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FOREWORD

This report isorganizecf into savanmajor sections comprising two volumes and follows the

ganeral organization oftopics given in the DOE Plutonium Disposition Study Requirements
Document. A cross-reference of the Requirements Document and areas of study in this

report are presented in Table 1 and Teble 2, which follow.
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Table 1

Pu Consumption Requirement Cross-Reference

Requirements Document Final Report Section

4.0 Information

4.1 Safeguards 111.J

4.2 Safety and Environmental Ill, 11.J, V

4.3 Technology Base 11.A through G, TABLE II-1, 111.A through
I

4.4 Infrastructure 111.H, VII.A through C

4.5 costs VI.A through E

4.6 Schedules IV, VI.F

5.0 Other Considerations

5.1 Daploymant Strategies VII.A, B, C

5.2 Challenges VII.D

xx
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Pu Consumption - Display of Engineering, Technicel and Cost Date: Cross-Reference to Report 9 mm
$ m-

Requirements Document Final Report

FIGURE NO. DESCRIPTION RD NUMBER REPORT SECTION FIGURE OR TABLE

A-1 Occupational Exposure vs Time 4.2.3 111.K Table 111.K-1

A-2 MW, Installed Capacity vs Tima 4.3.1.2 111.K Table 111.K-2

A-3 Kg of Plutonium Stockpila Reduction 4.3.1.4 lil.K Table 111.K-3
ia Time

A-4 KW~r, Electricity Produced vs Time 4.3.1.5 111.K Table 111.K-4

A-5 Kg of Strategic Material vs Time 4 111.K Table IH.K-5

A-6

A-7

A-8

A-9

A-10

A-II

A-12

A-13

A-14

A-15

A-16

Input Kg Fresh Fuel vs Tima 4.3.1.4 111.K

On-Site Spent Fuel Storage vs Time 4.3.5.3 111.K

Overall Radioactive Wasta Generated 4.3.5.5 111.K
va Time

Output, Kg - Actinida vs Time 4.3.5.5 111.K

Outout, Ka - Fission Product vs Time I 4.3.5.5 I 111.K

Cash Flow vs Time 4.5,3 VI.B

R&D Expenditure vs Time 4.5.1.1 VI. B

Pre-Operating Costs vs Time I 4.5.1.1 I VI.B

Caoital Costs vs Time I 4.5.1.2 I VI. B

O&M Costs vs Time 4.5.1.3 V1.c

Revenuas from Sale of Electric Power 4.5.1.5 VI.E

Table 111.K-6

Table 111.K-7

Table 111.K-8

Table 111.K-9

Table III.K-10

Figures VI. B-1, 3, 5, 7, 9

Fioures VI. B-1 1, 12

Figures VI. B-13, 14, 15,

16

Figures VI. B-2, 4, 6, 8, 10

Table VI. C-1

Tables VI. E-1 throuah 5



1. EXECUTIVE SUMMARY

PU CONSUMPTION IN ALWRS
EXECUTIVE SUMMARY

The Department of Energy (DOE) has contracted with Asee Brown Boveri-Combustion
Engineering (ABB-CE) to provide information on the capability of ABB-CE’S System SO+

Advanced Light Water Reector (ALWR) to transform, through reactor burnup, 100 metric

tonnes (MT) of weapons grade plutonium (Pu) into a form which is not readily useable in

weapons. This information is being developed as part of DOE’s Plutonium Disposition

Study, initiated by DOE in response to Congressional action.

ABB-CE has undertaken this study supported by sub-contractors Battelle Northwest
Laboratories, Duke Engineering & Services, Inc., Ebasco Services Inc. and Stone &
Webster Engineering Corporation. This team with a broad base of nuclear experience and

active working relationship with ABB-CE on the ALWR and on the New Production
Reactor Program has been able to rapidly mobilize and conduct this study guided by the

DOE Requirements Document.

Table l-l summarizes the results of tha studies parformed to-date. The table summarizes

the three requested alternatives (spiking, spent fuel and destruction) in compliance with
the Requirements Document and on two alternates to demonstrate the capability of a
single and dual System 80+ installation. Wa believe this demonstrates an excellent
capability and flexibility of the System 80+ ALWR design to meet and exceed mission

objectives.

The single System 80+ plant ahown as the Optimizad Spent Fuel -1 in Table l-l shows a

seven year schedule to start of oparation, a full Mixed-Oxide (MOX) loading, a capability of
handling the 100MT to spiking in 15 years and spent fuel in 60 years. The dual Systam

80+ plant has a seven year schedule for the first unit, a full MOX loading, a capability of
handling the 100MT to spiking in 7.5 years and spent fuel in 30 years.

The following missions outlined in the Requirements Document; Plutonium disposition,

electric power production, and tritium production capability ara all within the capability of

System SO+ and will require only minimum modifications. The Pu disposition capability

exists primarily because System 80, from which the Systam 80+ ALWR evolvad, was

designed in the 1970’s with a reactor capable to accept a 10O”A Mixed Oxide (MOX) fuel
loading in what was referred to as an All Plutonium Reactor (APR). System 80 end

System 80+ represent the only existing designs for a 10O”A MOX core with the resulting
capability three times (3x) that of other Light Water Reactor designs.

