG 5. DG fuel oil is transferred automatically
from the storage tanks to the day tanks at fuel oil transfer systems will be conducted from the storage tanks to the day tanks at
a rate which exceeds the DG consumption by transferring fuel oil while the DGs are a rate which exceeds the DG consumption

@ rates while supplying their maximum supplying their maximum LOCA loads. rates while supplying their maximum
|

E LOCA load demand. LOCA load demand.
a
% G. Each DG fuel oil day tank provides a 6. Analyses for the as-built DG oil day tanks 6. Each DG fuel oil day tanks provides a g
3 minimum four (4) hour fuel oil supply to determine the required fuel oil volume minimum four (4) hour fuel oil supply (
) with its respective DG supplying its using DG fuel consumption data and with its respective DG supplying its p
3 maximum LOCA load demand. LOCA load demand will be performed. maximum LOCA load demand. g.
"r Inspections of the as-built DG fuel oil day =

E tanks to determine usable fuel storage $
} volume will be conducted. (
3 - t

O O O
-
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g Table 2.16.2 Oil Storage and Transfer System (Continued) b
W - l|0
g Inspections, Tests, Analyses and Acceptance Criteria

} Design Commitment inspections, Tests, Analyses Acceptance Criteria %
a
" - . The DG fuel oil storage and day tanks are 7. Seismic analyses on the fucI oil storage 7. Seismic analyses reports exist and7

f classified as Seismic Category I. and day tanks will be performed. conclude that the DG fuel oil and storage

5 and day tanks are able to withstand
el Seismic loads.
1
[ B. Each of the three OST System divisions is 8. 8.

powered from its respective Class 1E a. Tests will be conducted in the as-built a. The test signal exists only in the Class
division. In the OST System, OST System by providing a test signal 1E division under test in the OST
independence is provided between the in only one Class 1E division at a time. System.

,

Class 1E divisions, and between the Class
1E divisions and non-Class 1E equipment, b. Inspections of the as-built Class 1E b. In the OST System, physical

divisions in the OST System will be separation or electrical isolation exists
conducted. between Class 1E divisions. Physical

separation or electricalisolation exists 4

between these Class 1E divisions and k
non-Class 1E equipment. $

9. Within the Reactor Building, each 9. Inspections of the as-built OST System 9. Within the Reactor Building, each f
mechanical division of the OST System it will be conducted. mechanical division of the OST System is 4

physically separated from the other physically separated from the other
divisions. mechanical divisions by structural and/or

f,ro barriers.

10. MCR displays and controls provided for 10. Inspections will be conducted on the MCR 10. Displays and controls exist or can be
the OST System are as defined in Section displays and controls for the OST System. retrieved in the MCR as defined in Section
2.16.2. 2.16.2.
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2.17,1 Emergency Response Facilities

Design Description

The Technical Support Center (TSC) and Operational Support Center (OSC) are the
only emergency facilities within the scope of the ABWR Standard Plant.

The purpose of the TSC is to provide management and technical support to personnel
in the Main Control Room during emergency conditions. The TSC is non-safety-related
and is not Seismic Category I. The TSC is located in the Senice Building and has ;

sufficient space to accommodate at least 25 individuals. The TSC has voice i

communication equipment for communication with the Main Control Room,
Emergency Operations Facility, OSC and NRC Headquarters Operation Center.

The TSC has displays for the plant parameters listed in Table 2.7.1a, Item B, Fixed
Position Displays.

The purpose of the OSC is to provide an assembly area separate from the Main Control
Room and TSC where licensee operations support personnel can report in an
emergency. The OSC is nonsafety-related and is not Seismic Category I. The OSC is
located in the Senice Building and has voice communication equipment for

C communication with the main control room and the TSC.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.17.1 provides a definition of the inspections, tests, and/or analyses, together
with associated acceptance criteria, which will be performed for the Emergency
Response Facilities.

!

>

i

s
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U Table 2.17.1 Emergency Response Facilities b
C- CD
4 Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The TSC and OSC are located in the 1. An inspection will be performed for the 1. The TSC and OSC are in different
Service Building. location of the TSC and OSC. locations in the Service Building. The TSC

is adjacent to the passage from the
Service Building to the Control Building.

22. The TSC has sufficient space to 2. An inspection will be performed of the 2. The TSC has at least 175 m of floor
accommodate at least 25 individuals. floor space in the TSC. space. -

3. The TSC has voice communication 3. A test will be performed of the TSC voice 3. The TSC voice communication with the
equipment for communication with the communication equipment. Main Control Room Emergency
Main Control Room, Emergency Operations Facility, OSC, and NRC
Operations Facility, OSC, and NRC Headquarters Operation Center is audible
Headquarters Operation Center, and intelligible at each location.

9
4. The TSC has displays for the plant 4. An inspection will be conducted on the 4. Displays exist or can be retrieved in the y

parameters listed in Table 2.7.1a, item B, displays for the TSC. TSC for the plant parameters listed in {
Fixed Position Displays. Table 2.7.1a, item B. ;

(5. The OSC has voice communication 5. A test will be performed of the OSC voice 5. The OSC voice communication with the
equipment for communication with the communication equipment. Main Control Room and TSC is audible
main control room and TSC. and intelligible at each location.
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3.0 Additional Certified Design Material

| This section provides additional certified design material for those aspects of the {
Certified Design that cannot be conveniently covered in the system-bygstem |
information presented in Section 2.0. This additional material addresses plant-wide,
multi-system issues; the extent to which the material applies to each of the individual
Section 2.0 systems is defined by scope / application discussions in each of the Section
3.0 entries.
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3.1 Human Factors Engineering |
;

Design Description
i

The ABWR certified design's human-system interface (HSI) will be developed, j
designed, and evaluated based upon a human factors systems analysis and shall reflect ' l

human factors principles. The HSI scope applies to the main control room (MCR) and
Remote Shutdown System (RSS). Further, within the MCR, the HSI scope includes that i

area which provides the displays, controls and alarms required for normal, abnormal ;

and emergency plant operations.
|

The HSI design effort will be directed by a multi <lisciplinary HFE Design Team |
comprised of personnel with expertise in human factors engineering (HFE) and in - !

other technical areas relevant to the HSI design, evaluation and operations. The HFE [
Design Team shall develop a Prognm Plan to establish methods for implementing the

.

'!

HSI design through a process of human factor systems analysis as shown in Figure 3.1. ,

Implementation of that process will be as follows: !

(1) A System Functional Requirements Analysis Implementation Plan will be
.

,

developed which establishes that plant system functional requirements will be - |

analyzed to identify those functions which must be performed to satisfy the
objectives of each functional area. System functional requirements analyses, as .,
corrected to account for nonconformances, will be conducted in ;

conformance with the provisions of this plan. The functional analyses will {
~

determine the objectives, performance requirements and constraints of the ,

design, and establish the functions which must be accomplished to meet the -|
objectives and required performance. !

f
(2) An Allocation of Functions Implementation Plan will be developed to i

establish methods of allocating fimctions to personnel, system elements and !
I

personnel-system combinations. An analysis of the allocation of system
functions, as corrected to account for nonconformances, will be conducted in j

conformance with the provisions of this Plan. |

(3) A Task Analysis Implementation Plan will be developed to establish methods' f
for conducting the task analysis. The task analysis, as corrected to account for j"

nonconformances, will be conducted in conformance with the provisions of j

this Plan and will be used to identify the behavioral requirements of the tasks -}
the personnel are required to perform in order to achieve the functions t

allocated to them. The task analysis will identify the information and control :'
requirements that form the basis for specifying the requirements for the
displays, data processing and controls needed to carry out the tasks. The task i

analysis will also be used to maintain human performance requirements |
within human capabilities, as an input for developing personnel skill,

-hHuman factors Engineering 3.1-1

|
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personnel training, plant procedures and system communication ,

requiremen ts and as an input to the evaluation of established plant operations
control room stafling levels.

(4) A Human-System Interface Design Implementation Plan will be developed to
establish methods for applying human engineering principles in the design
definition and evaluation of the HSI. HSI design definition and evaluation, as
corrected to account for nonconformances, shall be conducted in

conformance with the provisions of this plan.

(5) A Human Facton Verification and Validation Implementation Plan will be
developed to establish methods for conducting an evaluation of the HSI
design as an integral system using HFE evaluation principles, procedures and
criteria. The HSI design as corrected to account for nonconfonnances, will be
evaluated as an integrated system in conformance with the provisions of this
plan.

(6) The as-built configuration of the MCR and RSS shall be in conformance with
the certified and validated MCR and RSS designs.

Inspections, Tests, Analyses and Acceptance Criteria

Table 3.1 prosides a definition of the instructions, tests, and/or analyses, together with
associated acceptance criteria, which will be undertaken to demonstrate compliance
with the HFE commitments for the certified design.

O
3.1 2 Human factors $ngineenng

|
1
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d Table 3.1 Human Factors Engineering b
L tQ

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections Tests, Analyses Design Acceptance Criteria
:
1 1. 1.

a. A multi-disciplinary HFE Design Team a. The composition of the HFE Design a. The HFE design team shall be
shall be established and be comprised Team shall be reviewed. comprised of the following expertise:
of personnel with expertise in HFE (1) Technical Project Management
and in other technical areas relevant
to the HSI design, evaluation and (2) Systems Engineering
operation. (3) Nuclear Engineering

(4) Control and Instrumentation
Engineering

(5) Architect Engineering

(6) Human Factors y
>

(7) Plant Operations g
(8) Computer Systems Engineering y
(9) Plant Procedure Development C

(10) Personnel Training

b. An HFE Program Plan shall be b. The HFE Program Plan shall be b. The HFE Program Plan shall establish:
developed which establishes that the reviewed. (1) Methods and criteria for the HS1
human-system interfaces shall be development, design and
developed, des,gned, and evaluated evaluation.i

based upon human factors systems
analysis and shall reflect human (2) Methods (or addressing:

p factors principles. The HSI scope shall (a) The ability of the operating n
g apply to the MCR and RSS, personnel to accomplish $.

assigned tasks. (,",,
y (b) Operator workload levels and [
g vigilance. g-
S. R:s =
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g Table 3.1 Human Factors Engineering (Continued) b
8

- {|||3
Inspections, Tests, Analyses and Acceptance Criteria

C
g Design Commitment inspections, Tests, Analyses Design Acceptance Criteria

k 1.4. Continued 1.b. Continued 1.b. Cont nuedi

; (c) Operating personnel

{ " situation awareness."

(d) The operators'information
processing requirements.

(e) Operator memory

[ requirements.

(f) The potential for operator
error.

(3) HSI design and evaluation scopo

(
which applies to the MCR and y

|
RSS. The HSI scope shat! address {normal, abnormal and w

emergency plant operations, and f
test and maintenance interfaces 9

that impact the functions of the
operations personnel. The HSI
scope shall also address the
development of operating
technical procedures for normal,
abnormal and emergency plant
operations and the identification
of personnel training needs
applicable to the HSI design. p
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e Table 3.1 Human Factors Engineering (Continued) b
inspections, Tests, Analyses and Acceptance Critaria

Design Commitment inspections, Tests, Analyses Design Acceptance Criteria %

Uti. Continued 1.b. Continued 1.b. Continued
(4) The HFE Design Team as being

responsible for:

(a) The development of HFE plans
and procedures.

(b) The oversight and review of
HFE design, development,
test, and evaluation activities.

(c) The initiation,
recommendation, and
provision of solutions
through designated channels y
for problems identified in the b

implementation of the HFE k
activities. jy

(d) Verification of implemention b
of solutions to problems.

(e) Assurance that HFE activities
comply with the HFE plans
and procedures.

(f) Phasing of activities.
(5) The methods for the identification,

closure and documentation of
I human factors issues. &
3 B
B (6) The HSI design configuration p
{ control procedures. g
3 (7) The methods for reviewing HSI j.
,T operating experience. g
5- a,

b $
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F Table 3.1 Human Factors Engineering (Continued) b
a - g
E Inspections. Tests, Analyses and Acceptance Criteria k%
g Design Commitment inspections, Tests, Analyses Design Acceptance Criteria %
a -

2. 2. 2.p

} a. A System Functional Requirements a. The System Functional Requirements a. The System Functional Requirements
3. Analysis implementation Plan shall be Analysis Implementation Plan shall be Analysis Implementation Plan shall
4 developed which establishes that reviewed. establish:

plant system requirements shall be (1) Methods and criteria for con-analyzed to identify those functions ducting the System Functional
which must be performed to satisfy Requirements Analysis.
the objectives of each functional area.
System function analysis shall (2) That system requirements shall
determine the objective, performance define the system functions and
requirements, and constraints of the those system functions shall pro-
design, and establish the functions vide the basis for determining the
which must be accomplished to meet associated HSI performance %

| the objectives and required requirements. E;

performance. (3) That functions critical to safety
shall be identified. [

"
| (4) That descriptions shall be

developed for each of the
identified functions and for overall

j system configuration design itself.
Each function shall be identified
and described in terms of inputs
(observable parameters which will
indicate system status),
functional processing (control
process and performance {measures required to achieve the s;
function), functional operations E.

(including detecting signals, y
measuring information, @

| comparing one measurementwith $
| another, processing g,

? Ss -

1
. .-. . . . -- .
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Table 3.1 Human Factors Engineering (Continued) b
9 - - tg
g Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests. Analyses Design Acceptance Criteria 4
a. Continued 2.a. Continued information, and acting upon

decisions to produce a desired
condition or result such as a system
or component operation actuation or
trip), outputs, feedback (how to
determine correct discharge of
function), and interface requirements
so that subfunctions are related to
larger functional e!cments.

b. An analysis of system functional b. The analysis of the system functional b. The system functional requirements
requirements shall be conducted. requirements shall be reviewed. analysis, as corrected to account for

nonconformances, is conducted in
accordance with the requirements of in
the Human Factors Engineering {Program Plan and the System y

Functional Requirements Analysis ?
Implementation Plan. (
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it Table 3.1 Human Factors Engineering (Continued) b
3 tis
S Inspections, Tests, Analyses and Acceptance Criteria
&
g Design Commitment Inspections, Tests, Analyses Design Acceptance Criteria
a -

:3. 3. 3.p
Y a. An Allocation of Function a. The Allocation of Function a. The Allocation of Function impicmen-
{ Implementation Plan shall be implementation Plan shall be tation Plan shall establish:
4 developed which establishes the reviewed. (1) The methods and criteria for themethods for allocating functions t execution of function allocation.

personnel, system elements, and
personnel-system combinations. (2) That aspects of system and

functions definition shall be
analyzed in terms of resulting
human performance requirements
based on the user population.

(3) That the allocation of functions to
personnel, system elements, and {
personnel system combinations g
shall reflect: ;
(a) Sensitivity, precision, time, E

"and safety requirements.

(b) Reliability of system
performance.

(c) The number and the
necessary skills of the
personnel required to operate
and maintain the system.

(4) That allocation criteria, rationale, n
analyses, and procedures shall be g
documented. gi

t g
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t Table 3.1 Human Factors Engineering (Continued) b
:. - p

Inspections, Tests, Analyses and Acceptance Criteria
.

Design Commitment inspections, Tests, Analyses Design Acceptance Criteria

Na. Continued 3.a. Continued (5) That analyses shall confirm that
the personnel can perform tasks
allocated to them while
maintaining operator situation
awareness, acceptable personnel
workload, and personnel ,

vigilance. !
,

| |

b. A functional allocation analysis shall b. The functional allocation analysis b. The functional allocation analysis, as j
be conducted. shall be reviewed. corrected to account for I

'nonconformances, is conducted in

accordance with the requirements of
the Human Factors Engineering,

! Program Plan and the Allocation of tg

Functions implementation Plan. f_
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g Table 3.1 Human Factors Engineering (Continued) b

{ Inspections, Tests, Analyses and Acceptance Criteria

[R _

Design Commitment inspections, Tests, Analyses Design Acceptance Criteria
a

4. 4. 4.;p

} a. A Task Analysis implementation Plan a. The Task Analysis implementation a. The Task Analysis implementation
i shall be developed which establishes Plan shall be reviewed. Plan shall establish:
4 that task analysis shall be conducted (1) The methods and criten. fora

and used to identify the behavioral<

conduct of the task analyses.
requirements of the tasks the
personnel are required to perform in (2) The scope of the task analysis
order to achieve the functions which shallinclude operations
allocated to them. The task analysis performed at the operator
shall be used to maintain human interface in the MCR and at the
performance requirements within RSS. The analyses shall be
human capabilities; be used as an directed to the range of plant
input for developing personnel skill, operating modes, including g
personnel training, and system startup, normal operations, b

communication requirements and as abnormal operations, transient f
an input to the evaluation of conditions, low power and ip

established plant operations control shutdown conditions. The [
room staffing levels; and form the analyses shall also address
basis for specifying the requirements operator interface operations
for the displays, data processing and during periods of maintenance,
controls needed to carry out tasks. test and inspection of plant

systems and equipment, including
HSI equipment.

(3) That the analysis shall be used to
identify which tasks are critical to
safety. p
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t Table 3.1 Human Factors Engineering (Continued) b
a III* Inspections Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Design Acceptance Criteria 3|)

4.a. Continued 4.a. Continued (4) That task analysis shall develop
narrative descriptions of the
personnel activities required for
successful completion of the task.

(5) That task analysis shall identify
requirements for alarms,
displays, data processing, and
controls.

(6) That task analysis results shall be
made available as input to the
personnel training programs.

c. A task analysis shall be conducted. b. The task analysis shall be reviewed. b. The task analysis, as corrected to 4
5account for nonconformances,is

kconducted in accordance with the
requirements of the Human Facters &
Engineering Program Plan and the [
Task Analysis Implementation Plan.
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y Table 3.1 Human Factors Engineering (Continued) b
8 ttss inspections, Tests, Analyses and Acceptance Criteria
n

h Design Commitment inspections, Tests, Analyses Design Acceptance Criteria

h 5. 5. 5.

Y ti. HSI Design implementation Plan shall a. The HSI Design Implementation Plan a. The HSI Des *gn implementation Plan
i be developed which establishes that shall be reviewed. shall establish:
d human engineering principles ani (1) The methods and criteria for HSIcritena shall be applied in the design equipment design. I

definition and evaluation of the HSI. 1

(2) That the HSI design shall I
implement the information and i

control requirements: )
(a) developed through the task

analyses, including the
displays, controls and alarms
necessary for the execution of y
those tasks identified in the g |

task analyses as being critical u
|

tasks and, f '

"(b) defined in Table 2.7.1.a.

(3) The methods for comparing the
consistency of the HSI human
performance, equipment design
and associated workplace factors
with that modeled and evaluated
in the completed task analysis.