The design of the System SO+ ALWR, a 3931 MWt (1350MWe) Evolutionary Advanced
Pressurized Water Reactor is a complete nuclear plant design which is in the final stages of

licensing review by the Nuclear Regulatory Commission (NRC). The Nuclear Steam Supply

System is a traditional two-loop arrangement with two steam generators, two hot legs and

four cold legs aach with a reactor coolant pump. The steam generators and pressurizer

have been increased in size to provide additional primary and secondary side inventory

with the resulting increasas in operating margins, thus decreasing potential challenges to
the safe operation of the plant. The raactor design of System 80+ has had minimum

change since the original System 80 design that is currently in operation at the Palo Verde

three unit site in Arizona. One of the original design objectives of System 80 was the
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capability to usa Iarga Pu loadings - up to and including an APR cora. Tha faaturas which
were designad into System 80 plants to accommodate an all Pu core included increased

control rod worth; graatar boration capability; incraasad dacay haat ramoval capability; and
improved reactor internals, cora support barral, and fuel handling and storage equipment.
Tha most challenging design consideration was the provision for an increased control rod

worth. The naad for additional control rod worth motivated a unique design faature of the

System 80 reactor - the tubesheet upper guide structure. The System 80 design, with its

uppar guide structure support barral and lower tube sheet shrouds for individual control
rods, results in control rod access to all assemblies of the reactor core. This innovative

concapt was developed, tested, designed, manufactured, installed and has been in
successful operation for over eight years at the Palo Verde sita.

The System 80+ ALWR has baen undar development at ABB-CE since 1986 as a part of

the DOE design certification program. The complata 25 voluma CESSAR-DC (Combustion
Engineering Standard Safety Analysis Raport - Design Certification), has been undergoing

review by tha NRC sinca 1987. The draft Safaty Evaluation Raport was issued in October

1, 1992 and a major step towards closure of all issues was the submittal by ABB-CE of

ovar 6800 amanded pages in March, 1993. The status of System 80+ is best reflected in

a racent letter from Thomas E. Murley of the NRC who states “Due to extansive amount of
information in tha current safaty analysis raport and tha DSER, tha staff considers the

DSER for System 80+ assantially equivalent to the draft Final Safaty Evaluation Raport

(DFSER) for the General Electric Company Advanced Boiling Water Reactor design. The
staff is confident that once the remaining open items are rasolvad and onca the Tier 1
design description end ITAAC are submitted, the staff will be eble to document its findings
in a FSER and to issue a final design approval within a raasonabla tima. ” (A copy of this
Iettar is included at the end of this saction. )

Since the System SO raactor design is proven in service at Palo Varde, and the System

80+ is naaring completion of NRC raviaw with no major open tasks, it is an axcellant basa
for tha Pu and tritium missions. This report documents the studies that ABB-CE has

completed which validate the capability of System 80+ to accommodate a 10OOA MOX
fuel loading. ABB-CE continuas to use conservative groundrules, such as maintaining

critical core coefficients within the limits proven in operation at Palo Verda, to maintain tha
well proven and documented design basis. ABB-CE has incorporated recent fuel

developments such as the use of Erbium burnabla poison, in its MOX fual design. This
results in excallent core characteristics well within thosa whose performance has baan

proven. Tha uae of Erbium up to 2.5 weight percant has been approved for ABB-CE

reactors by NRC.

The various core loadings reviewed for this Pu disposition study demonstrate the flexibility

built into the Systam 80+ reactor. Tha spiking, spent fuel and destruction alternatives as
well as the option to produce tritium can be accommodated with only minor modifications

to the design. Tha basic configuration for a uranium core is modifiad only by burnable

poisons and by tritium targets to accomplish the various missions.

The MOX fual fabrication required for the Pu mission is mechanically similar to that for

uranium fuel with tha addad considerations of safeguards and radiological hazards of Pu.
The dasigned, manufactured and constructed Secure Automatad Fabrication (SAF) Iina is

an axisting fuel fabrication Iina within the Fual Matarial Examination Facility (FMEF) at
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Hanford. While this facility is axpandabla, it may be limited for tha spiking mission.

Should tha location be other than Hanford (a.g., Savannah River), transportation aspacts
would have to ba raviawad from a safeguards and economics viawpoint. However, FMEF

does rapresent a valuable resourca as input to studies and design of a MOX fuel
Fabrication Iina and facility.

The spent fual handling, storage and ultimata disposal ara similar to these activitiaa for a

commercial LWR. For all the alternates and deployment option thet have been examined,
wat storege for fiftaan full coras is contemplated. At tha MOX loading of 6.7°76 Pu fissila,

the 100MT would ba accommodated for the life of the plant with no other fuel requirad to
fual the plant. From a safeguards viewpoint once tha fual is fabricated and deliverad to

the raactor plant it doas not have to be shipped off-site until later. When the fual is
ramoved it can ba shippad and disposed of in tha High Lavel Waste Repository similar to

spent fuel from a commercial LWR.

Tha basic conservative, flaxibla dasign of the System 80+ raactor allows it to

accommodate tritium targets without any significant re-design. Tha tritium targets
davalopad for DOE under tha Light Watar Naw Production Raactor program can ba

substituted for burnable poison rods to produce the desired ratas of tritium. Several cases
have been axplorad with 32 tritium targat rods per assambly producing contract goal

tritium. With the 32 targets per assambly, the power output would dacraase slightly to
3410 MW thermal. A reduced numbar of tritium targets rasults in a higher power
capability.