(4) The HSI design criteria and
'

guidance for control room &
operations during periods of k
maintenance, test and inspection. E,

e
(5) The test and evaluation methods 3

for resolving HFE/HSI design j'

issues. These test and evaluation g
9 methods shall include the criteria a
I to be used in selecting HFE/HS1 E-" '

design and evaluation tools.

|



t Table 3.1 Human Factors Engineering (Continued) b
a

CD" inspections, Tests, Analyses and Acceptance Criteria
%gDesign Commitment inspections, Tests, Analyses Design Acceptance Criteria

b. The HSI design shall be implemented, b. The HSI design implementation shall b. The HSI design implementation and
be reviewed, analyses, as corrected to account for

nonconformances, are conducted in
accordance with the requirements of
the Human Factors Engineering
Program Plan and the HSI Design
implementation Plan,

6. 6. 6.

a A Human Factors Verification and a. The Human Factors V&V Plan shall be a. The Human Factors V&V
Validation (V&V) Implementation Plan reviewed. Implementation Plan shall establish:
shall be developed which establishes

(1) The methods and criteria forthat the HSl des,ign shall be evaluated conducting the Human factors 4
as an integrated system using HFE Eygy*
evaluation principles, procedures and [
criteria. (2) That scope of the evaluations of ;

the integrated HSI shall include: ;
"(a) The HSI(including both the

interface of the operator with
the HSl equipment hardware
and the interface of the
operator with the HSI
equipment's software driven
functions).

(b) The Plant and Emergency
$ Operating Procedures. p
! (c) The HSI work environment. $;
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-p Table 3.1 Human Factors Engineering (Continued) b

ID
B inspections, Tests, Analyses and Acceptance Criteria
N
g Design Commitment inspections, Tests, Analyses Design Acceptance Criteria

k 6.a. Continued 6.a. Continued 6.a. Continued
4. (3) That evaluations of the HSI
| equipment shall be conducted to
& confirm that the controls,
'

displays, and data processing
functions identified in the task
analyses are provided.

(4) Thatintegration of HSIequipment
with each other, with the
operating personnel and with the
Plant and Emergency Operating
Procedures shall be evaluated
through the conduct of dynamic g
ask performance testing. The gdynamic task performance tests y

and evaluations shall have as their ?
objectives: [

(a) Confirmation that the
identified critical functions can
be achieved using the
integrated HSI design.

(b) Confirmation that the HSI
design and configuration can
be operated using the
established MCR staffing n
levels. g
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3., Table 3.1 Human Factors Engineering (Continued) b
? (|0E Inspections, Tests, Analyses and Acceptance Criteria

! Design Commitment inspections Tests, Analyses Design Acceptanco Criteria
I
j 6.a. Continued 6.a. Continued 6.a.(4) Continued
| (c) Confirmation that the Plant I

l and Emergency Operating
Procedures provide direction
for completing the identified
tasks associated with normal,
abnormal and emergency
operations.

(d) Confirmation that the time
dependent and interactive

i
! aspects of the HSI equipment
| performance allow for task

accomplishment. g
(c) Confirmation that the {

allocation of functionsis s
sufficient to enable task 2
accomplishment. N

(5) That dynamic task performance
test evaluations shall be
conducted over the range of
operational conditions and upsets.
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g Table 3.1 Human Factors Engineering (Continued) b
3 tD3 Inspections, Tests, Analyses and Acceptance Criteria
m

h Design Commitment inspections, Tests, Analyses Design Acceptance Criteria
a
m 6.a.Centinued 6.a. Continued 6.a. Continued
4. (6) The HFE performance measures
$ to be used as the basis for
& evaluating the dynamic task
*

performance test results.These
performance measures shall
address:

(a) Operating crew primary task
performance characteristics,
such as task times and
procedure compliance.

(b) Operating crew errors and y
error rates. p

(c) Operating crew situation k
awareness. ip

s
(d) Operating crew workload. %

(e) Operating crew
cammunications and
coordination.

(f) Anthropometry evaluations.

(g) HSI equipment performance
measures.

(7) The methods to confirm that HFE n*issues identified and documented g
have been resolved in the @
integrated HSI design. @
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t Table 3.1 Human Factors Engineering (Continued) b
L tu* Inspections Tests, Analyses and Acceptance Criteria

Design Commitment Inspections, Tests, Analyses Design Acceptance Criteria %
6.a. Continued 6.a. Continued 6.a. Continued

(8) The methods and criteria to be
used to confirm that critical
human tasks, as defined by the i

task analysis, have been
addressed in the integrated HSI
design.

b A human factors engineering analysis b. The analyses of the integrated HSI b. The human factors engineering
l of the integrated HSI design shall be design shall be reviewed. analysis of the HSI design, as )

conducted. corrected to account for
nonconformances, is conducted in
accordance with the requirements of
the Human Factors Engineering b;

Program Plan and the Human Factors fV&V 1mplementation Plan. y

7. The as-built configuration of the MCR and 7. Inspections of the as-built MCR and RSS 7. An as-built evaluation report exists which .Y
*P.SS shall be in conformance with the will be conducted. concludes that the as-built MCR and RSS

esrtified and validated MCR and RSS conform to the certified and validated
designs. MCR and RSS configurations, including

layouts, environmental characteristics,
the HSI, alarms, displays and controls.
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3,2 Radiation Protection

Design Description

The ABWR design provides radiation protection features to keep exposures for both
plant personnel and the general public below allowable limits. This section applies to
the radiological shielding and ventilation design of the Reactor Building, Turbine
Building, Control Building, Service Building, and Radwaste Building. j

The plant design provides radiation shielding for rooms, corridors and operating areas
commensurate with their occupancy requirements. Shielded cubicles, labydnth access
and prmisions for temporary shielding are used to reduce exposure. Under accident
conditions, plant shielding designs permit operators to perform required safety
functions in vital areas of the plant. A vital area is an area which will or may require
occupancy to permit an operator to aid in the mitigation of or recovery from an
accident. In addition to protection of operating personnel, the plant design provides
radiation shielding to protect the general public.

Plant ventilation systems maintain concentrations of airborne radionuclides at levels '

consistent with personnel access requirements. In addition, airborne radioactivity ,
'

monitoring is provided for those nonnally occupied areas of the plant in which there
exists a significant potential (greater thar. 0.1 per year) for airborne contamination.

'

Inspections, Tests, Analyses and Acceptance Criteria

Tables 3.2a and 3.2b provide a definition of the inspections, tests, and/or analyses,
together with associated acceptance criteria, which will be undertaken for the ABWR
plant shielding, ventilation and airborne monitoring equipment.

.

\

Radiation Protection 3.2-1
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and Shutdown Operations, Section A-A

|
3.2-2 Raciation Protection ;



_. _

,

1

25AS447 Rev. 2 ' |

ABWR c:rtinadossiga u:teriit 1

:

i
i

:
,

e e e e e e e :
54000 mm

8000 mm10500 mm * 1300 mm+1300 mm- - - ~ '- -*

r10500 mm ~8000 mm - -=8500 mm * -+-+
'

"'

PTMSL 49700 mm
i |

|

== | ,

UO I
- 1TMSL 38200 mm

___

L
'

J

TMSL 31700 mm 4F g
--- g..........g , 3;

!TMSL 27200 mm ! ! 7f7-

--f
A'AMA /CTMSL 23500 mm 3F

2F % % a e % <

,-=
7.....a

. . .yr-
,

% .

'w J;uu s. aTMSL 18100 mm -u::.== ;

. -- - 88' 1 'I su
F/O! !I/O 8 '

N'
08 !TMSL 12300 mm 1F : yyy :

TMSL 12000 mm CL/""'*
''-~~~ ~ h j 8

',I
"

TMSL 8500 mm L le el
e t=": a l_s -

TMSL 4800 mm 81F C.'C | | f
1 .r m

s la e, e

s u as ei C/C s

F/F s ags u
TMSL -1700 mm B2F e :- I

a
_ s . -e

_

e s s !

I i i . rer |
TMSL -8200 mm B3F s Ie aI s

'

L= ..... J.........................L ........J8

|

SECTION B-B

c

A s 0.6 mrem /h ;

B < 1.0 mrem /h
C < 5.0 mrem /h ;

D < 25.0 mrem /h
E < 100.0 mrem /h ,

'

F 2100.0 mrem /h
Full Power / Shutdown Operation

g

'
* Figure 3.2b Reactor Building Radiation Zone Map for Full Power

atid Slwidown Operations, Saction D C :

Radiation Protection 3.2-3 ;

4



|

|

25A5447 Rev. 2

ABWR certised0:sig> uateri:t

i

h
|

!

A
@ @ @ @ @ @ \

"<
.

54000 mm
1300 mm-- *-10500 mm-~ -= 8000 mm ~ ' ~1300 mm=

1300 mm 8500 mm --10500 %
* 8000 mm- = --

g, ' ,.................................................,
8 h >. trj . ,, g,. --1 8>

8

8500 mm | - 6 J | " "
. cu, eu, eu , cu.. cao eee ..

.-
,

e :-
: a

h !
,

""" ]
"'cu

'' ' - * ' "' ? ____s

|57.Occ
;

di 5 amm rer :! iw
10500 mm ! E1n!R i / '

!s MA3
- I e s

357000 mm a 4 e
I e"/C | / e33 m

. ,, : ic r--
8 T

; g,

cu,
- \ ace i ,1 88 j ' I.00 0 ,,,,,

i t_- f i. i ! .0. Jt.e -0 -

e BW i
, ae eg
1 skg8000 mm e P I:$ 3 e

i *=ran % |

o// | cec
- I@ | < * +% + * > |8 %

s
| < C/C > ( ,' merc g,

10500 mm 8 a--------- ' aac

RHRIB) F/r - D"_*.* Rmict Fef

h ____
d

.G M b- h
i : :eno cee eno . :. y.

_

eew| ,c, g_;
!

'

M ~
e .c.

k........................................L !,.

i e
-

........J
1

1300 mm 18 0 *

AM
!

A s 0.6 mremh ;

B < 1.0 mrem,h |
C < 5.0 mremt |

'D a 25.0 mremh
E < 100.0 mrem /h ,

F 2100.0 mremh i

IFuti Power / Shutdown Operation

Figure 3.2c Reactor Building Radiation Zone Map for Full Power and
Shutdown Operations, Floor B3F-Elevation -8200 mm

3.2 4 Radiation Protection

_ _ - - _ - - - _ - _ _ _ _ _ _ _ _ _ _ _ . - - - . _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



;

25AS447 Rev. 2

ABWR cartisedoesigmu:teri:1

' [ ?

I i

\ .'s
t

i

!

8 .@ @ '

1300 mm--= -4500 mm.~10500 mm--=
1300 mm i

e

g. ......... ,.... ..., ,

| ''I= =cC ]! g
: 'g:::-::: .

9500 mm

d l i , cuWdi " .:,. ,
e

i '

8 : p .
_ _ , ,

-

! ! co.5: m\ |
, - ..

%'dN"- ,s
10500 mm I a CEE> ." r

a n !

| g cow if,

\v/, !6 | 1O "
*

;
'

s N/
i A ./V |

~ i
:

r

!
9

?

>

|
r

!

:
t

>

-

i

!
t

i
!

A s 0.6 mreinh
B < 1.0 mrernh -!

'C < 5.0 mremb
O < 25.0 mremM .

*

tE < 100.0 mremt
F 2100.0 mrem /h ,

Full Power / Shutdown Operation j

Figure 3.2d Reactor Building Radiation Zone Map for Full Power and
Shutdown Operations-Elevation -5100 mm

i

Radiation Protection 3.2-5 }
|

!
9



_ _ _ _ _ _ _ _ _ _ _

25AS447 Rsv. 2

ABWR cartisedcasiga usterist

O

A9
O @ @ f$,. @ @ @

54000 m
1300 mm-*8000 mm+-10500 mm-+ +-1300 mm-+ +--=+-

1300 mm +-10500 mm-8000 mm8500 mm +-. - -+

g ._________________ ........_______________.-____
3,

fs '

Min 3' N..Dr! ,,n__s@a -

'

li
$5" ==

: !@ !
! i rer - rer i J ___''imges |.

g |
CUW CUW/FPC ,g.... 4, I | :,,

#8
' D'g\10500 mm e

!
" " /r/'a,#,

k' N]
y

!

8 - s
8 - * a57000 mm

@ ! .','
"3* i! i rer // . s es s

B smomm i I.w .' // MW | | B

h8" '! i) A i A4- | W
s '1 s

-

a =J" "

Wf/r jj j 90*

i d{. |pf/D i

270' |
- m-

.
C/C 70 . I en

h ! \ / --- !
*

% +*, C/C
|

'

| gZ **,q___ p'
, Z j i

10500 mm 8

' -

e : n ----

r !,, ,,
; <m ~ _ _ _ _ .

' 'y.

: M S RIP C-D/C_O 8CRD

!
i

_________
_ ________ ____________

@ !.__________________.._____________.........____.!
t ,

1300 mm 18 0 * i

AM |A 5 0.6 mremh
B < 1.0 mremh
C < 5.0 mremt |

'

D < 25.0 mremh
E < 100.0 mremh
F 2100.0 mremt
Fun Power / Shutdown Operation

Figure 3.2e Reactor Building Radiation Zone Map for Fall Power and
Shutdown Operations, Floor B2F-Elevation -170G mm

32-6 rT.;n&rs Protectiors

_



25AS447 Rev. 2 i

ABWR certisiedoesienearerial i

!

A

A9
8 @ @ Q. @ 8 @

54000..
H300 mm .8000 mm * *~10500 rnm~200 mm- = * -=

B000 mm *= *H0500 mm-.200 mm .. 8500 mm *- -*

g ,........ ..............

x --: s ';;;g ' -ss, , i j,,,n,e
, , , ,,- -i

\, |osa mm *, r w . ise";** v
rie

,, . . ns0 ,

n- m. :i, , , ,...g j8 [T F- .....a . , , e ,

,--|,l.JIE.f.....
4 , ,

| <' N<' i !
p;$.

* *' "'c

**'! ' ,''N I ,I
rer ., i <

, , , , ,g "" dd M
,
'

105m mm
/ A .'

' ,i |s
. .,

i

tMl,f
, .

| |
\| | \ 1

,k
'

[ g, Y
I '=/| /\ B

e

g/B !,,,, , , ,

',' W s$$ |'

270*e .- cri ;\ -

,
Li , ;

I.
,

,

's ,

'.
\
'
. '
i

i .

'.'
i

\ t
'
.
1

/ ,

I

A s 0.6 mrem /h
B < 1.0 mrem /h
C < 5.0 mremh

iD < 25.0 mrem /h
iE < 100.0 mrem /h

F 2100.0 mremt
Full Power / Shutdown Operation

|
Figure 3.2f Reactor Building Radiation Zone Map for Full Power and'

Shutdown Operations-Elevat' 1500 m m

Radiation Protection 3.g.7

|
______________J



.

25AS447 Rev. 2

ABWR certisedo: sign uaterizi

G.,,
@ @ @ Q. @ @ @ ,

54000 mm
1300 mm- 10500 mm 8000 mm 1300 mm-- -+ ~- - -

10500 mm8500 mm B000 mm -+ - -+ - -

1300 mm ,

6 |
A 1d (MJ

*

{g'STkl ENTfN
#

RSS
A/A(A) yy

9500 mm > <|
___

CLASS 1E O,N_

8ELECTRICAL E0. -

psg rg .

=> ' x x
hM'

nl ,;;;;====f'* g--- g
1- b

lik. '

0500 mm *# 'v RIPRP C/C ,

57000 mm PANELS ',# / PANELS'

* ,

h Bm! #B000 mm
A/A CLASS 1E CLASS 1E

< INSTRUMENT INSTRUMENT t ! '

!

Q Div IV pfr DIV I j 84=

270* < a I 90*
CLASS 1E CLASS 1E |INSTR NT8000 mm jTRUMENT

rh p% i@
-

d,NW.Yb $b|EYSs oa

|10500 mm * ,

I NSO
~

< -1 a 1
_

>

CLASS 1E CLASS 1E ,_

ELECTRICAL EO. ELECTRICAL EO. )( O!V 11 DIV I!!
A/A

4 Ie

t
1300 mm 15 0 '

AM
A s 0.6 mrern'h
B < 1.0 mrem /h ,

C < 5.0 mrem /h
D < 25.0 mrem /h
E < 100.0 mrem /h
F 2100.0 mrem /h
Full Power / Shutdown Operation

OFigure 3.2g Reactor Building Radiation Zone Map for Full Power and
Shutdown Operations, Floor B1F-Elevation 4800 mm

124 Radiation Protection . k,a

!

._ _ _ _ _ _ _ _ - - - _ - _ _ _ _ _ _ _ _ _ _ _ - - - - _ - _ _ - - _ .



-- _

l

25AS447 Rev. 2 ',

'ABWR ceniewoesipacteri:1

i

'!
I

t

@ @ @ Q. @ @ @
.

|
54000 ma,

1300 mm-+ +-10500 mm-+ 8000 mm+- +-- 1300 mm- +-
,

1300 mm +-10500 mm-8500 mm +- - 8000 mm. +-
4

g '

k \f

.--,
#~ ,#-| \,

% | %
t, . ,& - ,'

,3, , ,, ; |f
ar-- ,z . ^'^i s, | ;

-- m
. -N,s , , X El

'si ,|i |
e7r---]+d

,
a ,.,i

eg); ,

)c L ------------g y &e ij ;

,g 7,=
I Ei,,! : L ... 2.1. d,,, : ;;;d.,ren Ps yr yw.

/,# ,**g
| ||,t

,

'

|{1,
#10500 mm

57000 mm * Ss e ga g p3

h |I , /,s e 33 m S d' [<

!g
g

sEudur \ ! I B*B 8c" m" *
.

Il{ g ,g8 OlV IV 8
fh |

| ,t==t ==|:
i !

R$Km 8 gD*s . ja

g|i:'"dS
*Ai /A|

',| P 8 r/r PS

\ //r's
,

==om"
, .

i|r, , L 'h. bh \@ c

#s....,- \ ', ;.
,|, s * # ,' f' v :** *# ' l10500 mm \

f
'

,- **=......e*# *, ,' C/C |,s 'g===='

|\
# '

s ,,- wa W |\~ ~ . .L./ ~~. xs

g ~~ ^, ,,- | \
'

|
-

\, !!' !f -:,
#

v' ,i \,
-%, I 1, a

| \, w .
~ ~ ,-. ,' ~ .,

g p", 's, ,e' A/A 's |
~

8 S

i
s ~, ~. - ng ,

t !
1300 mm 18 0 * i

AM !A 5 0.6 mremh
B < 1.0 mremh !