Tha Systam 80+ daaign is the only Evolutionary Advancad Pressu rize ~ Light Water
Reactor (PWR) in tha United States. Evolutionary Pressurized Water Reactors hava baen

adaptad worldwide as tha plants for tha naxt generation of power reactora. France,

Germany and Korea hava selacted ~ technology based on avery measure of comparison
with othar reactor typas (i. a., Ioed factor, forcad outaga rata, wasta produced, radiation

exposure, O&M costs etc. ) System 80+ has been designed to incorporate improvements
based on tha datailed critaria that worldwida utilities astablishad for naw plants, tha EPRI
ALWR Utility Requirements Document. Faedback from operating experience and full

compliance with the US NRC regulations have rasulted in mora than 5500 saparate PWR
raquiremants includad in tha ALWR utility requirements document. Thase raquiraments

embody four main idaas: safety, simplicity, ample design margin and full integration of tha
human oparator.

As an indication of its immediate commercial viability, it should be noted thet tha Systam
80+ standard design is being bid by ABB-CE in Taiwan this year.

This study and efforts put into the Deployment Options provides encouragement that the

potantial, for privata investment in all or portions of tha Complex is raalistic and should ba

pursuad. While intarast in tha privata sector is depandent upon tha nead for powar, powar

distribution, and ability to sell the power, it is also a function of tha risk involved. Systam
80+ offera to investors a design that is licensable, known, mature and with a capacity
factor that can ba ~efanded basad on provan experience, all of which are so vital to
financial commitment.
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In summary, the proven operating record of the System 80 design, safety enhancements

for System 80+ ‘“ that have resulted in a licensing application review almost completed by

NRC, close adherence to the ALWR Utility Requirements document, dasign capabilities for
Pu applications and the high 3931 MW thermal rating of the plant, ell combine to make

System 80+ the least cost, least-risk, fastest way to have a Pu disposition reactor on-line
to meet the Pu disposal mission.
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SUMMARY COMPARISON OF ABB-CE SYSTEM 80+ PLUTONIUM DISPOSITION OPTIONS

OPTIMIZED OPTIMIZED
SPIKING SPENT FUEL DESTRUCTION SPENT FUEL-1 SPENT FUEL-2

Reactor Tyoe APWR APWR APWR APWR APWFI

IILaad Designer ABB-CE ABB-CE ABB-CE ABB-CE ABB-CE I
MWelReactor 1350 Gross 1350 Gross 1350 Gross 1350 Gross 1350 Gross

1256 Nat 1256 Net 1256 Net 1256 Net 1256 Net

tvlWtlRaector 3800 3800 3800 3800 3800

Number of Raactor Modulas per 1 1 1 1 1

z Plant

Number of Plants Raquired (or 1 4 4 1 2
Raactors)

Coolant Tvga Water Watar Water Water Watar

Modarator Typa Watar Watar Water Watar Water

Siza of Site Area (Acres) 200 500 500 200 300

Cycla Exposure EFPD 39 274 274 274 274

Cycla Length (Days) 90 365 365 365 365

Percent Core Refueled per Cycle 100 100 100 100 100

Capacity Factor (“A) 43 75 75 80 90
1

Discharge Exposure (MWD/MT) 1500 42,200 42,200 45,000 45,000

Avarage Occupational Exposura (P- 200 364 364 97 194

Rem/YR)



TABLE l-l (Continued)

SUMMARY COMPARISON OF ABB-CE SYS

SPIKING SPENT FUEL

Timeframe to Start of Operations

(YRS)

a) Fuel Fabrication 6 6

b) Reactor 7 7

Req’d Fual Fabrication Rate MT 25.67 6.67
PuNR 4 CoreffR 1 CoreNR

Spent Fuel Storage Capacity 5000 5000
Req’ts. Cells

Pu Stockpile Reduction (MT/YR) 20.00 6.67

(Normal Operations)

Pu Stockpile Disposition Ouration 4 18

(YRS) (After Start of Operations)

Net Pu Destruction (“A) 4 27

Cost of Construction and 3,720 9,704

Engineering ($) Millions

Avg. Operational Cost Data ($/YR)

0) O&M Costs (Nonfual) 97.50 M 243.00 fvl

b) Revenue Generated 160M 1.300 M

M 80+ PLUTONIUM OPTIONS

6 I 6 I 6
7 7 7

6.67 1.67-6.67 3.33-6.67
1 CorePfR 0.25 to 1 Core/YR 0.5 to 1 CoreNR

5000 I 1250 I 2500
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Docket No. 52-002

Mr. Regis Matzie, Vice President
Nuclear Systems Development
ABB-Combustion Engineering
1000 Prospect Hill Road
Windsor, Connecticut 06095-0500

Dear Mr. Matzie:

SUBJECT: THE NUCLEAR REGULATORY COMMISSION (NRC) REVIEW STATUS OF THE ABB-
COMBUSTION ENGINEERING (ABB-CE) SYSTEM 80+ DESIGN

The NRC staff released its draft safety evaluation report (DSER) on the ABB-CE
System 80+ design to the public on October 1, 1992. This DSER identified
637 open items that required additional information from ABB-CE for the staff
to complete its review. In addition, it was noted that ABB-CE had not yet
submitted the Tier 1 design description and the inspections,
and acceptance criteria (ITAACS).

tests, analyses,

since the OSER
completely
classified as

Both ABB-CE and the NRC staff have made significant progress
was issued. Of the 637 open items, 119 have been closed and
resolved, 234 have attained technical resolution and are now
confirmatory (i.e., ABB-CE must submit the agreed to resolution formally on
the docket or as an amendment to CESSAR-OC). Thus there are 284 open items.
The majority of these open items require only additional NRC staff review and
no further technical work by ABB-CE. In addition, significant progress is
being made on the development of acceptable Tier 1 design descriptions and
ITAAC through ABB-CE meetings with the staff and A8B-CE’S participation in
industry activities. None of the remaining open items appears to present an
obstacle to final design approval and eventual certification rulemaking of the
ABB-CE System 80+ design.