C < 5.0 mrem /h |
'

D < 25.0 mrem /h
!E < 100.0 mremt

F 2100.0 mremh ;;-p Full Power / Shutdown Operation
!(

Q ,

Figure 3.2h Reactor Building Radiation Zone Map for Full Power and |
Shutdown Operations-Elevation 8500 mm-

t

Radiation Protection 3.2-9 2

. - - _



25AS447 Rev. 2

ABWR certiroscesign neterici

A9
@ @ @ Q. @ @ @

$4000 mm
10500 mm 8000 mm *- 1300 mm--1300 mm-- - - -.- -

--10500 mm-8500 mm 5000 mm- - .--.
1300 mm -- ______..______ _

g, r ----------..f -i-L.1 y=9 - -
_

a e s -

a C/C SGTS s s

9 omm <
PAW F/Cy ,,___

s N F/F
'

|
**" i'J A/A

@ | + 4 1m ''
M j-5'~~ r',, b*g s

-!
-

I '

.
#' & '10500 mm I _ D gI CUW/FPC ,*

57000 mm < f',s %

f e 33 m 'g\ fg~

'

%| B'

8000 mm CLASS 1E F/r

B ik | EEfv"*' h. PSIA)
@ {g;. ,

i r i: ; - ,0
r >

,

/D 8 F/D i

| 's ,8 , | _8000 mm "

j | PStB) 's / !

N e y' PS!C)@
- '- m ,

* ' AA s
s *g* #, m

# '

'N , . ,f10500 mm
~ ~ . .

' EA/A --

r/o 5

@ - ___......._p |-
r, [ c'c | ^'AA mt

D0:s1
-' DCC

FCSIB) FCSIC)
8

~

@' , u_________________________.,___# L__r- ,

t W W
1300 mm 18 0 *

AM
m= =p

A 5 0.6 mren'h
B < 1.0 mrem /h
C < 5.0 mremh
D < 25.0 mremh - -

E < 100.0 mrem'h
F 2100.0 mrem /h
Full Power / Shutdown Operation

|

Figure 3.2i Reactor Building Radiation Zone Map for Full Power and |
Shutdown Operations, Floor 1F-Elevation 12300 mm

'

3.2-10 Radiation Protection



25AS447 Rev. 2

ABWR certisedoesiga u:::ri:1

f^s
I \

V
A9

@ @ @ Q. @ @ @
54000 mm

1300 mm--* --10500 mm-= 8000 mm * 1300 mm-+* -- +-

1300 mm + 8500 mm y8000 mm 710500 mm--a
*- +-

g' e................ 7. . . . . . . . . . . . + . . . . . . , _

N/ 8 5 I ==

M ,[| FPC FPC .gw | OGtA)
8 '

9500 mm F/F I MAIN STEAM r ; HVAC.

gM TUNNEL CHS'"""""
;.

b,'
E

- | .j (, C/C -

' A/A

% .~=~~ pFPC

10500 mm J' *** hfI^'NELS
*57000 mm " " " ' ,* g

h~o' th '
CLASS 1E e 33 m *

V INSTRUMENT ', W
-@j,,

% D!V IV y |g

B 8ooomm " ,|, \o '%
pg

e' tid '

8 8

p g ,( j. T-270- 90-

]1 k ,f*
,#*\ 8000 mm

r s,

A
If

g i I g
-

**
N LS NELSg -

( i 7 I MA

h _ l O'C <L= |l- -li C/C I
|T | | \/ |

| DGIC)
#DGIB) |g vHVAC ' A t HVACy

.............. f g

@ u................ % ...........r
t

1300 mm 18 0 -

ELEVATION 19600mm

A s 0.6 mremh
B < 1.0 mremh
C < 5.0 mremt
D < 25.0 mremh
E < 100.0 mremh
F 2100.0 mremh
Full Power / Shutdown Operation

Y Figure 3.2j Reactor Building Radiation Zone Map for Full Power and
Shutdown Operations, Floor 2F-Elevation 18100 mm

Radiation Protection 3.2 11

. _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



25AS447 Rev. 2 |

ABWR certin:doesiga materi:1

|
|

O 1

%
@ @ @ q. @ @ @

54000 mm
1300 mm- +-10500 mm- 8000 mm 1300 mm----- - -

1300 mm 8000 mm +- ~10500 mm--8500 mm *- --.

@. la ,o.

a Oc m
HOT UE5 I .

DAYTANK

,30a m, gn, 7 ,. _ _ _ _ _ _ _ - - _ _ - _ .s _ -i y ,y
| |

"""
|_SYSTEW
"d ;es a

b d
| |

ScTS : s A/A
# mT .

10500 mm A/A a

57000 mm
_

| | rN37
HvAciA3

@ | !
C'*

-
. .

3 | %~ 1scrs w
88"o** j% | | "fa' rer ; B

' i

ORO
'

A |
270' r

------

| '| .
90'

'

d,e,,c"==r*
- i a

** ** is | |sw j ,

l "'c | | n
@

m

ikTJs i ! T '

I | 4 37; 4'g?Mrs?
-g - oJasott10500 mm

_

@ y h;My - I]'~~,,,',m2LA %
a+ a g A/A

'" ''

f | A. | N
. ,

'n , .

| ,' N<f & j %,'| > i >|.',' ~,

'| 'N ogy~-oc. e,e , ,

avTua t.._________.a4 h .)wm
-

I ?!h --e <i .ti!!!'

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . ,

t
1300 mm 150 '

A 5 0.6 mremt
B < 1.0 mremh
C < 5.0 mrer,tt

D < 25.0 mremt
- E < 100.0 mremt -

F 2100.0 mremt
Full Power / Shutdown Operation

Figure 3.2k Reactor Building Radiation Zone Map for Full Power and
Shutdown Operations, Floor 3F-Elevation 23500 mm

3.2-12 Radiation Protec:ich

-. . _ - _ _ _ _ - - _ _ - _ _ _ _ _ _ _ _ - _



2SAS447 Rev. 2

ABWR certined 0: sign Mat: rial

1 O
i

i.

.
^9

! @ @ @ Q. @ @ @
i - 54000 mm

1300 mm--8000 mm-10500 mm--1300 mm- =- --+-

~10500 mm-i 1300 mm 8000 mm8500 mm -* *.

@_ >
m

. . . . . . . . _ _ _ _ _ _ _ _ _ . . . . . . . . . . _ . _

| 9500 mm , ,

g 7-

\ .I &/Qh I- \ / wi <'

\[ !
RIP I RIP

CCOLER /\ | COOLER(A310500 mm ta) j g i g

A/A / \ | -57000 mm
AfA<> / \ |i

h - b Y!
' '

, i w=, - w
C/C j j

i .g.

| d Bh1B 8 Coo mm .
. '

C I>

270* - 7 bl 4!CRO _

I i

"

90*HyI A
! = .

|j"

|t O O |

8000 mm'

@ +:ipi , ,..

'g ,/F/F i

10500 mm i
, y \ ,/ i

| % f
,

| k b \/ !m
2 ,\ 5 4

.

: '

h '

i V d ,, e / \ s v |
| ! !0 ,/ \ \/ i

'

=! s x i wm-

,/ \, },# yc,

RC - | |! '

_____..________y.._______________________..

I
1300 mm 18 0 *

AM
A s 0.6 mrem /h .

i B < 1.0 mrem /h
C < 5.0 mrem /h
D < 25.0 miem/h
E < 100.0 mrem /h
F 2100.0 mrem /h
Full Power / Shutdown Operation

Figure 3.2m Reactor Building Radiation Zone Map for Full Power and

|
Shutdown Operations, Floor 4F-Elevation 31700mm

Radiation Protection3.21.s

4



. . - .

c 25AS417 Rev. 2
<

ABWR certisedDesign Mat: rial

i

*
.

;

b

i
k
i

,

L .@ @ @ FQ. @ @ @
. 54000 mm'

|' 1300 mm-* 8000 mm+-10500 mm- 1300 mm-+-+- -- .-

f 1300 mm --10500 mm-*8500 mm - -+ 8000 mm -.

4*

< ........ .........................
'

| * %j - MS HVAC C/C 's' Y
'' '

i
- rw. ,- , , s..,

,300 mn, ;. ,
-

,
; c ------------i ,,,,g_> ~

| s / | % ',|
,

m | ,N/ \ ,| n < ~mi s , i

awi N / '

v ; ,\ \ fo 4 N, ,/ 4-@ r

| ,/ N ') ',' 8 y | \ ,, ',|
'

s a , ,s i s,, ,l' \ '
,% Y|Y,if r/r \ 01 " Y10000 mm |

'

aes
,3. h, | ,/ \ |

-- ss,,
! 57000 mm 7

|,

,|, |4| ,,.@ |+,\/
,.

',V ||-
'

< g.,

| V 4 i p:| V [ ', AfA8 8000mm FMCRD I /\ ,A
i

i s ,g g
-

gs eg
e a UC,

h {270*
l i s e s , '

) ! I r/r l ! v,e i, ,H
, g "' '

# 90,.' ' # a a 3
< I t / s a ss '

FMCR08000 mm
~

i A/A | \ C/C / i||8 A
g:

/ |i | | \

)8;

! @ |+\s, ',/ j ., j i. !', 4d'

l ,i! | y | N / | r/r

10500 mm /\ ! \ / s. .
A

'g' #
'I / \ \ / i

t-] N/ | ,X
's<

| / \ |
-

x sfgr

h p' \ Oh % / diIk. * 4

< WIB,

| \/ / \ s N /WR- 7 o
:ourwwT > j 4,# | / \ | \/ <'towwort >

*" } ^ < **
; , 3- #\ | '/ \ s e s

,%\ s /C/CN* ,'s , -
' /a

)<,, g, ' L _ _ _ _ _ ' e 'M ',x,j\ o
r s ,

g;
,,g , ,

i f
| 1300 mm 18 0 *

AM
,

f A s 0.6 mree
; B < 1.0 mrem /h
| C < 5.0 mrem /h

D < 25.0 mrem /h
i E < 100.0 mrem /h

F 2100.0 mrem /h'

Full Power / Shutdown Operation

Figure 3.21 Reactor Building Radiation Zone Map for Full Power and-

Shutdown Operations-Elevation 27200 mm

3 2-13' Radiation Protection
i

'
'

. .- . - - - - . - _ -.



O h
V[h| O,

'

|

[ A9 y
| | $!ia 2 @ @ @ @ @ @ @ :E

C < 5.0 mrem /h 1300 - - a500--+- 1050 0--+- e 0 00 -+-8000~- 10500 -- e500--+ +-1300 gyr

o D < 25.0 mrem /h 1300

| | |: =2== @ n--------- ; g y
'

Full Power / Shutdown Operation | \ / .

|a
% #

\ / !
,

9500 1

,',' \, / ,
-,

e- -

| '\, i |
-

/ <1

| \ / |
\10500 I s i

O @ @ | 'N / |
'

1300-+ - 8 5 00 --++--10500- | g / |
, % 4 T",

'

'\ / | b8000 .

[ M
|A/A |

_ , |~70
-- -- - - - | g | gD*r

_

4' ' / \ | ~.
'" I s % i m8000 ,

2@
| / 's | R

@
' fi|

| / '\ j
- ^ "

,

v | ,/ \, |
| - -: ,,

/ \10500 1 , ,

\1 A/A I i i A/A

| | / \ |

| | 's |@ -
'
I -. .

16g | , ||
' '

ua
10500 | \ j,

_A ._ _ , _a_ is

k I OI #

g }...S | / \ | 1,_ - - - a.____.._....._........_.~
,

1300 18 0 '

AM EELEVATION 34500mm
ELEVATION JB200mm $

Figure 3.2n Reactor Building Radiation Zone Map for Full Power and Shutdown Operations-Elevations 34500 mm (w

I, and 38200 mm E
-o

. _ _ _ . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ . _ . _



s 2

@ @ @ @
2400C-.:.

+--800CT7. Oh

I i

TR F1000re f g

/ /
2Fj

.- - - -
_ ___ ,

%PROUSS R/9
C0:4Vrm ,. .- CONTROL 11D

Twst nica,= 1F
_

_ _ _ .

Acuss
_

r"MAN
-

Tust. 7800= B1F
_ [

y

Non-av 2-

ntcincAL Q-
tourert NTwn. 35comm B2F

7 ....................
--

- NCW-A

CTux. -team 83F
,__

; RCW-A

|
Tu -estnna B4F i

... ..x _ _ . . . . . . . . . - - - . - -

@
A 5 0.6 mrem /h 3,
0 < 1.0 mrem /h $3 C < 5.0 mrem /h u.=

$ D < 25.0 mrem /h $
c- E < 100.0 mrem /h a
S F 2100.0 mrem /h I
$ 5
n %

|- Figure 3.20 Control Building Radiation Zone Map for Full Power Operations, Section A-A (

O O O
. - - -



f'N ]
^

b V

.= b
a. l|Q
O.
O
3

7
y C1 C2 C3 C4 CS C6 C7
R
8 aooc..

-j-n30C. .. - 270t . . - - 030C- .-- m :. - 070fe .-

1 a nion . , . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
-- = -- = ;._ ----_ ___________________ _ ___ ,

'
r |

I SlJRY 00MU57 00MUST STEAM Tt9M2., DHAUST DlHAUST D04ALST |

| HVAC-8 HVA *HI CRHAM: HVAC-A 04HA-6 HVAC-C
Tra. mso- 2F I

i
.

4

PNS gappty sasgy 1, =gg ggyEM _ -, A NM HVAC-4 A HVAC-C E
ACCESS r

TMsl U300m CE. IF g g
d

-,

1
- -.

* c"a_DG
Lurn comRot nocu

COEROL PAfE2.3 CONTRG. PAM13 e 9
Twn. 7ecom B1F

_ gNS
- ,

b - kniet nicT niet nicT
EQUP [0UP M~UY EQUP Ep 9 N
DrV I CN N N IN DIY I DV 5 E 20

Tus. 3soo m B2F E a
5rr . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - .___ _____ _______ _ __ ..

N

Tust -atso m B3F
'

h HK AREA_

^"
r-- r _____-.

_,,

new-e new-A new-c g
#C C C 1

Tust _an= B4F _ __ ._ . ._
g

i
._____ _ _ _ _ - _ _ = - - - . -___ ___ - ____ _ -- - _ _ - - - - - _____.s- n

4
A s 0 6 mrem /h 4
8 < 1.0 mrom/h $
C < 5.0 mrem /h A-

D < 25.0 mrem /h $
E < 100.0 mrem /h t!
F 2100.0 mrem /h %.

i it
!tu o

I Figure 3.2p Control Building Radiation Zone Map for Full Power Operations, Section B-B g
~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



s M

@ @ @ @ @ @ @
rg

10300.. - - 070C. . - - 800C.c - 000C.. . : - 0 70c . .=

''^g - ,

* *XA A,,_
.._____ ;___..__ ;______________ ;__________

'

@ + + + | !'
1:

sa= w
no== 270" 3 RCW-0 RCW-A RCW-c 90* 2

,
i N

B i Bh U- Y Y Y | p- J
C C C i3

SUMP-B SUMP-A SUMP-C '-----

.
O

j __ i _-,

180 " 4 A
e

A 5 0.6 mrem!h E}.
B < 1.0 mrem /h $3 C < 5.0 mrem /h u.=

$ D < 25.0 mrem /h $
g- E < 100.0 mrem /h t!.

F 2100.0 mrem /h '84 it:
Ias E

| Figure 3.2q Control Building Radiation Zone Map for Full Power Operation, Floor B4F-Elevation -8200 mm Eg

O O O
.



s

>t CD
8: 3
8 :54 '

0
B.

@ @ @ @ @ @ @"

saooe, ..
-

:

- tucc-_-
- 070C... - -

C300. . . . . -*--600C. . . 9700. - -

0" kA
- .- - - - - . _ . . _. . - -

3A A'

_ _ _ _ m _ _ _ _ _ _ _ _de
. _ _ _ _ _ , ' ,. _ _ _ _ _ _ _ _ _ _ q u__ _ _ _ _ _4_ _ _ _ _ _ _ _ _ _ _g

'**=
i

. . . . .. _.. _ .

f g|
_ __

__.

! 90" $Inocomm 270"
~

\ C C C -

4 Hfec*tss i?
~

*
sooo m

-

j
_

MCW-5 RCw-A RCW 4 '5
"'

- BB (
- ~ - ~ -~ ~ [ Ib j

aswa | I __
l _ __ r_._ :

asw-A I I I
asw-c I |

1.----- -. -.
.------ . ------------

180 * 4 A. ,

e
A s 0.6 mrem /h &
B < 1.0 mrem /h R
C < S.0 mrem /h A
D < 25.0 mrem /h $
E < 100.0 mrem /h t!
F 2100.0 mrem /h %,

I 5-

{ Figure 3.2r Control Building Radiation Zone Map for Full Power Operation, Floor B3F-Elevation -2150 mm f9

.

_ _ _ . . _ _ _ . . m-_m_.___.___-_.- __ -mm ec *e-,,,.e +.e,. -er,,. - .,-..+-._ <.e. ..c.i. ,,,--,,4.+,.,...v...e,.. ,. -.-.- -..#-, e ...-,..m.: ,....-,......_......._.,__...wmm,



9

E m'

@ @ @ @ @ @ @
56000....

~ $30C... - -

070C . .
- - 000C... - 0:XC. . : - ;70C..

O' PA
I 8

, ,
_-.

, , __.. ,_ H,
. . . . i i

* 'l

f= = = -

=

270' 90" t

75EE ?5L"xr M iSEE ?55"v0N . hemena
DIY 5 CN N EQUEMNT DN I Onf 8 524000nm

.
y

@ "i y A
~

j- f
i l

._

~

z -

"g'? "A
]

. . e i i ! -

|
_ g __. _... * _ .

i . .*' 4i
.

_____ _ --- - -

180 " L A
e

A $ 0.6 mrem /h B.
B < 1.0 mrem /h @

@ C < 5.0 mrem /h **-

$ D < 25.0 mrem /h $
t. E < 100.0 mrem /h u
3 F 2100.0 mrem /h '@.

|2 $
8 s
S Figure 3.2s Control Building Radiation Zone Map for Full Power Operation, Floor B2F-Elevation 3500 mm B.
a -

O O O



. . . .

s
2 h
a =
w
3
,
a
,

e
* @ @ @ @ @ @ @

5800C...
-

:

-

1030C. . .
-

07DC. . .
- 800C;.. 300C... . - 970C. . .

|

0" +
@, ._------------...---__.--__--__........1-_A._--_--___------_ -__---_---_____---

| ~
~-j |-l' '

i- - - -

! ..

a00u '~
E

/,p |g !@ + + +
=7 90* a270* b%Et h %Et a

emum

2 e =" B A - - --

Occ L =e - + + -1- r i .)a
-

<
====

,

? j ==. ,

t - = ., g
i t - 1 -

i i __. _-.
i - -

p L-_-___-____-____-__---______---_--______--------_---____________--__----_---__.
O n

180 * 4 A -
=

A s 0.6 mrem /h B.
B < 1.0 mrem /h - @.
C < 5.0 mrem /h 4

D < 25.0 mrom/h &
E < 100.0 mrem /h !!
F 2100.0 mrom/h 'E,

I R
2w

@ Figure 3.2t Control Building Radiation Zone Map for Full Power Operation, Floor B1F-Elevation 7900'mm (-

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



s

b C3

@ @ @ @ @ @ @ E

$600G,.