Due to the extensive amount of information in the current safety analysis
report and the DSER, the staff considers the DSER for System 80+ essentially
equivalent to the draft final safety evaluation report (OFSER) for the General
Electric Company Advanced Boiling Water Reactor design. The staff is confi-
dent that once the remaining open items are resolved and once the Tier 1
design description and ITAACare submitted, the staff will be able to document
its findings in an FSER and to issue a final design approval within a reason-
able time.

&2
Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

cc: See next page
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TECHNICAL DESCRIPTION

Il. TECHNICAL DESCRIPTION

This section presents s technical description of the various elements of the System 80+

Standard Plant Design upon which the Plutonium Disposition Study was based. The

System 80+ Standard Design is fully developed and directly suited to meeting the mission

objectives for plutonium disposal. The base U02 plant design is discussed here.
Adaptations for plutonium are given in Section Ill which follows. Table 11-1 comparee the

characteristics for U02, plutonium disposal and tritium production options.

A. INTRODUCTION

The System 80+ Plutonium Disposition Complex is based on ABB-CE’S System 80+

which is a complete Nuclear Power Plant currently in the final stages of licensing review

by the Nuclear Regulatory Commission (NRC). The System 80+ plant layout (described in

detail in Saction H B) has evolved over the past few years basad on previous designs,

human factors considerations, compliance with the EPRI ALWR Utility Requirements

Document and review by several Architect-Engineers and numarous representatives of

operating power plants.

Tha ganeral arrangement of the site groups tha Raactor Building with its spherical

containment and the Nuclear Annex which houses reactor safety, auxiliary and control
systems and equipment into a single complax situated on a common foundation mat,

theraby providing for excellant overall seismic stability, ground watar resistance, and
interbuilding access.

Separate structures have bean provided to house the radwasta facilities, station services,

tha component cooling water heat axchangere, and station administrative services. This
allows ready access to thesa areas for parallel construction without interference.

Site Layout

The evolution of the site layout from tha System 80+ Nuclear Powar Plant to the

Plutonium Disposition Complex will involve location of the Fual and Target Fabrication

Facility, expansion of tha spant fual pool and location of the tritium attraction process.
The resulting sits layouts are shown in the anclosed Figures II-A-1, II-A-2, and II-A-3 for

the single, dual and four plant arrangements. The System 80+ Nuclaar Power Plants are
shown as slide along plants with sharing of some site facilities (warehouses, heat sink

etc.) Section B which follows describes the buildings and structures in more detail.

Fuel Fabrication and Processing

Figure II-A-4 shows a process ovarview of the complax for this study basad on diraction

from the DOE. All facilities have baan located at the same site as the reactor.

The MOX fuel fabrication plant (FTFF) will have capacity to produce 100 MT of MOX fuel

per year. Plutonium will ba received as PU02 to purity and physical properties

specifications. The plutonium will be recaivad in sealed PU02 containers. Tha PU02

containers will be storad in tha storage vault. The uranium will be raceivad as depleted
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UO,. DOE will supply depleted UF6 that will be converted to UO~ by a commercial fuel
supplier.

The Fuel Fabrication Facility will also be required for target fabrication for the tritium
production options. Target pins will consist of lithium aluminate LiAIOz, pallets in the

shape of annular rings contained in Type 316 stainlass steal cladding. A zirconium sleeve

that serves as an oxygen getter will be inserted inside of the lithium aluminate pellets. On

the outside, the lithium aluminate pellets will be surrounded by a sleeve of zircaloy that
serves aa a tritium getter. This sleeve, in turn, will be surrounded by the cladding. The
inner and outer surfacas of tha cladding will be coated with an aluminide barrier to prevent

the escepe of tritium.

Site Design Parameters

When the specific location of the Plutonium Disposition Raactor is identified the System

80+ envelope of plant site dasign parameters will be examined to ansure that the selectad
sita is within the parameters shown in Table 11.A-1. The envelope of System 80+ offers

flexible siting parameters and no problem is anticipated in dasigning the additional facilities
(fuel fabrication etc) to these parameters.
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TABLE 11.A-1

[Sheet 1 of 3)

ENVELOPE O F PLANT SITE DESIGN PARAMETERS

Ground Water

Maximum Level:

Flood (or Tsunami) Level(’)

Maximum Leval:

Precioit ation (for Roof Desian~

Maximum rainfall rate:

Maximum snow load:

2 fact below grade

1 foot below grade

19.4 inlhr. and 6.2 in/5 min.(2)

50 Iblsa. ft.

Desicm Temperatures

Ambient

1 ‘A Excaadance Values

Maximum: 10O°F dry bulb/77 “F coincident wat

bulb

80°F wet bulb (non-coincident)

Mhimum: -lO°F

OOA Exceedance Values (Historical Limit excluding paaks < 2 hours)

Maximum: 115 “F dry bulb/80° F coincident wet

bulb

Minimum:

Station Service Water Inlet:

Condanser Circulating Water Inlet:

81 ‘F wet bulb (non-coincident)

-40 “F

g~o+s)

slOO” F
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TABLE 11.A-1 [Cent’d)

(Sheet 2 of 3)

ENVELOPE OF PLANT SITE DESIGN PARAMETERS

Basic W[nd Speed:

Importance Factors:

19md”

PU CONSUMPTION IN ALWRS
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Maximum tornado wind speed:

Rotational Spaad:

Translational velocity:

Radius:
Maximum prassure differential:

Rata of prassura drop:
Missile spectra:

so il Prooertiea

Minimum Bearing Capacity (demand):

Minimum Shaar Wave Velocity:

Liquefaction Potential:

eismoloqys

SSE Pack Ground Acceleration (PGA):

Aircraft Hazardq

Plant to airport distance

Plant to edga of military

training routas

Plant to edge of Fedaral eirway,

holding pattern, or airport

330 mph
260 mph

70 mph

150 ft

2.4 psi
1.7 psi/sac
per SRP 3.5.1.4 Spactrum II

15 ksf (static)

500 ft/sec
None (at site-spacific SSE level)

0.30 g

5mi. < D < 10mi. with a ual
Y

oparation Iesa than 500D or

D> 10mi. with a annual operation
9

less than 1000D (D = distance in

miles)

D> 5mi. with an ennual oparation
lass than 1000 flighta (D = distance

in miles)

D>2mi.

(D = distance in miles)
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TABLE 11.A-1 ICont’d)

(Sheet 3 of 3)

ENVELOPE OF PLANT SITE DESIGN PARAMETERS

Meteo rolg.gy

Short-term dilution factor )(IQ 1 .OX1O-3; EAB = 500 meters

Long-tarm dilution factor XIQ 2.2X1O
-5

; LPZ = 3000 meters

NOTES:

1.

2.

3.

4.

5.

6.

Probable maximum flood level (PMF), as defined in ANS1/ANS-2.8, “Determining

Design Basis Flooding at Power Reactor Sites. ”

Maximum value for 1 hour 1 sq. mile PMP with ratio of 5 minutes to 1 hour PMP of

.32, as found in National Weather Service Publication FIMR No. 52.

Maximum normal power and normal shutdown temperature of the Station Service

Water System Intake based on one percent exceedance meteorologic conditions.

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

100-year recurrence interval; value to be utilized for design of safety-related

structures only.

10,000,000-year tornado recurrence interval, with associated parameters based on
the NRC’s intarim position on Regulatory Guide 1.76. Pressure effects associated

with potantial off site explosions ara assumed to be non-controlling for the design.
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FIGURE 11.A-4
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B. POWER PLANT DESCRIPTION

1. General

The System 80+ Advenced Light Watar Reactor consists of a complete nuclear power
plant. The plant structures include:

Nuclear Island Structu esr

Raactor Building

Shield Building

Steel Containment Vessel

Internal Structure

Subsphere
Nuclaar Systams Annex

Fuel Pool Area (Including Auxiliary Fuel Storage Facility)

Control Araa
Diesel Generator Area
Main Steam Valve House

Maintenance/Outage Area

Turbine Island Structures

Turbine Building

Qher Plant Structur~
Fuel Oil Tanks and Pumphouse

Service Water Pumps & CCW Heat Exchanger 81dg.

Ultimate Heat Sink (UHS)
Radwasta Building

Circulating Water Pumphouse

Plant Cooling Tower

Auxiliary Boiler Building
Station Services Building
Administration Building

Security Building
Station Structures for Pu Consumption

Warehouse
Yard Structural

Fire Tanks & Pump House

Fuel & Target Fabrication Facility
Tritium Recovery Building

Auxiliary Fual Storage Facility

Thase buildings and structures are shown on the plot plans prasented in Section 11.A and
discussad in more detail in the subsection which follow. Figures II-B-1 through II-B-3

illustrate the arrangements of the Nuclear Island.

The general arrangement of tha site groups the Raactor Building with its spherical

containment and the Nuclear Annex which houses raactor safaty, auxiliary and control
systems and equipment into a single complax situated on a common foundation mat,
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thereby providing for excellent overall seismic stability, ground watar resistance, and
interbuilding access.

Saparate structural hava been provided to house the radwasta facilities, station services,
the componant cooling water haat exchangers, and station administrative sarvices. This
allows raady access to these araas for parallal construction without interference.

The locations of tha principal plant featuras provide for a high degree of separation of

safaty components from potantial hazards. For axampla, the turbina rotating axis is

selected to diract missiles away from all Category I structural. Maintenance convenience

is a major consideration in the development of this plant. This includas single piece steam

generator ramoval, condanser ratubing accass, diasai ganerator ramoval, and many other
consideration.