1330C . - - 9700...- - 800C;.. -- --

030C.. .
- 070G---

0*|-> A
-- -- - -- ..

.
,

-

8000rmi 3'
- - .. . DELER LMT C

W SET

b
L =270-

-- -
+ + +! l !e ! 9L,~~ A 8

' '
=_

L
- . C= i.-

24000mm m SET - -
N

+ + =J Y 5I [@ $L--- -.- ..-
.

-

~i- br li t ; i
- -

"
R/s-comatus Access _; -.-c.n

.:------...pt.q t.y
_

j -----... .__ . _ _ _ _

180 " i+- A
~~~ p

A s 0.6 mrem /h B.
B < 1.0 mrem /h @

@ C < 5.0 mrem /h 4.

E D < 25.0 mrem /h $
E. E < 100.0 mrem /h 2
8 F 2100.0 mrom/h %,

Ii $,

38 s
| S- Figuro 3.2u Control Building Radiation Zone Map for Full Power Operation, Floor 1F-Elevation 12300 mm ii.
t 3 -

O O O
_ . -- -



)
C v

E
h
tog 38
53

0
n
6'

@ @ @ @ @ @ @
"

Secco n.. -

1030C; r - 9700;.. -- 1800C. ..-
--

- 970Cn.-;
-

O" f A
I __________________________;q

_____ ________.____________

8??1 ?Mi |
-l- ==d :.ex- ,

F
~' ' '

_ . DILLER UNIT 8 CitLLER LJ4T A - -
-

270- A _--
= =n _ A 90' E** =

R ?."-
- . ,

B a --- --- - - ~ ~

)BOcc L |-W W - - ;T

~d=' EMI 'sPJ W FJ il

[ _5}.{.,
su m y twMust EMtMST
wAo-a WAc-e CRM-C S

|
_.. _ . g_Y, _.py-;. .... . ;'

_ _4_______ _.4 _____.________Jt._______+__.__________.._______

180 " L> A e
A 5 0.6 mrem /h B.
B < 1.0 mrem /h R
C < 5.0 mrem /h u.
D < 25.0 mrem /h $
E < 100.0 mrem /h !!
F 2100.0 mrem /h %,

it:
Iu R

|$ Figure 3.2v Control Building Radiation Zone Map for Full Power Operation, Floor 2F-Elevation 17150 mm (

. _ . _ _ _ - - - - _ - _ - - _ _ - _ _ _ . - _ _ _ - _ _ _ _ _ _ - - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ - . ._____._ _ __ - _ _ _ _ - - _ _ _ _ _ _ _ - _ _ _ - . ..



. _ - _ - _ _ _ _ - . _ __ - _. - - _ _ _ _ _ _ _ _ _

U Table 3.2a Plant Shielding Design b
% W

Inspections, Tests, Analyses and Acceptance Criteria

Design Comm tment inspections, Tests, Analyses Acceptance Criteria

1. The plant design shall provide radiation 1. An analysis of the expected radiation 1. Maximum expected radiation dose rates
shiciding for rooms, corridors and levels in each plant area will be in each plant area (deep dose equivalent
operating areas commensurate with their performed to verify the adequacy of the measured at 30 cm from the source of the
occupancy requirements. shielding design. This analysis shall radiation, not contact dose rates) are no

consider the following: greater than the dose rates specified for
the following zones, based on the accessa. Cor firmatory calculations shall
requirements of that area fer plantconsider significant radiation sources

peration and maintenance.(greater than 5% contribution) for an
area. Radiation source strength in
plant systems and components will be Zone Dose Rate Access
determined based upon an assumed (mrem /hr) Reauirements
source term of 100,000 pCurie/sec

A s0.6 Uncontrolled, goffgas release rate (after 30 minutes
unlimited access.decay), a 300 pCurie/ gram-steam N-16 g

source term at the vessel exit nozzle, B <1 Contro!!ed, 5
and a core inventory commensurate unlimited access. E
with a 4005 Mw, equilibrium core at 4

51.6 kw/ liter. Source terms shall be C <5 Controlled, limited
adjusted for radiological decay and access 20 hr/ week.
buildup of activated corrosion and

D <25 Controlled, limitedwear products.
access 4 hr/ week.

b. Commonly accepted shleiding codes,
using nuclear properties derived from E <100 Controlled, limited

~

well known references (such as access 1 hr/ week.
Vitamin C and ANSI /ANS-6.4) shall be

F 2100 Restricted, pused to model and evaluate plant
radiation environments. Infrequent access. &

o Authorization @
E (1) For non-complex geometries, required. S
}. point kernel shielding codes @

4 (such as QAD or GGG) shall be %,

Q used. $
E. E
- a
3 k

O O O
--

- -
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p Table 3.2a Plant Shielding Design (Continued) b
@% Inspections, Tests, Analyses and Acceptance Criteria

g
.

a

g Design Commitment inspections, Tests, Analyses Acceptance Criteria

{ (2) For complex geometries, more Plant layout such that access to higher
8 sophisticated two or three zones (areas with higher dose rates) is

dimensional transport codes from lower zoned areas. Corridors and
(such as DORT or TORT) shall be normal traffic areas are Zone C or less.
used. Control rooms are Zone B or less.

Radiation zones for the Reactor Building
and Control Buildina are indicated in
Figures 3.2a through 3.2v.

c. A safety factor shall be applied based
upon benchmark comparisons.

2. The plant design shall provide shielded 2. Using the methods identified in (1) above, 2. Shielding design of a room including any
cubicles, labyrinth access, and space for radiation levels present in rooms shall be temporary shielding is such that radiation %
temporary shielding to reduce radiation evaluated for the contribution from from adjacent rooms shall contribute no E
exposure from adjacent rooms. adjacent rooms. more than a small fraction (10% or less) of {

the dose rate or less than 0.06 mrem /hr s
whichever is larger, in the room. For this E

*purpose, the drywell shall be considered a
room.

3. The plant radiation shielding design shall 3. An analysis of the expected high radiation 3. Under accident conditions, radiation
permit plant personnel to perform levels in each area which will or may shielding design allows access to
required safety functions in vital areas of require occupancy to permit plant occupancy and egress from areas
the plant (including access and egress of personnel to aid in the mitigation of or required to maintain post-accident safety
these areas) under accident conditions. recovery from an accident (vital area) functions such that individual personnel

shall be performed to verify the adequacy radiation doses do not exceed 5 rem to
of the plant shielding design.This the whole body, or its equivalent, for the n

@$
analysis shall uso calculational methods duration of the accident (based on the
consistent with (1.b) above and a required frequency of access to each vital
radiation source term (adjusted for area). $
radioactive decay) based on the R

| following: T
E

| t g

| k n'

|

- . - - -. - - - . _ _ _ -



y Table 3.2a Plant Shielding Design (Continued) b
4 D3* Inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria %

3. (continued) 3. (continued) 3. (continued)
a. Liquid containing systems: 100% of For areas requiring continuous occupancy

the core equilibrium noble gas (such as the main control room, technicai
inventory,50% of the core equilibrium support center, and emergency
halogen inventory and 1% of the operations support center), design dose
equilibrium core inventory of the rates shall not exceed 15 mrem /hr
remaining radionuclides are assumed (averaged over 30 days).
to be mixed in the reactor coolant and
recirculation liquids recirculated by
the Residual Heat Removal (RHR)
System, the High Pressure Core
Flooder (HPCF) System, and the
Reactor Core Isolation Cooling (RCIC) y

System. W
$b. Gas containing systems: 100% of the y

core equilibrium noble gas inventory ?
and 25% of the core equilibrium C
halogen activity are assumed to be
mixed in the containment
atmosphere. For vapor containing
systems (such as the main steam
lines), these core inventory fractions
are assumed to be contained in the
reactor coolant vapor space.

4. The plant design shall provide radiation 4. Using the methods identified in (1) above, 4. As a result of normal operations, the
shielding to protect the general public the radiation dose to the maximally radiation dose from direct and scattered D
outside of the controlled area. exposed member of the general public radiation shine to the maximally exposed h

@ outside of the controlled area from direct member of the public outside of the EL

$ and scattered radiation shine shall be controlled area is equal to or less than P
[ determined. 2.5 mRom/ year, j-
o R
e a
a a

I

O O O
,

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



~

V(hv

[ Table 3.2b Ventilation and Airborne Monitoring h
E' W
g inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

j. 1. Plant design shall provide for 1. Expected concentrations of airborne 1. Calculation of radioactive airborne
o containment of airborne radioactive radioactive material shall be calculated by concentration shall demonstrate that:

materlats and the ventilation system will radionuclide for normal plant operations
I

a. For normally occupied rooms andmaintain concentrat, ions of airborne and anticipated operational occurrences areas of the plant (i.e., those areas
radionuclides at levels consistent with for each equipment cubicle, corridor, and requiring routine access to operate
personnel access needs. operating area requiring personnel and maintain the plant), equilibrium

access. Calculations shall consider: concentrations of airborne
a. Total ventilation flow rates for each radionuclides will be a small iraction

area. (10% or less) of the occupational
concentration limits listed in 10CFR20
Appendix B.

b. Typicalleakage characteristics for b. For rooms that require infrequent g
equipment located in each area. access (such as for non-routine b

equipment maintenance), the k
ventilation system shall be capable of y
reducing radioactive airborne 5

*
ccncentrations to (and maintaining
them at) the occupational
concentration limits listed in 10CFR20
Appendix B during the periods that
occupancy is required.

c. A radiation source term in each fluid c. For rooms that seldom require access
system based upon an assumed (such as the backwash receiving tank
offgas rate of 100,000 Curie /sec (30 room), plant design shall provide
minute decay) appropriately adjusted containment and ventilation to reduce p
for radiological decay and buildup of airborne contamination spread to B.
activated corrosion and wear other areas of lower contamination. {
products. p

5
t a
'!! $'

- .- -- . .. . . . _ _ . _ _ _ _ _ .



t Table 3.2b Ventilation and Airborne Monitoring (Continued) b
4 (33* Inspections, Tests, Analyses and Acceptance Criteria

g%Design Commitment inspections. Tests, Analyses Acceptance Criteria

2. Airborne radioactivity monitoring shall be 2. An analysis shall be performed to identify 2. Airbome radioactivity monitoring system
provided for those normally occupied the plant areas that require airborne shall be installed as defined in this
areas of the plant in which there exists a radioactivity monitoring. certified design commitment.
significant potential for airborne
contamination (greater than 0.1 per year).
The airborne radioactivity system shall:

a. Have the capability of detecting the
time inte0 rated concentrations of the
most limiting internal dose particulate
and iodine radionuclides in each area
equivalent to the occupational
concentration limits in 10CFR20,
Appendix B for 10 hours. g

b. Provide a calibrated response, {
representative of the concentrations s
within the area (i.e., air sampling 3
monitors in ventilation exhaust N

streams shall collect an isokinetic
sample).

c. Provide local audible alarms (visual
alarms in high noise areas) with
variable alarm setpoints, and
readout / annunciation capability.

&
B.

i? $
e e
? &.

t a
6' 3
3 k

O O O
_ . .
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3.3 Piping Design

Design Description

| Piping associated with fluid systems is categorized as either nuclear safety-related (i.e.,
Seismic Category I) or non-nuclear safety (NNS) related (i.e., non-Seismic Category I).
The piping shall be designed for a design life of 60 years. Piping systems that must
remain functional during and following a safe shutdown earthquake (SSE) are
designated as Seismic Category I and are further classified as ASME Code Class 1,2 or
3. The piping design requirements identified in this section encompass piping systems
classified as nuclear safety-related and unless otherwise specified in this description,
piping systems means nuclear safety-related piping systems. Piping systems and their
components are designed and constructed in accordance with the ASME Code
requirements identified in the individual system Design Descriptions.

| Piping systems shall be designed to meet their ASME Code class and Seismic Category I
requirements. The ASME Code Class I,2 and 3 piping systems shall be designed to
retain their pressure integnty and functional capability under internal design and
operating pressures and design basis loads. Piping stresses due to static and dynamic
loads shall be combined and calculated in accordance with the ASME Code and shall(' be shown to be less than the ASME Code allowables for each senice level.

s
'

For ASME Code Class 1 piping systems, a fatigue analysis shall be performed in
accordance with the ASME Code Class 1 piping requirements. Emironmental effects
shall be included in the fatigue analysis. The Class 1 piping fatigue analysis shall show
that the ASME Code Class I piping fatigue requirements have been met.

For ASME Code Class 2 and 3 piping systems, piping stress ranges due to thermal
expansion shall be calculated in accordance with the ASME Code Class 2 and 3 piping
requirements. The piping stress analysis shall show that the ASME Code Class 2 and S
piping thermal expansion stress range requirements have been met. For the ASME
Code Class 2 and 3 piping systems and their components which will be subjected to
severe thermal transients, the effects of these transients shall be included in the design.

Feedwater lines shall be designed for thermal stratification loads.

Piping systems shall be designed to minimize the effects of erosion / corrosion.

For those piping systems using ferritic materials as permitted by the design
specification, the ferritic materials and fabrication processes shall be selected to ensure
that the piping system is not susceptible to brittle fracture under the expected senice
conditions.

Piping Desiges 3.3-1
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For those piping systems using austenitic stainless steel materials as permitted by the
design specification, the stainless steel piping material and fabrication process shall be
selected to reduce the possibility of cracking during service. Chemical, fabrication,

| handling, welding, and examination requirements that reduce cracking shall be met.

Piping system supports shall be designed to meet the requirements ofASME Code
Subsection NF.

For piping systems, the pipe applied loads on attached equipment shall be calculated
and shown to be less than the equipment allowable loads.

Analytical methods and load combinations used for analysis of piping systems shall be
referenced or specified in the ASME Code Certified Stress Report. Piping systems and
their supports shall be mathematically modeled to provide results for piping system
frequencies up to the analysis cutoff frequency. Computer programs used for piping
system dynamic analysis shall be benchmarked.

Systems, structures and components that shall be required to be functional during and
following an SSE shall be protected against the dynamic effects associated with

| postulated high energy pipe breaks in Seismic Cateogry I and NNS piping systems.The
Pipe Break Analyses Report shall specify the criteria used to postulate breaks and the
analytical methods used to perform the pipe break analysis. For postulated pipe breaks,
the Pipe Break Analysis Report shall confirm: (1) piping stresses in the containment
penetration area shall be within their allowable stress limits, (2) pipe whip restraints and
jet shield designs shall be capable of mitigating pipe breakloads, and (3) loads on safetys
related systems, structures and components shall be within their design loads limits.
Piping systems that shall be qualified for leak-before-break design may exclude design
features to mitigate the dynamic effects from postulated high energy pipe breaks. ,

Stmetures, systems, and components that shall be required to be functional during and '

following an SSE shall be protected against the effects of spraying, flooding, pressure i

and temperature due to pstulated pipe breaks and cracks in Seismic Category I and NNS
piping systems.

,

Piping systems shall be designed to provide clearance from structures, systems, and
components where necessary for the accomplishment of the structure, system, or
component's safety function as specified in the respective structure or system Design
Description.

The as-built piping shall be reconciled with the piping design required by this section.

O
3.3 2 Piping Design
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Inspections, Tests, Analyses and Acceptance Criteria

Table 3.3 provides a definition of the inspections, tests, analyses, and associated
acceptance criteria, wisich will be performed for ABWR nuclear safety-related and hWS
related piping systems as specified in each system's Design Description. Table 3.3 may
be completed on an individual system basis.

A

%/
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! Table 3.3 Piping Design h
A ti3

inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The piping system shall be designed to 1. Irapections of ASME Code required 1. An ASME Code Certified Stress Report
meet its ASME Code Class and Seismic documents will be conducted, exists.

| Category I requirements.

The ASME Code Class 1,2, and 3 piping
system shall be designed to retain its
pressure integrity and functional
capability under internal dcsign and
operating pressures and design basis
loads. Piping and piping components
shall be designed to show compliance
with the requirements of ASME Code
Section 111. ,

m

| 2. Systems, structures, and components, 2. Inspections of the Pipe Break Analysis 2. A Pipe Break Analysis Report exists. This
that are required to be functional during Report, or Leak-Before-Break Report, will report includes documentation of the y

and following an SSE, shall be protected be conducted. results of inspections of high energy pipe ip
against the dynamic effects associated An inspection of the as-built high energy break mitigation features. Alternatively, a [

Leak-Before-Break Report exists for thosewith postulated high energy pipe breaks pipe break mitigation features will be, sections of piping systems qualified forin Seismic Category I and NNS piping performed.
systems. Piping systems that are qualified leak-before-break design.
for leak-before-break design may exclude
design features to mitigate the dynamic

! effects from postulated high energy pipe
breaks.

3. The as-built piping shall be reconciled 3. A reconciliation analysis using the as- 3. An as-built stress report exists. For ASME
with the piping design required in Section designed and as-built information will be Code Class piping, the as-built stress p
3.3. performed. report includes the ASME Code Certified g

Stress Report and documentation of the R
results of the as-built reconciliation S

g analysis. .
,

d g
e =

| I $
,

' O O O
. .
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3,4 Instrumentation and Control

introduction
Subsection A provides a description of the configuration of safety-related, digital
instrumentation and control (I&C) equipment encompassed by Safety System Logic
and Control (SSLC). Subsection B contains a description of the hardware and software

development process used in the design, testing, and installation ofI&C equipment.
This includes descriptions of the processes used to establish programs that assess and
mitigate the effects of electromagnetic interference, establish setpoints for instrument
channels, and ensure the qualification of the installed equipment. Subsection C
discusses the diverse features implemented in I&C system design to provide backup

'

support for postulated worstcase common-mode failures of SSLC.

| The devices addressed in this section are electronic components of the ABWP.'s I&C

systems. These components are configured as real-time microcontrollers that use
microprocessors and other programmable logic devices to perform data acquisidon,
data communications, and system logic processing. These omponen'.s also contain
automatic, on-line self-diagnostic features to monitor these tasks and off-line test

!capability to aid in maintenance and surveillance. The operating programs for these
controllers are integrated into the hardware as firmware [ software permanently stored

- in programmable read-only memory (PPOM)]. A controller's operating system can
pennit field adjustment of selected parameters under proper change control.

| Adjustable parameters are stored in electrically-alterable read-only memory (EAROM)
or equivalent. |

A. Safety System Logic and Control
'

Design Description

Safety-related monitoring and trip logic for the plant protection systems resides in SSLC |

equipment. SSLC integrates the automatic decision-making and trip logic functions and
manual operator initiation functions associated with the safety actions of the safety-
related systems. SSLC generates the protective function signals that activate reactor trip
and provide safety-related mitigation of reactor accidents. The relationship between
SSLC and systems for plant protection is shown in Figure 3.4a.

SSLC equipment comprises microprocessor-based, software-controlled signal
processors that perform signal conditioning, setpoint comparison, trip logic, system

| initiation and reset, self-test, calibration, and bypass functions. The signal processors
associated with a particular safety-related system are an integral part of that system.
Functions in common, such as self-test, calibration, bypass control, power supplies and
certain switches and indicators, belong to SSLC. However, SSLC is not, by itself, a

\
system; SSLC is the aggregate of signal processors for several safety-related systems.
SSLC hardware and software are classified as Class 1E, safety-related.

Instrurnentation and Control 3.4- 1
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Sensors used by the safety-related systems can be either analog, such as pr > cess control
transmitters, or discrete, such as limit switches and other contact closures. While some j

sensor signals are hardwired directly to the SSLC processors, most sensor signals are
tansm.itted from the instrument racks in the Reactor Building to the SS! C equipment