Tha dual spherical staal containment is based on the design used for the cancallad Duke
Powar Company Charokaa/Parkins” plants and provides additional operating floor spaca

for maintananca and layout. Aiso, the inharant strength in the spherical arrangement

provides additional design margin for any possibla futura regulatory concarns relating to
severe accident scanarios. The mitigation of severe accidants was explicitly considered in

tha design of the containment. For example, tha large containment volume providad and
the internal containment arrangamant promotes post accident hydrogen mixing and
dilution. Tha Reactor Shiald Building forms an additional barriar to provida a minimum

accident ralaase potantial when comparad to currant designs.

The design complies with environmental discharga and other requirements, including those
ragarding appearance, noisa, emissions affluants and drains.

Tha layout of tha plant considars both intarnal and external hazards. The primary

protection for extarnal hazards is achiaved through tha structural arrangement that
providas spatial separation of radundant safety equipmant.

Buildings, structures, and components have been dasigned such that their failuras or

interactions will not causa an unacceptable failure of safaty related features. This has

bean accomplished in one of the following ways:

● Through physical separation from safaty relatad faaturas by a distanca

sufficient to pravant unacceptable damage to safaty related faatures, or

. By dasigns than can withstand loads to tha axtent required to prevent

unacceptable damaga to safety ralatad featuras, or

● By tha use of barriers or other protective faaturas to protect safaty relatad
faatures from failures or interactions to the extent raquirad to prevent

unacceptable damaga to safety ralatad faaturas.

“ Construction of the Charokee 1 containment was wall along whan tha plant was

cancelled.
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When sefety related end non-safety related buildings, structures, or components are
integrally connactad, tha non-safaty related faatura is accounted for in tha model when

datarmining the design of tha safety relatad feature.

Safety related buildings, structures, and aquipment subject to hazards, either internally and
externally generatad, has bean designed for or protected from such hazards sufficient to

prevent unacceptable damaga.

The plant arrangement is such as to minimize tha impact from a potantial turbine missile

by defining the orientation of tha turbine longitudinal axis towards the containment and by

spatial separation of safety equipment.

Wind-ganaratad missiles ara considered in tha dasign of reinforced concrata wane for aach

structure which houses safaty-related equipment.

The station layout provides a centralized Main Control Room from which all day-to-day

plant operations are controlled and monitorad. Tha control room is Iocatad in the Nuclaar
Annex adjacent to the Raactor Building, betwean the Reactor Building and the Turbine

Building. Batterias, cable shaft and switchgaar areas ara located below the control room.
A saparate Remota Shutdown Room, and Technical Support Center are located in the

vicinity of the cantral Control Complax. Tha capability of bringing the plant to a cold

shutdown from outside of the control room is providad through the use of controls in the
Remote Shutdown Room.

The ultimate haat sink shown in Figure II-A-1 is a singla passive indapandent cooling watar

pond. However, it is recognized that sits-specific conditions may require the use of two

ponds to maet Regulatory Guide 1.27. The design brackats alternative ultimate heat sinks
which may ba spacifiad for a particular sita if environmental restrictions limit tha usa of a

cooling pond or if an alternative watar supply ia more reliabla. Acceptance altarnata

ultimate heat sinks are an ocaan, a large Iaka, a Iarga river, a Iaka and a cooling pond, a
river and a cooling pond, or a cooling tower and cooling pond.

Each safaty train is separated from the others by physical barrier or distanca where

impractical, e.g., insida containment. Diesel generators are located on opposite sides of

tha Reactor Building. Major cable runs ara separated by concreta barriers batwean trains
with individual runs separatad in accordance with USNRC Regulatory Guidelina 1.75.

The emergency feedwater system contains two storage tanks, each with a minimum
usaable volume of 350,000 gallons.

The HVAC intakes ara positionad to preserve the functioning of the emergancy diesel

generators and the occupancy of the Main Control Room and othar safety-related araas

which ara raquirad to be mannad during oparation or shutdown of the station.

The fire zones and barriers are determined by conducting detailed analysis of hazards

during the final dasign of intarior structural. Entry to the site is strictly controlled. Plant

and buildings are located relative to security fencing or barriers such that the risk of
unauthorized access or interfarance is minimized.
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2. Reector Building

The Reactor Buildingra function ia to provide a euitable environment to housa the Reactor

and its associated safety systems, and to prevent the uncontrolled release of radioactivity
to the outside environment. The Reactor Building also shialds the Containment from

external hazards and environmental effects. As an integral part of thesa functions, it
forms a part of the engineered safsty systems of the plant.

Tha fundamental dasign objective is to ensura that the reactor can safely be shut down

and adequately cooled in the event of a design basis fault and to provide assurances that

the radiation Iavels at the site boundary will not exceed the parmitted Iavels. This
objective is accomplished by insuring that the structures will withstand ail internal and

external loading conditions that may reasonably be axpected to occur during the life of the
plant. This includes both the short and long term effects following design basis accidents,

e.g., loss of coolant accidents. Meeting these objectives protects the public health and
safety as well as the ownera’ investment.

These objectives are met by providing a reinforced concrate Shield Building housing a free-

standing Spherical Steel Containment Vessel (SCV). The Shield Building is designed to
protect the SCV against externally generated environmental and missile loads.

Tha System 80+ Reactor Building is composed of the following major parts, which are all

Category I structures:

● Shield Building
● Steel Containment Vessel (SCV)
● Internal Structura
● Subsphere

Each of these parts function with the others to meet the design objectives.

e. Shield Building

The Shield Building provides protection from the outside environment. Itis a reinforced

concreta structure composed of the foundation and exterior walls and designed in
accordance with ACI 349 and 350. The foundation ia approximately ten feet thick and ia
intagral withtha adjacent Category 1 structures. The exterior walls are composed of a
210 ft. diametar right circular cylindar with ahamispherical dome. Theextarior wall

thickness varies from 4 ft. for the cylindrical portion to3 ft. for the hemispherical doma.
The overall building height is approximately 216 ft.

A5-foot annular space is provided between the SCV and Shield Building for structural

separation and to provide accassto tha containment and panatrations for testing and
inspection.

b. ~el Containment Vessel (SCV]

The SCV is a spherical steel shell pressure vessel constructed of formed plate segments

welded together. The diameter of tha SCVis 200 ft. The plate nominal thicknesses 1.75
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inches. The vessel plete is thickened around penetrations to compensate for the opening.

Where there is a cluster of penetrations in the same plate segment, the entire segment is

fabricated out of thicker plate and transition tapered to 1.75 in at the edges. The

additional thickness depends upon the nominal size, thicknass and location of the

penetration sleeve and is in accordance with ASME Code requirements.

The materials are in accordance with Article NE-2000 of Subsection NE, “Class MC
Components, ” of the ASME Boiler and Prassure Vessel Code, Saction Ill, “Nuclear Power

Plant Components. ” The containment plate material is SA537 Class 2.

The SCV is an independent, freestanding structure above grade elevation. Below grade,

the SCV is encased between the base slab of the Internal Structures and a reinforced

concrete pedestal extanding from the Shield Building foundation. No shaar connections

are provided between the containment plate and the Shield Building foundation or the base

slab of the Internal Structures. The lateral loads due to seismic forcas, etc., will be

transferred to the foundation concrete by friction and bearing. No credit is taken for the
reduction of shall stresses from the concreta encasement of the SCV; tharefore, the SCV

plate thickness in the embedded zone is the same as in the free zone. In the transition
ragion (where the SCV emerges from the concrete encasamant), a compressible matarial is
providad to eliminate excessive bearing loads on the concrete as well es to reduce the

secondary stresses in the SCV at this location. The containment plate is also thickened in
this region to accommodate potential corrosion of the plant and to accommodate tha

additional stress in this deflection area during events that pressurize the containment.

Penetration assemblies in the encasad region are surrounded by a compressible material.

The compressible material significantly reduces the shear transfer from the SCV to the

concrete by the penetration assemblies. The compressible material is designed to permit
movament of the SCV plate for all design loadings based on a conservative assumption

that the plate is free to move between the two layers of concrete. The weld connection
between the SCV and the penetration sleeve is designed to withstand the nominal shear

required to compress the compressible material. The compressible material has a useful
life aqual to or greater than the design life of the plant.

The major penetrations to the containment are the equipment hatch and two personnel

airlocks. The equipment hatch is composed of a cylindrical sleeve in the containment shell

and a dished head 22 ft. in diameter with mating bolted flanges. Each personnel airlock
has double doors with an interlocking system to prevent both doors being opened

simultaneously. Remote indication is provided to indicate the position of each door.

Double seals are provided on each door. These penetrations are designed, fabricated,

tested and stamped in accordance with Section Ill, Subsection NE of the ASME Boiler and
Prassura Vessel Code. Provisions are made for performing the required inservice pressure

and leak rate tests.

A fuel transfer tuba penetration sleeve is provided for the transfer tube for transfer of fual

betwaen the fuel pool and the Raactor Building. The fuel transfer penetration sleeve has a
double gasketed blind flange in the Reactor Building.

Mechanical penetrations are treated as fabricated piping assemblies meeting the

requirements of ASME Ill, Subsection NE, and Subsection NC. The process line and fluid
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heada making up the pressure boundery ara consistent with the system piping matariala;
fabrication, inapaction, and analysis raquiramants ara as raquired by ASME Ill, Subsection
NC. All walds on tha procass pipe are accassibla for inspection in accordance with ASME

Section Xl. High anargy Iinas and selected engineered safety systam and auxiliary Iinas
raquire the “Hot Panatration” assambl y which featuras tha extarior guard pi pa for

protection of othar panatrations in the building annular spaca. Other lines are treated as

cold panatrations since a leak into tha annular spaca would not cause a parsonnal hazard

or damage other penetrations in tha immadiate area.

Medium voltage alactrical penetrations through the SCV for reactor coolant pump power
use seaiad bushings for conductor saals. Tha assamblias incorporate dual seals along tha
axis of aach conductor. The low voltage power, control, and instrumantation cablee entar

tha SCV through penetration assamblias which are dasignad to provide two leak-tight
barriers in series with aach conductor. All electrical panatrations ara dasigned to maintain

tha SCV integrity for Dasign Basis Accident conditions, including pressure, tamparature,

and radiation. Doubla barriars parmit tasting of each assambly as raquirad to verify that

tha SCV integrity is maintained.

c. Internal Structur~

Tha Internal Structure is a group of reinforced concrate structural that support tha Raactor

Vassel and primary systam. Tha Intarnal Structura also providas biological shialding for
the containment interior.

The primary shield wall anclosas the Reactor Vessal and providas protection from internal
missilas. The primary shield wall provides biological (radiation) shialding and is dasignad to

withstand tha temparaturas and prassuras following LOCA. In addition, tha primary shiald
wall provides structural support for the Reactor Vessel. The primary shiald wall is graatar

than 6 ft thick.