in the Control Building via the Essential Multiplexing System (EMS). Both analog and
discrete sensors are connected to remote multiplexing units (RMUs) in local areas,

|
which perform signal conditioning, analog-to<ligital conversion for continuous process

i inputs, change-of-state detection for discrete inputs, and message formatting prior to
signal transmission. The RMUs are limited to acquisition of sensor data and the output
of control signals. Trip decisions and other control logic functions are perfonned in
SSLC processors in the main control room area.

The basic hardware configuration for one didsion ofSSLC is shown in Figure 3.4b. Each
division runs independently (i.e., asynchronously) with respect to the other divisions. 4

I

The following steps describe the processing sequence for incoming sensor signals and
outgoing control signals. These steps are performed simultaneously and independently
in each of the four divisions:

(1) The digitized sensor inputs from RMUs are received in the control room at
contml room multiplexing units (CMUs), which associate sensor signals with
their logic processing channel. These sensor signals are decoded by a
microprocessor-based function, the Digital Trip Module (DTM). For sensor
signals hardwired to the control room, the DTM also performs digitizing and
signal conditioning tasks. For each system function, the DTM then compares
these inputs to preprogrammed threshold levels (setpoints) for posdbie trip
action. The DTM provides a discrete trip decision for each setpoint
comparison.

(2) For Reactor Protection System (RPS) trip and main steam isolation valve
(MSIV) closure functions, trip outputs from the DTM are then compared,
using a 2-out-of4 coincidence logic format, with trip outputs from the DTMs
of the other three divisions. The trip outputs are compared in the trip Ic,gic
unit (TLU), another microprocessor-based device. The logic format for the
DTM and TLU is fail-safe (i.e., de-energize-to-operate). Thus, a reactor trip or
MSIV closure signal occurs on loss ofinput signal or power to the DTM, but,
because of the 2-out-of-4 logic format in the TLU, a tripped state does not
appear at the output of the TLU (for a single division loss of power). Loss of
signal or power to a division's TLU also causes a tripped output state, but the
2-out-of-4 configuration of actuator load drivers prevents de-energization of
the pilot valve solenoids.

O
3.4-2 Instrumentation and Control
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(3) Trip outputs are sent from the TLU to the RPS and MSIV output logic units !

(OLUs). The OLUs use non-microprocessor circuitry to provide a diverse
(i.e., not software-based) interface for the following manual functions:

(a) Manual reactor trip (per division: 2-out-of-4 for completion).

(b) MSIV closure (per division: 2-out-of-4 for completion).

(c) MSIV closure (eight individual control switches).

(d) RPS and MSIV trip reset.

(e) TLU output bypass

The OLUs distribute the automatic and manual trip outputs to the MSIV pilot
valve and scram pilot valve actuating devices and provide control of trip seal-
in, reset, and TLU output bypass (division-out-of-senice bypass). Bypass
inhibits automatic trip but has no effect on manual trip. The OLUs also
provide a manual test input for de-energizing a division's parallelload drivers
(part of the 2-out-of-4 output logic arrangement) so that scram or MSIV
closure capability can be confirmed without solenoid de-energization. The .
OLUs are located external to the TLU so that manual MSIV closure or manual

I(~ reactor trip (per division) can be performed either when a division's
!microprocessorlogic is bypassed or when failure ofsensors or microprocessor

logic equipment causes trip to be inhibited. i

t

(4) Trips are transmitted across divisions for 2-out-of-4 voting via fiber optic data
links to preserve signal isolation among dhisions. The TLU also receives
inputs directly from the trip outputs of the Neutron Monitoring System,
manual control switches, and contact closures from limit switches and position
switches used for equipment interlocks. In addition, plant sensor signals and
contact closures that do not require transmittal to other divisions for 2-out-of-
4 trip comparison are provided as inputs directly to the TLU. In this case, the
TLU also performs the trip setpoint comparison (DTM) function.

(5) For Leak Detection and Isolation System (LDS) functions (except MSIV),
emergency core cooling system (ECCS) functions, other safety-related
supporting functions, an d Electrical Power Distribution System functions such
as diesel generator start and load sequencing, logic processing is performed as
above, but in DTMs separate from the RPS/MSIV DTMs and in Safety System
Logic Units (SLUs). The SLUs are similar to TLUs, but are dual redundant in
each processing channel for protection against inadvertent initiation. Dual ,

SLUs both receive the same inputs from the DTM, manual control switch
inputs, and contact closures. Both SLU outputs must agree before the final

b trip actuators are energized. The logic format for the DTM and SLUs is fail-as-
is (i.e., energize-tcmperate) for ECCS and other safety-related supporting

Instrumentation and Control 3.4-3 !
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functions. Thus, loss of power or equipment failure does not cause a trip or
initiation action. However, containmentisolation signals are in fail-safe format
and cause an isolation signal output on loss of power or signal. Besides
performing 2-outef-4 voting logic, the SLUs also provide interlock logic
functions conforming to the logic diagram requirements of each supported
safety system.

As shown in Figure 3.4b, a pair of SLU are located in each of two engineered
safety feature (ESF) processing channels, ESF1 and ESF2. ESF1 processes
initiation logic for functions which senice the reactor vessel at low pressure
(e.g. RHR), while ESF2 provides the same support for the vessel at high
pressure (e.g. Reactor Core Isolation Cooling (RCIC) System and High
Pressure Core Flooder (HPCF) System). Associated LDS and ESF functions
are also allocated to these logic channels.

'
(6) For reactor uip or MSIV closure, if a 2-out-of-4 trip condition of sensors is

satisfied, all four divisions' trip outputs produce a simultaneous coincident
tdp signal (e.g., reactor trip) and transmit the signal through hardwired
connections (and isolators where necessary) to load drivers that control the
protective action of the actuators. The load drivers are themselves arranged in
a 2-outef-4 configuration, so that at least two divisions must produce trip
outputs for protective action to occur.

(7) For ESF functions, the trip signals in three divisions are transmitted by the
Essential Multiplexing System to the RMUs, where a final 2-out-of-2 logic
comparison is made prior to distribution of the control signals to the final
actuators. ESF outputs do not exist in Division IV.

The DTM, TLU, and OLUs for RPS and MSIVin each of the four instrumentation
divisions are powered from their respective divisional Class IE AC sources. The DTMs
and SLUs for ESF 1 and ESF 2 in Divisions I, II, and III are powered from their respective
dhisional Class IE DC sources. In SSLC, independence is provided between Class IE
dhisions, and also between Class IE dhisions, and also non-Class IE equipment.

Bypassing of any single dhision of sensors (i.e., those sensors whose trip status is
confirmed by 2-out-of-4 logic) is accomplished from each divisional SSLC cabinet by
means of the manually-operated bypass unit. When such bypass is made, all four

'

divisions of 2-out-of-4 input logic become 2--out-of-3 while the bypass state is
maintained. Dudng bypass,if any two of the remaining three divisions reach tdp level
for any sensed input parameter, then the output logic of all four dhisions' tdps (for RPS
and MSIV functions) or the three ECCS dhisions initiate the appropriate safety system t

equipment.

3.44 instrumentation and Control ;
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Bypassing of any single dhision of output trip logic (i.e., taking a logic channel out of
senice) is also accomplished by means of the bypass unit. This type of bypass is limited
to the fail-safe (de-energize-to-operate) reactor trip and hfSIV closure functions, since
removal of power from energize-tooperate signal processors is sufficient to remove that i

channel from senice.
t

I

When a trip logic octput bypass is made, the TLU trip output in a division is inhibited
from affecting the output load drivers by maintaining that division's load drivers in an
energized state. Thus, the 2-out-of-4 logic arrangement of output load drivers for the
RPS and hiSIV functions effectively becomes 2-out-of-3 while the bypass is maintained.

Bypass status is indicated in the main control room until the bypass condition is
removed. An electrical interl >ck rejects attempts to remove more than one SSLC
dhision from senice at a tirie.

,

ESF1 and ESF2 logic are each processed in two redundant channels within each ,

dhisional train of ESF equipment. In order to prevent spurious actuation of ESF
equipment, final output signals are voted 2-out-of-2 at the remote multiplexing units by
means of series-connected load drivers at the RhiU outputs. However,in the event of a
failure detected by self-test within either processing channel, a bypass (ESF output
channel bypass) is applied automatically (with manual backup) such that the failed,

channelis removed from senice. The remaining channel prosides 1-outef-1 operation
to maintain availability during the repair period. Channel failures are alarmed in the
main con trol room. If a failed channel is not automatically bypassed, the operator is able

to manually bypass the channel by a hardwired connection from the main control room.

A portion of the anticipated transient without scram (ATWS) mitigation features is
provided by SSLC circuitry, with initiating conditions as follows:

(1) Initiation of automatic Standbv Liouid Control Svstem (SLCS) injection: High
dome pressure and average power range monitor (APRhi) not downscale for
3 minutes or greater, or low reactor water level and APRM not downscale for
3 minutes or greater, f

(2) Initiation of feedwater nmback: High dome pressure and startup range
neutron monitoring (SRNhi) not downscale for 2 minutes or greater. Reset
permitted only when both signals drop below the setpoints.

These ATWS features are implemented in four dhisions of SSLC control circuitry that
are fimctionally independent and diverse from the circuitry used for the Reactor
Protection System (Figure 3.4c).

C
( SSLC has the following alanns, displays, and controls in the main control room:

(1) SSLC signal processor inoperative (INOP).

Instrumentation and Control 3.4-5
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(2) SSLC manual controls for bypass as described above.

(3) Displays for bypass status. ,

(4) Divisional flat display paneis that provide display and control capability for
manual ESF functions.

(5) Display and control of calibration and off-line self-test functions.

Inspections, Tests, Analyses and Acceptance Criteria

Table 3.4, Items 1 through 6, provides a definition of the inspections, tests and analyses,
together with associated acceptance criteria, which will be undertaken for SSLC.

B. 1 & C Development and Qualification Processes

Hardware and Software Development Process

The ABWR design uses programmable digital equipment to implement operating
functions ofinstrumentation and control (I&C) systems. The equipment is in the form

| of embedded controllers (i.e., a control program developed in software is permanently
stored in PROM, and thus becomes part of the controller's hardware).

,

A quality assurance program encompassing software is employed as a controlled process
'

for software development, hardware integration, and final product and system testing. .

The development process for safety-related hardware and software includes a
verification and validation (V&V) program. Non-safety-related hardware and software
will be developed using a planned design process similar to the safety-related
development program, but with periodic design reviews rather than formal V&V.

System functional performance testing for each system using the softw2re-based
controllers discussed herein is addressed in Section 2 system entries.

An overall software development plan establishes the requirements and methodology
for software design and development. The plan also defines methods for auditing and
testing software during the design, implementation, and integration phases. These
phases are part of the software life cycle, a planned development method to ensure the
quality of software throughout its period of usage. The relationship between
components of the plan and I&C design acthities is shown in Figure 3.4d.

As part of the design of software for oafety-related applications, the software
development plan, at each defined phase of the software life cycle, addresses software
requirements that have been defined as safety-critical. Safety-critical is defined as those
computer software components (processes, functions, values or computer program
states) in which errors (inadvertent or unauthorized occurrence, failure to occur when

required, occurrence out ofsequence, occurrence in combination with other functions,

144 Instrumentation and Control
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or erroneous values) can result in a potential hazard or loss of predictability or control
of a system. Potential hazards are failure of a safety-related function to occur on demand
and spurious occurrence of a safety-related function in an unsafe direction.

The overall software development plan comprises the following plans:

(1) A Software Management Plan (SMP) that establishes standards, conventions
and design processes for I&C software.

A SMP shall be instituted which establishes that software for embedded
control hardware shall be developed, designed, evaluated, and documented

"

per a design development process that addresses, for safety-related software,
software safety issues at each defined lifeqcle phase of the software
development.

The SMP defines the following software life-cycle phases:

(a) Planning

(b) Design definition

O (c) Software design
b

(d) Software coding !
!

(e) Integration |

(f) Validation

(g) Change control

The SMP shall state that the output of each defined life-cycle phase shall be
documents that define '' e current state of that design phase and the design
input for the next design phase and the software products are developed using
the SMP. j

i
|

(2) A Configuration Management Plan (CMP) that establishes the standards and
procedures controlling software design and documentation.

A CMP shall be instituted that establishes the methods for maintaining,
throughout the software design process, the design documentetion,
procedures, evaluat-d software, and the resultant as-installed software.

\

instrumentation and Control 3.4-7
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The CMP addresses:

(a) Identification of CMP software documentation.

(b) Management of software change control.

(c) Control and traceability of software changes.

(d) Verification of software to design requirements.

(e) Dedication of commercial software.

(3) A V&V plan that establishes verification reviews and validation testing
procedures.

| A V&V plan shall be developed which establishes that developed software shall
be subjected to structured and documented verification reviews and validation
testing, including testing of the software integrated into the target hardware.

The V&V plan addresses:

(a) Independent design verification.

(b) Baseline sofnare reviews.

(c) Testing.

(d) Procedure for software revisions.

Electromagnetic Compatibility
Electromagnetic compatibility (EMC) is the ability of equipment to function properly
when subjected to an electromagnetic environment. An EMC compliance plan to
confirm the level ofimmunity to electrical noise is part of the design, installation, and
pre-operational testing ofI&C equipment.

Electrical and electronic components in the systems listed below are qualified according
to the established plan for the anticipated levels of electrical interference at the
installed locations of the components:

(1) Safety System Logic and Control.

(2) Essential Multiplexing System.

(3) Non-Essential Multiplexing System.

(4) Other microprocessor-based, software controlled systems or equipment.

O
3.4-8 Instrumentation and Control
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The plan is structured on the basis that EMC ofI&C equipment is verified by factog )
testing and site testing of both individual components and interconnected systems to ;

meet electromagnetic compatibility requirements for protection against the effects of:

(1) Electromagnetic Interference (EMI) |

(2) Radio Frequency Interference (RFI) |

(3) Electrostatic Discharge (ESD) ;

(4) Electrical surge [ Surge Withstand Capability (SWC)] f

To be able to predict the degree of electromagnetic compatibility of a given equ , .nent ;

design, the following information is developed:

(1) Characteristics of the sources of electrical noise

(2) Means of transmission of electrical noise ;

(3) Characteristics of the susceptibility of the system

(4) Techniques to attenuate electrical noise

After these characteristics of the equipment are identified, noise susceptibility is tested
for four different paths of electrical noise enty:

(1) Power feed lines

(2) Input signallines ;

(3) Output signallines

(4) Radiated electromagnetic energy
<

Instrument Setpoint Methodology
Serpoints for initiation of safety-related functions are determined, documented,
installed and maintained using a process that establishes a general program for:

(1) Specifying requirements for documenting the bases for selection of trip
serpoints.

(2) Accounting for instrument inaccuracies, uncertainties, and drift.

(3) Testing ofinstrumentation setpoint dynamic response.p)
t.v (4) Replacement of setpoint-related instrumentation.

Instrumentation and Control 3.4-9
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The determination of nominal trip setpoints includes consideration of the following
factors:

Design Basis AnalyticalLimit

In the case of setpoints that are directly associated with an abnormal plant transient or
accident analyzed in the safety analysis, a design basis analytical limit is established as

part of the safety analysis. The design basis analytical limit is the value of the sensed
process variable prior to or at the point which a desired action is to be inidated. This
limit is set so that associated licensing safety limits are not exceeded, as confirmed by

plant design basis performance analysis.

Allowable Value

An allowable value is determined from the analytical limit by providing allowances for
the specified or expected calibration capability, the accuracy of the instrumentation,
and the measurement errors. The allowable value is the limiting value of the sensed
process variable at which the trip setpoint may be found during instntment surveillance.

Nominal Trip Setpoint

The nominal trip setpoint value is calculated from the analytical limit by taking into
account instntment drift in addition to the instrument accuracy, calibration capability,
and the measurement errors. The nominal trip setpoint value is the limiting value of the' <

sensed process variable at which a trip action will be set to operate at the time of
calibration.

SignalProcessingDevices in theInstrument Channel

within an instrument channel, there may exist other components or devices that are
used to further process the electrical signal provided by the sensor (e.g., analog-to-
digital converters, signal conditioners, temperature compensation circuits, and
multiplexing and demultiplexing components). The worst-case instrument accuracy,
calibration accuracy, and instrument drift contributions of each of these additional
signal conversion components are separately orjointly accounted for when determinin g .

the characteristics of the entire instrument loop. |
i

Not all parameters have an associated design basis analytical limit (e.g., main steamline j
radiation monitoring). An allowable value may be defined directly based on plant

'

licensing requirements, previous operating experience or other appropriate criteria.
The nominal trip setpoint is then calculated from this allowable value, allowing for
instrument drift. Where appropriate, a nominal trip setpoint may be determined
directly based on operating experience.

3.440 Instrumentation and Control
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Procedures will be used that provide a method for establishing instrument nominal trip
setpoint and allowable nlue. Because of the general characteristics of the
instrumentation and processes involved, two different methods are applied:

(1) Computational

(2) Historical data

The computational method is used when sufficient infonnation is available regarding a
dynamic process and the associated instrumentation. The procedure takes into account
channel instrument accuracy, calibration accuracy, process measurement accuracy,
primary element accuracy, and instrument drift. If the resulting nominal trip setpoint
and allowable value are not acceptable when checked to ensure that they will not result
in an unacceptable level of trips caused by normal operational transients, then more
rigorous statistical evaluation or the use of actual operational data may be considered.

.

Some setpoint values have been historically established as acceptable, both for

| regulatory and operational requirements. These setpoints have non-critical functions or
are intended to provide trip actions related to gross changes in the process nriable.The
continued recommendation of these historically accepted setpoint values is another
method for establishing nominal trip setpoint and allowable values. This approach is
only valid where the governing conditions remain essentially unaltered from those
imposed previously and where the historical values have been adequate for their
intended functions.

The setpoint methodology plan requires that activities related to instrument setpoints
be documented and stored in retrievable, auditable files.

Equipment Qualification (EQ)
Qualification of safety-related instrumentation and control equipment is implemented
by a program that assures this equipment is able to complete its safety-related function
under the emironmental conditions that exist up to and including the time the
equipment has finished performing that function. Qualification specifications consider
conditions that exist during nonnal, abnormal, and design basis accident events in
terms of their cumulative effect on equipment performance for the time period up to
the end of equipmentlife.

The material discussed herein identifies an EQ program that addresses the spectrum of
design basis emironmental conditions that may occur in plant areas where I&C
equipment is installed. Not all safety-related I&C equipment will experience all of these
conditions; the intent is that qualification be perfonned by selecting the conditions

O applicable to each particular piece of equipment and performing the necessary
qualification.

Instrumentation and Control 3.4 11
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As-built I&C components are emironmentally qualified if they can withstand the
emironmental conditions associated with design basis events without loss of their safety
functions for the time needed to be functional. Safety-related I&C components are

designed to continue normal operation after loss of HVAC. The emironmental
conditions are as follows, as applicable o the bounding design basis events: Expected
time-dependent temperature and pressure profiles, humidity, chemical effects,
radiation, aging, seismic events, submergence, and synergistic effects which have a

significant effect on equipment performance.

I&C equipment emironmental qualification is demonstrated through analysis of the
emironmental conditions that would exist in the location of the equipment during and

following a design basis accident and through a determination that the equipment is
qualified to withstand those conditions for the time needed is functional. This
determination may be demonstrated by-

| (1) Type testing of an identical item of equipment under identical or similar
conditions with a supporting analysis to show that the equipment to be

qualified.

| (2) Type testing of a similar item of equipment with a supporting analysis to show
that the equipment is qualified.

(3) Experience with identical or similar equipment under similar conditions with
a supporting analysis to show that the equipment is qualified.

(4) Analysis in combination with partial type test data that supports the analytical
assumptions and conclusions to show that the equipment is qualified.

The installed condition of safety-related I&C equipment is assured by a program whose

objective is to verify that the installed configuration is bounded by the test configuration
and test conditions.

Inspections, Tests, Analyses and Acceptance Criteria

Table 3.4, Items 7 through 15, prcnides a definition of the inspections, tests and
analyses, together with associated acceptance criteria, which will be used to demonstrate
compliance with the above commitments for hardware and software development,
electromagnetic compatibility, instrument setpoint methodology, and equipment
qualification.

C. Diversity and Defense-in-Depth Considerations

Subsection B discusses processes for developing hardware and software qualification

programs that will assure a low probability of occurrence of both random and common-
mode system failures for the installed ABWR I&C equipment. However, to address the

3.4-12 Instrumentation and Control
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mode system failures for the installed ABWR I&C equipment. However, to address the
concern that software design faults or other initiating events common to redundant,
multidivisional logic channels could disable significant portions of the plant's
automatic standby safety functions (the reactor protection system and engineered safety
features systems) at the moment when these functions are needed to mitigate an
accident, several diverse backup features are provided for the primary automatic logic:

,

Manual scram and isolation by the operator in the main control room in response*

to diverse parameter indications.

Core makeup water capability from the feedwater system, Control Rod Drive (CRD)*

System, and condensate system, which are diverse from SSLC and the EMS.

Availability of manual high pressure injection capability.*

Long term shutdown capability provided in a conventionally hardwired,2-division,*

analog Remote Shutdown System (RSS); local displays of process variables in RSS
are continuously powered and so are available for monitoring at any time.

p Thus, to maintain protection system defense-in-depth in the presence of a postulated
worst-case event (i.e., undetected,4-division common mode failure of protection system

communications or logic processing functions in conjunction with a large break
LOCA), diversity is provided in the form of hardwired backup of reactor trip, diverse
display ofimportant process parameters, defense-in-depth arrangement of equipment,
and other equipment diversity as outlined in the following table:

Diverse Backup Support for SSLC Equipment

Diverse Features of Functional Diversity Defense-in-Depth
Protection System in Protection System Configuration Equipment Diversity

(1) 2-button scram H

(2) Manual division H
trip

(3) Reactor mode H
switch placed in
shutdowm mode.

(4) Manual MSIV H
closure

(5) ATWS mitigation D

Instrumentation and Control 3.4-13
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Diverse Backup Support for SSLC Equipment (Continued)

Diverse Features of Functional Diversity Defense-in-Depth
Protection System in Protection System Configuration Equipment Divenity

(6) Fail-safe RPS D
and fail-as-is ESF
in separate
processing
channels

(7) Non-Essential D

Multiplexing
System (NEMS)
independent
and diverse
from EMS

(8) OLUs diverse H
from software-
based logic

(9) Independent H
Displays

(a) Reactor
waterlevel

(b) Reactor
water level '

low alarm

(c) Dgwell
pressure

(d) Drywell
pressure
high alarm

(e) Reactor
Water
Cleanup
System

(CUW)
isolation
valve status

(f) RCIC stream
line isolation
valve status 1

3.4-14 Instrumentation and Control
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Diverse Backup Support for SSLC Equipment (Continued) !

Diverse Features of Functional Diversity Defense-in-Depth
Protection System in Protection System Configuration Equipment Diversity

(g) HPCF flow

(10) Containment H
Isolation

(a) CUW line !

inboard
isolation
valve

(b) RCIC steam
line inboard
isolation
valve manual i

initiation

(11)HPCE manual H
| ( start in loop C

v (Disision III)

(12)RSS with H
continuous
display of

| monitored
process
parameters

H = Function hardwired (not multiplexed) from sensor or control switch to aculator;
control logic, if needed,is diverse from that of the primary protection system.

D = Function uses logic diverse from primary protection system but is not necessarily
hardwired.

Diverse equipment can be in the form of digital devices, digital software-based desices,
Ior non-digital as long as these devices are not subject to the same common mode failure

as the primary protection system components.

O
- - _ - , -,
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Inspections, Tests, Analyses and Acceptance Criteria

Table 3.4, Item 16, provides a definition of the inspection, tests and analyses, together
with associated acceptance critena, which will be used to demonstrate compliance with
the above commitments for diverse backup support SSLC.

O
|

9
3.4-16 Instrumentation and Control
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[ Table 3.4 Instrumentation and Control b
'

a 03
j inspections, Tests, Analyses and Acceptance Criteria

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

Safety System Logic and Control*

Q 1. The equipment comprising SSLC is 1. Inspections of the as-built SSLC will be 1. The as-built SSLC conforms with the
j defined in Section 3.4(A).The equipment conducted. description in Section 3.4(A). Diverso

comprising diverse backup support backup support equipment for SSLC'

functions for SSLC is defined in Section conforms with the description in Section
3.4 (C). 3.4 (C).

2. Safety-related monitoring and trip logic 2. Tests will be performed on as-installed 2. A test report exists which concludes that
for the plant protection systems resides in SSLC using simulated input signals. the SSLC design basis performance
SSLC equipment. SSLC integrates the System outputs will be monitored to requirements are met.
automatic decision-making and trip logic determine operability of safety-related
functions and manual operator initiation functions.
functions associated with the safety bl

actions of the safety-related systems. fSSLC generates the protective function y

signals that activate reactor trip and d'

provide safety-related mitigation of b
reactor accidents.

3. The DTM, TLU, and OLUs for RPS and 3. 3.
MSIV in each of the four instrumentation a. Tests will be performed on SSLC by a. The test signal exists only in the Class

tost gnal to i l&C 1E division under test in SSLC.
p t e v si n Class 1 sources. u enti

The DTMs and SLUs for ESF 1 and ESF 2
, division at a time.

in Divisions I,11, and lli are powered from
their respective divisional Class 1E DC b. Inspection of the as-installed Class 1E b. In SSLC, physical separation or
sources, as are the ESF DTMs in Division divisions in SSLC will be performed. electrical isolation exists between p
IV. In SSLC, independence is provided Class 1E divisions. Physical 23.

between Class 1E divisions and between separation or electrical isolation exists @

Class 1E divisions and non-Class 1E between these Class 1E divisions and S
equipment, non-Class 1E equipment. .

it:

E E
o g.
- ~
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g Table 3.4 Instrumentation and Control (Continued) b
b inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

Safety System Logic and Control

4. SSLC provides the following bypass 4. Tests will be performed on the as-built 4. Results of bypass tests are as follows:
functions: SSLC as follows:

| a. Division-of-sensors bypass a(1) Place one division of sernors in a(1) No trip change occurs at the voted
bypass. Apply a trip test signal in trip output of each TLU and SLU.b. Trip logic output bypass
place of each sensed parameter that Bypass status is indicated m ma,in

c. ESF output channel bypass is bypassed. At the same time, control room.
apply a redundant trip signal for
each parameter in each other
division, one division at a time.
Monitor the voted trip output at
each TLU and SLU. Repeat for each %

division. $
a(2) Each division not bypassed cannot k

j a(2) For each division in bypass, be placed in bypass, as indicated at s
attempt to place each other division OLU output; bypass status in main E

"in division-of-sensors bypass, one control room indicates only one
at a time. division of sensors is bypassed.

$ &
$ $
a a.
ii ?
8 5
B =

S E
8 a
g i!-
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O O O
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Table 3.4 Instrumentation and Control (Continued) b

2 CD
g inspections, Tests, Analyses and Acceptance Criteria
a

[ Design Commitment inspections, Tests, Analyses Acceptance Criteria

$ Safety System Logic and Control
&

{ 4. (continued) 4. (continued) 4. (continued)

5
j' b(1) Place one division in trip-logic-output b(1) No trip change occurs at the trip

bypass. Operate manual auto-trip output of the RPS OLU or MSIV OLU,
test switch. Monitor the trip output at respectively. Bypass status is
the RPS OLU. Operate manual auto- indicated in main control room.
Isolation test switch. Monitor the trip
output at the MSIV OLU. Repeat for
each division.

| b(2) For each division in bypass, attempt to b(2) Each division not bypassed cannot be %

place the other divisions in trip-logic- placed in bypass, as indicated at OLU E

output bypass, one at a time. output; bypass status in main control f
room indicates cnly one trip logic g
output is bypassed. [

] c(1) Apply common test signal to any one c(1) Monitored test output signal does not
pair of dual-SLU signalinputs. change state when power is removed
Monitor test signal at voted 2-out-of-2 from either SLU. Bypass status and
output in RMU area. Remove power loss of power to SLU are indicated in
from one SLU, restore power, then main control room.
remove power from other SLU.
Repeat test for all pairs of dual SLUs
in each division.

| c(2) Monitored test output signalis lost @

{ c(2) Disable auto-bypass circuit in bypass when power is removed from either $;

unit. Repeat test c(1), but operate SLU, but is restored when manual E.

manual ESF loop bypass switch for bypass switch is operated. Bypass F/
each affected loop. status, auto-bypass inoperable, and E-

loss of power to SLU are indicated in {
main control room. Rw =w

. _ . _ _ __. .. . _ _ . - . . . .. . . . . . -



g Table 3.4 Instrurnentation and Control (Continued) b
4 tg" Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria -

Safety System Logic and Control

5. A portion of the anticipated transient 5. Tests will be conducted using simulated 5. Four redundant output signals occur for
without scram (ATWS) mitigation features input signals for the process variables each of the following ATWS mitigating
is provided by SSLC circuitry, with used by the ATWS logic. functions (one set in each of the four
initiating conditions as follows: For feedwater runback logic, reset givisions of ATWS outputs) that lead to

mitiation of these functions:a. Initiation of automatic SLCS injection attempts will be made before initiating
on high dome pressure and APRM not test signals drop below setpoints. a. Initiation of automatic SLCS injection
downscale for 3 minutes or greater, or on high dome pressure and APRM not
low reactor water level and APRM not downscale for 3 minutes or greater, or
downscale for 3 minutes or greater. Iow reactor water level and APRM not

b. Initiation of feedwater runback on downscale for 3 minutes or greater.

high dome pressure and SRNM not b. Initiation of feedwater runback on y
downscale for 2 minutes or greater. high dome pressure and SRNM not g
Reset is permitted only when both downscale for 2 minutes or greater. ~

signals drop below the setpoints. Reset is permitted only when both y
signals drop below the setpoints. %

6. Main control room alarms, displays and 6. Inspections will be performed on the main 6. Alarms, displays and controls exist or can
controls provided for SSLC are as defined control room alarms, displays and be retrieved in the main control room as
in Section 3.4. controls for SSLC defined in Section 3.4.

k 9
e a! Da o.

8.
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y Table 3.4 Instrumentation and Control (Continued) b
E 03
g Inspections, Tests, Analyses and Acceptance Criteria
a

g Design Commitment inspections, Tests, Analyses Acceptance Criteria

| Hardware / Software Development
&
p 7. A quality assurance program 7. The program for quality assurance that 7. A quality assurance program is in place
3 encompassing software is employed as a encompasses software shall be reviewed. that defines controlled processes for
R controlled process for software software development, hardware

development hardware integration, and integration, and final product and system
final product and system testing. testing. As a minimum, the program

requires a Software Management Plan,
Configuration Management Plan and
Verification and Validation Plan as
described in the following items.

8. A Software Management Plan (SMP) shall 8. The Software Management Plan shall be 8. The Software Management Plan shall
be instituted which establishes that reviewed. define: 3
software for embedded control hardware a. The organization and responsibilities fshall be developed, designed, evaluated, for development of the software ~
and documented per a design design; the procedures to be used in Y
development process that addresses, for the software development;the b
safety-related software, software safety interrelationships between software
issues at each defm, ed life-cycle phase of design activities; and the methods for
the software development. conducting software safety analyses.

The SMP sha!I state that the output of b. That the software safety analyses to
each defined life-cycle phase shall be be conducted for safety-related
documents that define the current state of software applications shall:
that design phase and the design input for (1) Identify software requirements

y the next design phase. having safety-related implications. p
(2) Document the identified safety- g

critical software requirements in R
the software requirements y

g specification for the design. J.
=

9 e
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_. _ . . , .. .-- -,, - . . . . . - - . - . - . _ - _ - - - - - - . . - - - - _



1

'; Table 3.4 Instrumentation and Control (Continued) b
4 m* Inspections, Tests, Analyses and Acceptance Criteria

i

'

Design Commitme, inspections, Tests, Analyses Acceptance Criteria

Hardware / Software Development

8. (continued) 8. (continued) 8b. (continued)

(3) Incorporate into the software
design the safety-critical software
functions specified in the software

| requirements specification.

(4) Identify in the coding and test of
the developed software, those
software modules which are

| safety-critical.

(5) Evaluate the performance of the %
developed safety-critical software E
modules when operated within [
the constraints (including the s'
effects of potential unintended E

*functions) imposed by the
established system requirements,
software design, and computer

| hardware requirements.

(6) Evaluate software interfaces of
| safety-critical software modules.>

(7) Perform equipment integration
and validation testing that_

$ demonstrate that safety-related &
| functions identified in the design g
3 input requirements are Q
$ operational. $
8 g.
a =
* itn =
0 E
: 3
E. E
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g Table 3.4 Instrumentation and Control (Continued) b
a 03
g Inspections, Tests, Analyses and Acceptance Criteria
a

( Design Commitment inspections, Tests, Analyses Acceptance Criteria
O

| Hardware / Software Development

8. (continued) 8. (continued) 8. (continued)
i} c. The software engineering process,
9. which is composed of the following

life-cycle phases:

(1) Planning

(2) Design Definition

(3) Software Design

(4) Software Coding

(5) Integration ,

(6) Validation
(7) Change control g

d. The Planning phase design activities, I
"which shall address the following

system design requirements and
software development plans:

| (1) Software Management Plan.

(2) Software Configuration
Management Plan.

(3) Verification and Validation Plan.

(4) Equipment design requirements. p
(5) Safety analysis of design $;

j requirements. E.
e

(6) Disposition of design and/or R
documentation nonconformances T

|w Identified during this phase, g
-.

4 e.'

_ . - - - _ . - - -
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y Table 3.4 Instrumentation and Control (Continued) b
4 123* Inspections, Tests, Analyses and Acceptance Criteria p

Design Commitment inspections, Tests, Analyses Acceptance Criteria %

Hardware / Software Development

8. (continued) 8. (continued) 8. (continued)
e. The Design Definition phase design

activities, which shall address the
development of the following
implementing equipment design and
configuration requirements:

| (1) Equipment schematic.

(2) Equipment hardware and
software performance
specification.

9
(3) Equipment user's manual. $
(4) Data cornmunications protocol, k

including timing analysis and test R'

methods. [

(5) Safety analysis of the developed
| design definition.

(6) Disposition of design and/or
documentation nonconformances'

| identified during this phase.

|
|

k n
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g Table 3.4 Instrumentation and Control (Continued) b
e CD
g Inspections, Tests, Analyses and Acceptance Criteria
a

E Design Commitment inspections, Tests, Analyses Acceptance Criteria
* Hardware / Software Development

8. (continued) 8. (continued) 8. (continued)
$ f. The Software Design phase, which
9- shall address the design of the

software architecture and program
structure elements, and the definition
of software module functions:

| (1) Software Design Specification.

(2) Safety analysis of the software

| design.

(3) Disposition of design and/or y

documentation nonconformances $
| identified during this phase. t

g. The Software Coding phase, which if
shall address the following software [
coding and testing activities of
individual software modules:

(1) Software source code.
(2) Software module test reports.

(3) Safety analysis of the software

| coding.

(4) Disposition of nonconformances
identified in this phase's design &

| documentation and test results.
=
4

'E
5: a

b
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g Table 3.4 Instrumentation and Control (Continued) b
e 03

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria
_

Hardware / Software Development

8. (continued) 8. (continued) 8. (continued)
h. The Integration phase, which shall

address the following equipment
testing activities that evaluate the
performance of the software when
installed in hardware prototypical of
that defined in the Design Definition
phase:

| (1) Integration test reports.

(2) Safety analysis of the integration
| test results. g

(3) Disposition of nonconformances E
identified in this phase's design s

| documentation and test results. 2
%

i. The Validation phase, which
comprises the development and
implementation of the following
documented test plans and
procedures:

(1) Validation test plans and
procedures.

g (2) Validation test reports.

2 (3) Description of as-tested software. B.
3 m
E (4) Safety analysis of the validation E.

|$. test results. {
| | (5) Disposition of nonconformances T
; $ identified in this phase's design $

-y documentation and test results is
q 3

l 9 E
I

O O O
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y Table 3.4 Instrumentation and Control (Continued) b

f Inspections, Tests, Analyses and Acceptance Criteria hI

;. Design Commitment inspections. Tests, Analyses Acceptance Criteria k
o
| Hardware / Software Development
&
p 8. (continued) 8. (continued) Bi. (continued)
R. (6) Software change control

| 2. procedures.

j. The Change Control phase, which
begins with the completion of
validation testing, and addresses
changes to previously validated
software and the implementation of
the established software change
control procedures.

9. A Configuration Management Plan (CMP) 9. The Configuration Management Plan shall 9. The Configuration Management Plan shall y
shall be instituted that establishes the be reviewed, define: g
methods for maintaining, throughout the

a. The specific product or system scope ssoftware design process, the design to which it is applicable. I
documentation, procedures, evaluated %

software, and the resultant as-installed b. The organizational responsibilities for
software. software configuration management.

c. Methods to be applied to:

| (1) Identify design interfaces.

(2) Produce software design
| documentation.

(3) Process changes to design
interface documentation and &

| software design documentation. k,

E.

P
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; Table 3.4 Instrumentation and Control (Continued) b
" %

Inspections, Tests, Analyses anu Acceptance Criteria"

Design Commitment inspections, Tests, Analyses Acceptance Criteria

Hardware / Software Development

9. (continued) 9. (continued) 9c. (continued)
(4) Process ccrrective actions to

resolve deviations identified in
software design and design
documentation, including
notification to end user of errors
discovered in software
development tools or other

| software.

(5) Maintain status of design interface
documentation and developed %

|
software design documentation. $ 1

b '

(6) Designate and control software y

revision status. Such methods @
shall require that software code b
listings present direct indication of
the software code revision status.

d. Methods for, and the sequencing of,
' reviews to evaluate the compliance of

software design activities with the
requirements of the CMP.

e. The configuration management of

{
tools (such as compilers) and n

y software development procedures. [
f. Methods for the dedication of k!

[ commercial software for safety- p
3 related usage. j.

=
?

5 E
i !ea

O O O
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g Table 3.4 Instrumentation and Control (Continued) ),
E CO
g Inspections, Tests, Analyses and Acceptance Criteria
a

Design Commitment inspections, Tests, Analyse 3 Acceptance Criteria
* Hardware / Software Development

9. (continued) 9. (continued) 9. (continued)
a g. Methods for tracking error rates
E during software development, such as-

the use of software metrics.

h. The methods for design record
collection and retention.

10. A Verification and Validation Plan (V&VP) 10. The Verification and Validation Plan shall 10. The Verification and Validation Plan shall
shall be developed which establishes that be reviewed. define:
deveicped software shall be subjected to a. That baseline reviews of the software
structured and documented verification development process are to be greviews and validation testing, including conducted during each phase of the gtesting of the software integrated into the software development life cycle. gtarget hardware.

b. The scope and methods to be used in y
the baseline reviews to evaluate the L
implemented design, design
documentation, and compliance with
the requirements of the Software
Management Pisn and Configuration
Management Plan.

c. The requirements for use of
commercial software and commercial
development tools for safety-related
applications and that such use is a p
controlled and documented g.
procedure. g,

?
&=

t v
8 %
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t Table 3.4 Instrumentation and Control (Continued) b
6 t2* Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

HardwarcMoftware Development

10. (continued) 10. (continued) 10. (continued)

d. That verification shall be performed
as a controlled and documented
evaluation of the conformity of the
developed design to the documented
design requirements at each phase of
baseline review.

e. That validation shall be performed
through controlled and documented
testing of the developed software as g
installed in the target hardware that h

demonstrates compliance of the I

software with the software y
requirements specifications and 5

"
compliance of the device (s) under test
with the system design specifications.

f. That for safety-related software,
verification reviews and validation
testing are to be conducted by
personnel who are knowledgeable in
the technologies and methods used in
the design, but who did not develop

{ the software design to be reviewed p
2 and tested. E,
?, W
> =

8 ,1;.
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y Table 3.4 Instrumentation and Control (Continued) b
! W
g inspections, Tests, Analyses and Acceptance Criteria g

Design Commitment inspections, Tests, Analyses Acceptance Criteria %

| Hardware / Software Development
d
p 10. (enntinued) 10. (continued) 10. (continued) '

4
9- g. That for safety-related software,

design verification reviews shall be
conducted as part of the baseline
reviews of the design material
developed during the Planning
through integration phases of the
software development life-cycle (as
defined in Criterion 8b, above), and
that validation testing shall be
conducted as part of the baseline h
review of the Validation phase of the {
software development life-cycle. g

h. That validation testing shall be E
"

conducted per a documented test plan
and procedure.

i. That for non-safety-related software
development, verification and
validation shall be per.'ormed through
design reviews conducted as part of
the baseline reviews completed at the
end of the phases in the software
development life cycle. These design n
reviews shall be performed by [
personnel knowledgeable in the R
technologies and methods used in the @
design development. 3

I
5s =x n.c,
!?*
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t Table 3.4 Instrumentation and Control (Continued) b
e m* Inspections,, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

Hardware / Software Development

10. (continued) 10. (continued) 10. (continued)

j. The products which shall result from
the baseline reviews conducted at
each phase of the software
development life-cycle; and that the
defined products of the baseline
reviews and the V&V Plan shall be
documented and maintained under
configuration management.

k. The methods for identificatiors, %

closure, and documentation of design E
and/or design documentation f
nonconformances. p

1. That the software development is not b
complete until the specified V&V
activities are complete and design
documentation is consistent with the
developed software.

11. Software development shall be 11. Review software development results. 11. Software development has been
performed in accordance with the completed as defined in the SMP, CMP,

| software management plan, configuration and V&V plan.

{y management plan, and V&V plan. Noncompliance with the SMP, CMP, and n
|E V&V plan may occur during i! implementation of these plans, provided @

0 that corrective action is taken for any such 5
( noncompliances. j,
3 =
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y Table 3.4 Instrumentation and Control (Continued) b
# tig
g inspections, Tests, Analyses and Acceptance Criteria
a

Design Commitment inspections, Tests, Analyses Acceptance Criteria
* Electromagnetic Compatibility

12. Electrical and electronic components in 12. The EMC compliance plan will be 12. An EMC compliance plan is in place. The

3 the systems listed below are qualified for reviewed. plan requires, for each system qualified,
2. the anticipated levels of electrical system documentation that includes

interference at the installed locations of confirmation t,f component and system
the components according to an testing for the effects of high electrical
established plan: field conditions and current surges. As a

minimum, the following information isa. Safety System Logic and Control
documented m a qualification file and

b. Essential Multiplexing System subject to audit:
c. Non-Essential Multiplexing System a. Expected performance under test
d. Other microprocessor-based, conditions for which normal system u

software controlled systems or operation is to be ensured. $
$equipment b. Normal electrical field conditions at y

The plan is structured on the basis that the locations where the equipment [
electromagnetic compatibility (EMC) of must perform as above. u

I&C equipment is verified by factory c. Testing methods used to qualify the
testing and site testing of both individual equipment, including:
compotients and interconnected systems
to meet EMC requirements for protection (1) Types of test equipment.

against the effects of: (2) Range of normal test conditions.

a. Electromagnetic Interference (EMI) (3) Rangeof abnormaltestconditions
f r expected transientb. Radio Frequency Interference (RFI)
environment.

c. Electrostatic Discharge (ESD) &
B.

d. Electrical surge [ Surge Withstand R
Capability (SWC)) g

2
T
$

t e
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y Table 3.4 Instrumentation and Control (Continued) b
e, g* Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

Electromagnetic Compatibility

12. (continued) 12. (continued) 12.(continued)
(4) location of testing and exact

configuration of tested
components and systems,
including interconnecting cables,
connections to electrical power
distribution system, and
connections to interfacing
devices used during normal plant
operation.

d. Test results that show the component %

or system is qualified for its E
application and remains qualified I
after being subjected to the range of ,5
normal and abnormal test conditions 5

"specified above.

The plan establishes separate test
regimes for each element of EMC, using
the following approaches:

a. EMI and RFI Protection. An EMC
compliance plan for each component
or system identified in the design
commitment includes tests to ensure-

k that equipment performs its functions @
j in the presence of the specified $;

} EMI/RFI electrical noise environment, E.
E including the low range of the EMI E'
3 spectrum, without equipment E-
k damage, spurious actuation, or *

p inhibition of functions. k
, ~

O O O
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y Table 3.4 Instrumentation and Control (Continued) b
" CD

inspections, Tests, Analyses and Acceptance Criteria g
{ Design Commitment inspections, Tests, Analyses Acceptance Criteria %

$ Electromagnetic Compatibility
i
n 12. (continued) 12. (continued) 12a. wontinued)
h As part of the pre-operational test
E program, the EMC compliance plan

calls for each system to be subjected
to EMI/RFI testing. Tests cover
potential EMI and RFI susceptibility
over four different paths:

(1) Power feed lines

(2) Input signallines

(3) Output signallines
%,u

(4) Radiation

The test program includes sensitivity s
of components identified in the ;

design commitment to radiation from 4

plant communication transmitters and
receivers.

b. ESD Protection. An EMC compliance
plan for each component or system
identified in the design commitment
includes tests to ensure that
equipment performs its functions in
the presence of the specified ESD
environment without equipment {
damage, spurious actuation, or 5
inhibition of functions. E.

P

$
5
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t Table 3.4 Instrumentation and Control (Continued) b
A tt" Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

Electromagnetic Compatibility

12. (continued) 12. (continued) 12b. (continued)
The plan is structured on the basis
that ESD protection is confirmed by
factory tests that determine the
susceptibility of instrumentation and
control equipment to electrostatic
discharges.

The EMC compliance plan includes
standards, conventions, design
considerations, and tut procedures to
ensure ESD protections of the plant g
instrumentation and control g
equipment. g

| The plan requires test documentation {
confirming that, foceach component 6
tested, the following conditions have
been met:

(1) No change in output signal status
;

| was observed during the test.

(2) The equipment performed its
normal functions after the test.

@
e a
k h
a =

e
8. 3
3 =
* R:
n =,
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y Table 3.4 Instrumentation and Control (Continued) b
E III
g Inspections, Tests, Analyses and Acceptance Criteria
a

g Design Commitment inspections, Tests, Analyses Acceptance Criteria
* Electromagnetic Compatibility

12.(continued) 12. (continued) c. SWC Protection. An EMC compliance
a plan for each component or system
?- identified in the design commitment

includes tests to ensure that-

equipment performs its functions for
the specified SWC environment
without equipment dam sge, spurious
actuation, or inhibition of functions.

The EMC compliance plan includes
standards, conventions, design
considerations, and test procedures to %

ensure SWC protection of the plant 5

finstrumentation and control
equipment. p
The plan is structured on the basis b
that SWC protection is confirmed by
factory tests that determine the surge
withstand capability of the plant
instrumentation and control
equipment.

The plan documents the level of
compliance of each system with the
grounding and shielding practices of
the standards specified under this R
certified design commitment. E

li?
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m
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; Table 3.4 Instrumentation and Control (Continued) b
L C3" Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria

Setpoint Methodology

13. Setpoints for initiation of safety-related 13. Inspections will be performed of the 13. The setpoint methodology plan is in
functions are determined, documented, setpoint methodology plan used to place.The plan generates requirements
installed and maintained using a process determine, document, install, and for:
that establishes a plan for: maintain instrument setpoints,

a. Documentation of data, assumptions,
a. Specifying requirements for and methods used in the bases for

documenting the bases for selection selection of trip setpoints.

| of trip setpoints. b. Consideration of instrument channel
b. Accounting for instrument inaccuracies (including those due to

| inaccuracles, uncertainties, and drift. analog-to-digital converters, signal
conditioners, ternperature

c. Testing of instrumentation setpoint
compensation circuits, and >

[ dynamic response.
multiplexing and demultiplexing [

d. Replacement of setpoint-related components), instrument calibration s
instrumentation. uncertainties, :nstrument drift, and 2

*uncertainties due to environmentalThe setpoint methodology plan requires
that activities related to instrument conditions (temperature, humidity,
setpoints be documented and stored in pressure, radiation EMI, power
retrievable, auditable files. supply variation), measurement

errors, and the effect of design basis
event transients are included in
determining the margin between the
trip setpoint and the safety limit.

Er c. The methods used for combining n
$ uncertainties. [
9 m
g d. Use of written procedures for R
[ preoperational testing and tests $
3 performed to satisfy the Technical E.
3 Specifications. "
a it:
& E.

k $'
| 9L ~~

l
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[ Table 3.4 instrumentation and Control (Continued) b
a t|3
g Inspections, Tests, Analyses and Acceptance Criteria
a

g Design Commitment inspections, Tests, Analyses Acceptance Criteria

$ Setpoint Afethodology
d
p 13. (continued) 13. (continued) 13. (continued)
Q e. Documented evaluation of
R replacement instrumentation which

is not identical to the original
equipment.

14. Qualification of safety-related l&C 14. A review will be conducted of the 14. An l&C equipment qualification program
equipment is implemented by a program equipment qualification program, is in place. Documentation for the l&C EQ
that assures this equipment is able to program is recorded in a product
complete its safety-related function qualification file that includes a list of
under the environmental conditions that safety-related l&C equipment
exist up to and including the time the accompanied by the following I&C u
equipment has finished performing that equipment information: $
function. Qualification specifications

a. Performance specifications underconsider conditions that exist during
normal, abnormal, and design basis conditions existing during and after @

|

accident events in terms of their design basis accidents. These include I
'

,

cumulat,ve effect on equipment voltage, frequency, load, and other
i

electrical characteristics that assureperformance for the time period up to the
end of equipment life, specified equipment performance.

b. Environmental conditions at the
location where the equipment is
installed. These conditions include:

(1) Number and /or duration of
equipment functional and test n
cycles / events. [

(2) Process fluid conditions (where (
applicable to the l&C equipment) e

|||
| Tt

4
e
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y Table 3.4 Instrumentation and Control (Continued) b
t|tlA

Inspections, Tests, Analyses and Acceptance Criteria'

Design Commitment inspections, Tests, Analyses Acceptance Criteria

| Equipment Qualification
,

14. (continued) 14. (continued) 14. (continued)
(3) Voltage, frequency, load, and

other electrical characteristics of
the equipment.

(4) Dynamic loads associated with
seismic events.

(5) Dynamic loads associated with
hydrodynamic conditions.

(6) System transients and other
vibration inducing events. %

tn

(7) Pressure, temperature, humidity.
*

(8) Chemical and radiation ;
environments. R

u
(9) Electromagnetic compatibility

(10) Aging.

(11) Submergence (if any).

(12) Consideration of synergistic
effects that have significant
effect on equipment
performance.

5 (13) Consideration of margin er &
unquantified uncertainty h

!. es

c. One (or a combination) of the gy
following testing methods used to a

& qualify the equipment: Tj
11:* *

o E
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y Table 3.4 instrumentation and Control (Continued) b
! tis
g inspections, Tests, Analyses and Acceptance Criteria
a

[ Design Commitment inspections, Tests, Analyses Acceptance Criteria
O

| Equipment Qualification

14. (continued) 14. (continued) 14.(continued)
|3 (1) Type testing of an identicalitem of

9. equipment under identical or
similar conditions with a
supporting analysis to show that
the equipment to be qualified is
acceptable.

| (2) Type testing of a similar item of
equipment with a supporting
analysis to show that the
equipment to be qualified is y
acceptable.

(3) Experience with identical or ~

similar equipment under similar {
conditions with a supporting w
analysis to show that the
equipment to be qualified is
acceptable.

(4) Analysis in combination with
partial type test data that supports
the analytical assumptions and
conclusions.

d. Documented results of the n
qualification that show the equipment g
performs its safety function when $
subjected to the conditions predicted g
to be present when it must perform its a
safety function up to the end of its {
qualified life. t

U =
u n.
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t Table 3.4 Instrumentation and Control (Continued) b,

i L Os*
| Inspections, Tests, Analyses and Acceptance Criteria
|

| Design Commitment inspections, Tests, Analyses Acceptance Criteria
' Equipment Qualificatior

15. A program exists whose objemve is to 15. A review will be conducted of the 15. A program for as-built verification of
verify that the installed configuration of program established for as-built safety-related I&C equipment is in place
safety-related I&C equipment is bounded verification of safety-related I&C and contains requirements for a
by the test configuration and test equipment. documented evaluation that the installed
conditions or that an analysis exists which configuration is bounded by the test
concludes that any differences will not configuration and conditions or that an
affect the safety function of the l&C analysis exists which concludes that any
equipment, differences will not affect the safety

function of the I&C equipment.

16. Diversity is provided, as described in 16. 16.

g a. Tests will be performed using a. Item 5, Section 3.4C. Refer to item 4 of ASection 3.4C, in the form of hardwired
backup of reactor tr,ip, diverse display of simulated input signals for items 5,9, Table 3.4 for results of ATWS tests. $important process parameters, defense- and 11 in Section 3.4C. For items 9 Item 9, Section 3.4C: Each s
in-depth arrangement of equipment, and and 11 only, turn off power to SSLC independent display indicates its E
equipment diversity. "equipment in four divisions. specified parameter or responds to its

_
specified alarm setpoint as tabulated
in Section 3.4C.

| Item 11, Section 3.4C: HPCF system
initiation signals that duplicate those
produced by SSLC are produced at
the outputs of the hardwired, diverse,

signal path.

{. b. Inspection of the as-installed b. The features listed as items 1,2,3,4, p
2 configuration of items 1,2, 3, 4, 6, 7, 8, 6,7,8,10, and 12 in Section 3.4C, are 3,
! 10, and 12 in Section 3.4C, will be implemented as hardwired, diverse, @
| performed. and independent of SSLC, as specified $

j,g in the table.
E =

5 $
8 a
g i!-
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3.5 initial Test Program

Design Description

The ABWR Initial Test Program (ITP)is a program that will be conducted following
completion of construction and construction-related inspections and tests and extends
to commercial operation. The test program will be composed of preoperational and
startup test phases. The geneml objective of the ITP is to confirm that performance of
the as-built facility is in compliance with the design characteristics used for SSAR safety
evaluations.

The preoperational test phase of the ITP will consist of those test activities conducted
prior to fuel loading. Preoperational testing will be conducted to demonstrate proper
performance of structures, systems, components, and design features in the assembled
plant. Tests will include, as appropriate, logic and interlocks test, control and
instrumentation functional tests, equipment functional tests, system operational test, +

and system vibration and expansion measurements.

The startup test phase of the ITP will begin with fuelloading and extends to commercial
'

operation. The primary objective of the startup phase testing will be to confirms

integrated plant performance with the nuclear fuel in the reactor pressure vessel and
the plant at various power levels. Startup phase testing will be conducted at five test
conditions during power ascension: open vessel, heatup, low power, mid-power, and

| high power. The following tests will be conducted during power operation testing: ,

(1) Core performance analysis.

(2) Steady-state testing.

(3) Control system tuning and demonstration.

(4) Minor and major transients.

Testing during all phases of the ITP will be conducted using step by step written '
procedures to control the conduct of each test. Such test procedures will delineate
established test methods and applicable acceptance criteria. The test procedures will be
developed from preoperational and startup test specifications. Approved test ,

procedures will be made available to the NRC approximately 60 days prior to their
intended use for preoperational tests and 60 days prior to scheduled fuelloading for -
startup phase tests. The preoperational and startup test specifications will also be made
available to the NRC. Administratively, the ITP will be controlled in accordance with a
startup administrative manual. This manual will contain the administrative
requirements that govern the conduct of test program, review, evaluation and approval
of test results, and test records retention.

Initial Test Program 35-1
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Inspections, Tests, Analyses and Acceptance Criteria

This section represents a commitment that combined operating license applicants
referencing the certified design will implement an ITP that meets the objectives |

presented above. Inspections, tests, analyses and acceptance criteria (ITAAC) aimed at
verification of ITP implementation are neither necessary nor required.

O

;

O
3.5-2 - Initial Test Program j
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4.0 Interface Requirements
The interface requirements defined in this section are similar in nature to the Design
Commitments identified in the tables ofInspecdons, Tests, Analyses, and Acceptance
Criteria (ITAAC) provided in Secdon 2.0 above. In particular, the following matters are
addresseu in one or more of the interface requirements: supply of cooling and makeup
water, heat removal for water-cooled systems, separation and independance ofdhisions.
Remote Shutdown System (RSS) controls for system operation, seismic capability,
criteria for electrical power systems monitors, automatic initiation of system operation, !

and flood limidng features. Each of these design features / design characteristics is also |
discussed in one or more of the Design Commitments and their corresponding ITAAC
in Secdon 2.0.

An applicant for a combined operadng license (COL) that references the ABWR
Cernfied Design must provide design features or charactenstics that comply with the
interface requirements for the ABWR design and ITAAC for the site 4pecific portions of
the facility design, in accordance with 10 CFR 52.79 (c). Because the interface
requirements for the ABWR design are similar to the ABWR Design Descriptions in
Secdon 2.0, for which ITAAC have been developed, compliance with the interface |

requirements is verifiable through inspection, testing, or analysis. Therefore,there is ;

jusdfication that a COL applicant will be able to develop ITAAC to verify compliance
with the design features or chancteristics the implement the interface requirements.

Interface Requirements 4.0-1/2
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4.1 Ultimate Heat Sink

Interface Requirements

The Ultimate Heat Sink (UHS) removes the heat load of the Reactor Senice Water
(RSW) Sptem during of plant operation. The UHS is not within the Certified Design.
The UHS will meet the following requirements:

(1) Provide cooling water to the RSW System for normal plant operation and to
permit safe shutdown and cooldown of the plant and maintain the plant in a
safe shutdown condition for design basis events.

(2) Makeup water for the UHS shall not be required for at least 30 days following
a design basis accident.

(3) Any active safety-related system, structure, or components within the UHS
shall have three divisions powered by their respective Class IE divisions. Each
division shall be physically separated and electrically independent of the other
divisions.

(4) UHS System Divisions A and B components shall have control interfaces with
the Remote Shutdown System (RSS) as required to support UHS operation
during RSS design basis conditions.'

(5) Be classified as Seismic Category I.

l
(w

Ultimate Heat Sink 4.1- 1,2
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4.2 Offsite Power System

interface Requirements

No entry. Covered in Section 2.12.1. [

,

,

i

:

;

s

1

.

&

Offsite Power System A2-V2
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4.3 Makeup Water Preparation System

Interface Requirements
The Makeup Water Preparation (MWP) System provides makeup water to the plant via
the Makeup Water (purified) (MUWP) System and the Potable and Samtary Water
System. The MWP System is not within the Certified Design. A site-specific MWP System
will be designed for any facility which has adopted the Certified Design to provide
demineralized water to the MUMT System.

|

1

l

|
|

Makeup Water Preparation System 4.3- W
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!4.4 Potable and Sanitary Water System

Interface Requirements
'

Covered in Section 2.11.23.

.I

!

.

.

I

|

)
,

;

i
i

Potable and Sanitary Water Systern 4.4.g,rj .
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4.5 Reactor Service Water System
!Interface Requirements

No entry. Covered in Section 2.11.9. .

!

,

t

!

t

i

!

|
t

I
|

.|

Resciar Service Water System 4.5-1/2
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4.6 Turbine Service Water System

interface Requirements
Covered in Section 2.11.10.

-

N

i

.

f

:

.

Turbine Service Water System 4.6-1/2
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4.7 Communication System
'

interface Requirements
Covered in Section 2.12.16. :

i

i

!

i
!

:
i

f

?
r

|
,

I

I

L
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\

Communication System 4.7-1/2
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I4.8 Site Security
,

Pro isions for site security are not within the Certified Design and will be prosided by t

each licensee on a site-specific basis. ,
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4.9 Circulating Water System |

Covered in Secdon 2.10.23.

.
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Circulating Water System g,9.gg
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4.10 Heating, Ventilating and Air Conditioning System

Covered in Section 2.15.5. |

!
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r
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F

,

I

i

Heating Ventilating and Air Conditioning System a go.gjy

i
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5.0 Site Parameters
This section provides a definition of the site parameters used as the basis for the
CertiDed Design.

I
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Site Forsmeters S.0-1
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Table 5.0 ABWR Site Parameters

Maximum Ground Water Level: Entreme W' d: Basic Wind Speed:m

61.0 cm below grade 177 km/hrW/197 km/hrW

Maximtun Hood (or Tsunami) level: Tomado
30.5 cm below grade * Maximum tornado wind speed: 483 km/hr

2* Maximum pressure drop: 0.141 kg/cm d
W

Precipitation (for Roof Design): * Missile spectra: Spectrum I

* Maximum rainfall rate: 49.3 cm/hrW
2* Maximum snowload: 0.024 kg/cm

Ambient Design Temperature: Soil Properties:

1% Exceedance Values * Minimum static bearing
2W* Maximum: 37.8*C dry bulb capacity: 7.32 kg/cm

25 C wet bulb (coincid2nt) * Minimum shear wave velocity: 305 m/secW
26.6'C wet bulb (non-coincident) * Liquefaction potential: None at plant site

* Minimum: -23.3*C resulting from site

0% Exceedance Values (Histoncal Limit) specific SSE ground

* Maximum: 46.1 C dry bulb motion
26.7 C wet bulb (coincident)

27.2*C wet bulb (non-coincident) Seismology:
* Minimum: -40*C = SSE response spectra: See Figures 5.0a and 5.0bm

Exclusion Area Boundary (EAB): An area whose Meteorological Dispersion (Chi /Q):
3

boundary has a Chi /Q less than or equal to a Maximum 2-hour 95% EAB 1.37 x 10-3 sec/m
3 4 3 I

1.37x10~3sec/m * Maximum 2-hour 95% LPZ 4.11 x 10 sec/m
* Maximum annual average

4 3
(8760) hour) LPZ 1.17 x 10 sec/m

(1,50-year recurrence interval;value to be utilized for design of non-safety-related structures only. |

(2) 100-year recurrence interval; value to be utilized for design for safety-related structures only. ,

(3) Maximum value for 1 hour over 2.6 km probable maximum precipitation (PMP) with ratio of 5 |2

minutes to 1 hour PMP of 0.32. Maximum short-term rate: 15.7crn/5 min.
(4) Spectrum I missiles consist of a massive high kinetic energy missile which deforms on impact, a

rigid missile to test penetration resistance, and a small rigid missile of a size sufficient to just pass !
through any openings in protective barriers. These missiles consists of an 1800 kg automobile, a |

!125 kg,20 cm diameter armor piercing artillery shell, and a 2.54 cm diameter solid steel sphere, all
impacting at 35% of the maximum horizontal windspeed of the design basis tornado.The first two
missiles are assumed to impact at normal incidence, the last to impinge upon barrier openings in
the most damaging directions.

(5) At foundation level of the reactor and control buildings. ;

(6)This is the minimum shear wave velocity at low strains after the soit property uncertainties have j
been applied. ]

(7) Free-field, at plant grada elevation. |

SD2 Site Paramtv ?<

__
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Figure 5.0a Horizontal Safe Shutdown Earthquake Design Spectra
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Critical Damping: 2%, 3%, 4%, 5%, and 7%
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Figure 5.0b Vertical Safe Shutdown Earthquake Design Spectra
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Appendix A Legend for Figures

For a number of the systems presented in Section 2, figures depicting the Basic
Configuration of the systems have been provided to help facilitate the Design
Description. For I&C systems, the figures represent a diagram of significant aspects of
the logic of the system. For other systems and buildings, these figures represent a

ifunctional diagram, representation, or illustration of design-related information.
Unless otherwise specified explicitly, these figures are not necessarily indicative of the

'

scale, location, dimensions, shape, or spatial relation -hips of as-built structures, systems, - f-

and components In particular, the as-built attributes of structures, systems and
components mayvary from the attributes depicted on these figures, provided that those
safety functions discussed in the Design Description are not adversely affected.

The figures contain infonnation that uses the following conventions:
,

Mechanical Equipment

Line classification: !

:

Figure Designation
;

s
_- -- 1ASME Code Class 1 r

;

ASME Code Class 2 2_________

)ASME Code Class 3 3

I

NNS iNon-ASME Code / _ _ __

Non-Nuc! ear Safety

Other Line Type: je je je je This legend can be i

used for pneumetric
lines when needed for

| clarity. ASME Code
class for such lines is i

defined on the system
figure.

>

l

Legend for Figures Appendix A-1
.

-_ _
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Classification / System Boundaries:

The following is a self-explanatory example of how ASME Code class change and system
boundary are identified on the figures:

RPV|NBS 1|2

Instrumentation:

Conductivity monitor CM

Differential pressure indicator dP

Display and/or control interface with RSS R

Flow elemeni FE

Hydrogen analyzer HE

Level controller LC

Level detector L

Moisture element ME

Pressure element P

Radiation element RE

Speed detector S

Temperature element T

Vibrution detector V

Note:
Instrumentation should be shown as:(lines connecting

FE
the instruments do not indicate ASME Code classes or
'#. O type)

O
Appendix A-2 Legend for Figures
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Equipment:

Annunciator A^H Reliefvalve(H = high, L = low) VL

Butterfly valve % Plug or Ball valve

Check valve M Probe J

Damper l "1 p

Fan, Blower %
Solenoid ; ::

Filter F
Strainer S

vFlow restrictor e
Three way Valve

Gate valve
Vacuum breaker VB

Globe valve
Valve type not specified b

Main Turbine
Stop Valve Water Trap |TR|

(
Notes: 1. Valves shown do not denote either open or closed position.

2. Valves shown without operators may be local manual valves.

3. Components shown in phantom are not part of the system on
the figure it appears.

Valve Operators:

Motor y

Pneumatic p

Electrical Equipment

Cable or conduit

Cable connection 1

} T

Legend for Figures Appendix A 3
e

_ _ _ _ _ _ _ _ _ _ - - - - _ _ . - - - - . - - - - _ - - - - - - - - -



.

. ..

. . ..
..

.

. . . . . . .. .

_

25AS447 Rev. 2

ABWR certinesoesign uateriar

O
Connection te, bus

,,

,.

Circuit breaker p.,
--O O--

Transformer m _

N

-

Battery
_

.

Note: Devices shown do not denote either open or closed position.

Building
a

Divisional Barder Door (Note 1 & 3)
_ 4:

(Note 2) _

Door (Note 3) 4:Door (Note 3) .g

-
_

Grating Floor gElevator 2

Gdd line identifier Grid line

(for information intersection

only) (forinformation
only)

O
Legend for Figures

Appendix A4

|
,

- - - . - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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fs
\

!

OpeningHatch -.

@ s ,
) s/i or

/s--

1 %

SecondarvRemovable block ; , ,; .

wall BW containment |
barrier for R/B and a

'

MCAE for C/B
(Note 2)

StairwaySliding door

[J
D U
-+- i

7 7
f y __

-- __

- __

p Surnp pit Typical floor designation:

( B3F-Basement,3rd floor

NOTES:

1. Swing of door can be either way.

2. Divisional and secondary con amment barriers and MCAE are fire barriers unless
specified otherwise.

3. "*" Denotes watertight door. ;

1
'

Control and Instrumentation

Cables: Fiberoptic _ _ l

Metallic

I

Fiber-optic or -------

metallic(

.

Legend for Figures Appendix A-5

|
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Cables not ( ;

connected ( -
(
(-

:

I

Sensor

Switch n
J

O'

,

O:
Appendix A-6 Legend for Figures

;
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Appendix B Abbreviations and
Acronyms Used in the ABWR Certified
Design Material

ABS Absolute CRGT Control Rod Guide Tube
AC Alternating Current CS Containment Spray 1

AC Atmospheric Control CST Condensate Storage Tank
ADS Automatic Depressurization CTG Combustion Turbine Generator

System CUW Reactor Water Cleanup +

AFPC Augmented Fuel Pool Cooling CV Control Valve
AMB Ambient CVCF Constant Voltage Constant
ATLM Automated Thermal Limit Frequency

Monitor CW Circulating Water
APR Automatic Power Regulator
APRM Average Power Range Monitor DC Direct Cunent
ARD Anti-Rotation Device DEPSS Drywell Equipment and Piping
ARI Alternate Rod Insertion Support Stmeture
ARM Area Radiation Monitoring DG Diesel Generator, Emergency
AS Turbine Auxiliary Steam System DIV Division
ASD Adjustable Speed Drive D/S Dryer and Separator
ASME American Society of Mechanical DTM Digital Trip Modules

,

\ Code Engineers, Boiler and Pressure DWC Drywell Cooling
Vessel Code

ATWS Anticipated Transient Without E/B Electrical Building
Scram EAB Exclusion Area Boundary

EAROM Electrically-Alterable Read-Only :

BLDG Building Memory

| ECCS Emergency Core Cooling System ;

C&l Control and Instrumentation EDG Emergency Diesel Generator .

C/B Control Bmiding EMC Electromagnetic Compatibility ?

C/C Cooling Coil EMI Electromagnetic Interference
CAMS Containment Atmospheric EMS Essential Multiplexing System

Monitoring System EPD Electrical Power Distribution
CFCAE Condensate Feedwater and ESD Electrostatic Discharge

,

Condensate Air Extraction ESF Engineered Safety Feature
CFS Condensate and Feedwater

System FCS Flammability Control System
CID ControlInterface Diagram FCU Fan Coil Unit !
CIV Combined Intermediate Valve FDWC Feedwater Control |

CMP Configuration Management Plan FIV Flow-Induced Vibration
'

CMU Control Room Multiplexing Unit FMCRD Fine Motion Control Rod Drive

| COL Combined Operating License FP Fire Protection
CPS Condensate Purification System FPC Fuel Pool Cooling and Cleanup

O CRD Control Rod Drive FPS Fire Protection System
CRDHS Control Rod Drive Hydraulic FW Feedwater<

System

Abbreviations and Acronyms Appendix B-1
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GL Grade Level MCC Motor Control Center
GSC Gland Seal Condenser MCES Main Condenser Evacuation
HAZ Heat-Affected Zone System

IICU Hydraulic Control Unit MCR Main Control Room
HCW High Conductivity Waste MCkP Main Control Room Panels
llECW HVAC Emergency Cooling MG Motor Generator

W ater MOV Motor-Operated Valve
HEPA High Efficiency Particulate Air MPT Main Power Transformer
HFE Human Factors Engineering MRBM Multi-Channel Rod Block
HNCW HVAC Normal Cooling Water Monitor
HPCF High Pressure Core Flooder MS Main Steam
HPIN High Pressure Nitrogen Gas MSIV Main Steam Isolation Valve

Supply MSL Main Steamline
HS1 Human-System Interfaces MTSV Main Turbine Stop Valve
HVAC Heating, Ventilating, and Air MT Main Turbine

Conditioning MUWC Make Up Water (Condensate)

HWH Hot Water Heating MUWP Make Up Water (Purified)
HX Heat Exchanger MWP Makeup Water Preparation

IA Instrument Air NBS Nuclear Boiler System

ICGT In-Core Guide Tube NEMS Non-Essential Multiplexing
I&C Instrumentation and Control System

INST Instrumentation NMS Neutron Monitoring System
ISLOCA Intersystem Loss-of-Coolant NPSH Net Positive Suction Head

Accident NRHX Non-Regenerative HX

ISI In-Service Inspection NSD Non-Radioactive Storm Drain
ITAAC Inspection, Tests, Analyses, and

Acceptance Criteria OGS Off-Gas System
ITP Initial Test Program OLU Output Logic Unit

OPRM Oscillating Power Range Monitor
LCP Local Control Panels OSC Operational Support Center
LCW Low Conductivity Waste OST Oil Storage and Transfer
LD Load Driver
LDS Leak Detection and Isolation P/C Power Center

System PASS Post-Accident Sampling System
LOCA Loss-of-Coolant Accident PCHS Power Cycle Heat Sink
LOPP Loss of Preferred Power PCS Primary Conta'nment System
LPFL Low Pressure Core Hooder PIP Plant Investment Protection
LPMS Loose Parts Monitoring Sjstem PMG Plant Main Generator
LPRM Local Power Range Monitor PRM Process Radiation Monitoring
LPZ Low Population Zone PROM Prograrmnable Read-Only |

LSPS Lighting and Servicing Power Memory
Supply PS Pipe Space

PSW Potable and Sanitary Water |

M/C M etald 6 d <

MCAE Main Control Area Envelope R/B Reactor Building

Appendix B 2 Abbreviations and Acronyms

-- _ _____ _
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RAT Reserve Auxiliary Transformer SGTS Standby Gas Treatment System
RCCV Reinforced Concrete SJAE Steam Jet Air Ejectors

Containment Vessel SIT Simctural Integrity Test
RCIC Reactor Core Isolation Cooling SLC Standby Liquid Control
RCIS Rod Control and Information SLU Safety System Logic Unit

System SMP Software Management Plan
RCPB Reactor Coolant Pressure S/P Suppression Pool

Boundary SPC Suppression Pool Cooling
RCW Reactor Building Cooling SPCU Suppression Pool Cleanup

W ater SPTM Suppression Pool Temperature
RFC Recirculation Flow Control Monitoring
RFI Radio Frequency Interference SRNM Startup Range Neutron Monitor
RHR Residual Heat Removal SRV Safety / Relief Valve
RHX Regenerative HX SSE Safe Shutdown Earthquake
RIP Reactor Intemal Pump SSLC Safety System Logic and Control
RMU Remote Multiplexing Unit SSPV Scram Solenoid Pilot Valve
RPS Reactor Protection System STP Simulated Thermal Power
RPV Reactor Pressure Vessel SWC Surge Withstand Capability
RRS Reactor Recirculation System
RSS Remote Shutdown System T/B Turbine Building
RSW Reactor Service Water TB Turbine Bypass,

\ RW/B Radwaste Building TBS Turbine Bypass System
RX Reactor TCW Turbine Building Cooling Water

TD Tomado Damper
S/B Service Building TDll Total Developed Head
S/P Suppression Pool TGS Turbine Gland Seal
SA Service Air TLU Trip Logic Unit
SAM Sampling System TMSL Typical Mean Sea Level
SB&PC Steam Bypass and Pressure Elevation

| Control TN Transmission Network
SC Shutdown Cooling TSC Technical Support Center
SDC Shutdown Cooling TSW Turbine Service Water
SCRRI Selected Control Rod Run-In
SD Storm Drain UAT Unit Auxiliary Transformers
SD Smoke Detector UHS Ultimate Heat Sink
SDC Shutdown Cooling USE Upper-Shelf Energy

V&V Verification and Validation

| Note: These abbreviations and acronyms apply to the ABWR Certified Design Material. Other
documents may use different abbreviations or acronyms.'

Abbreviations and Acronyms Appendix B-3|4
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