Tha secondary shiald wall (crane wall) providas support for tha polar crana and protacts

the SCV from internal missilas. In addition to providing biological shielding from the

reactor coolant loops and aquipmant, tha crana wall also providas structural support for

pipa restraints and platforms at various Ievals. Tha crana wall is a right cylinder with an
inside diametar of 130 ft and a height of 118 ft from its basa. The crana wall is 4 ft thtck.

The rafualing pool, when filled with boratad water, forms a pool abova tha Reactor Vessal

to facilitate tha fuel handling oparation without excaading tha accaptabla Iavals of radiation
inside tha Containment. Tha Raactor Vassel flange is parmanantly saalad to the pool floor

to pravant Iaakaga of rafueling watar into the raactor cavity. Tha rafualing pool has tha
following subcompartmants:

● Storage area for uppar guida structure,
● Storage area for core support barral.
. Rafualing canal.

The fuai transfar tuba connects the refualing pool to tha Spent Fuel Pool. Tha shiald walls

that form tha refueling cavity ara graatar than 6 ft thick.
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The operating floor provides parsonnel access for operating functions and providas

biological shielding. Inside the crane wall, the operating floor ia a reinforced concrete slab
with covered hatches aligned with hatches in the two lowar slabs to facilitate maintenance

activities. Outside tha crana wall, tha operating floor consists of steel grating. Thare are

also reinforced concrete floor slabs that connect the crane wall and the primary shield
wall. The concrata slabs provide Iataral stability to the steam genarator and pressurizer

enclosures as well as connecting the primary shield wall and the crane wall.

d. Subso here

The area of the Reactor Building below grada alevation and outside of the containment

mskes up the region referrad to as the Subsphara. The Subsphera allows efficient usa of

space for locating safety equipmant adjacent to the SCV and eliminating excessiva piping
while allowing maximum access to the containment for locating panetrations. This

subsphere houses most of the engineered safety systems external to containment.

3. Nuclaar Systems Annex

The Nuclaar Systems Annax housas thosa raactor auxiliary and control systams not
located within the Reactor Building. It consists of the Fuel Pool Araa, the Control Araa,

Emargancy Diesel Generator Araas, the Main Staam Valve Housas, and

Maintenance/Outage areas.

Tha Nuclaar Syatams Annax is classified as safaty-ralated and Seismic Category I and ia

supportad on a reinforced concrate foundation mat, common to tha Raactor Building. Tha
exterior walls ara reinforced concrete. Interior floora are reinforced concrete supported on

concrete framing. Reinforced concrete walls seperate aquipment and piping systems to
provide biological shielding, floor protection, and protective missile barriars, where

required.

The roof drainage system discharges to the storm and waste water system. Tha Fuel Pool
and Maintenance/Outage Area, floor and equipmant drains which are potentially

contaminated, are sent to the radioactive liquid waste system via the aeratad drain

system.

a. Fuel Pool Area

The fual storage araas for tha plutonium disposition plant are similar to the facilities in tha
System 80+ plant. Howaver, the plutonium disposition mission raquiras that the

configuration be modified to meet the spatial requirements of the mission. The System
80+ plant provides storaga of new and spent fuel assamblias in tha fual storage area of
tha nuclear annex. New UOZ fuel assemblies are stored in dry racks and spent fual

assemblies are storad undar water in racks that provide the capability for placing a fuel

assembly in each cell location when poison inserts are used in the cells. Tha plutonium

disposition plant may hava the antire complement of fuel assamblias for the plant

operating life on site and irradiated bafore any fuel assemblies are shippad from the plant.

This will raquire Iargar undar water storage capacity than is typically available at

commercial plants.
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The requirement for the quentity of storege will be met by eliminating the new fuel dry

storage araa and maximizing the capacity of the underwater pool in the Nuclear Annex.

Due to criticality of the plutonium fuel assemblies, the fuel assemblies will be stored in a

checkerboard pattarn that uses every other cell location. Approximately 1250 assemblies
will be stored in the Nuciesr Annex. The remeining assemblies will be stored in the

auxiliary fuel storege facility which is connected to the Nuclear Annex. The storaga area
in the Nuclaar Annex maintains the envalopa of the commercial plant area to minimize the
impect on the System 80+ design. The auxiliary facility is located adjacent to the annex

and is located on a saparata basa mat.

Tha plutonium disposition plant also includas tha capability to produce tritium. The

Systam 80+ fual handling system design accommodates the production of tritium. The

cask Iaydown araa in tha Systam 80+ plant is designed to suPport reconstitution (rapair)
of irradiated fual assemblies. Tha installation and recovery of the tritium targets requires

similar technology for the disassembly and reassembly of the fual. As the work is dona in

the cask Iaydown araa, tritium targats can be loadad directly into a cask for shipment.
Both tha Nuclear Annax and auxiliary fuel storage facilities includa cask Iaydown araas.

Raceipt and shipment of fuel assamblias can be performad currently with tritium racovery

operations.

The new and spant fuel storaga facilities as well as systems and components diractly
ralated to the fuel storage and handling ara contained in tha fuel storaga area of the

Nuclear Annax. Due to the number of fuel assemblies that requira storaga, additional naw

and spant fuel storage is located in tha auxiliary fuel storaga facility. The storaga of fual
assemblies in the Nuclear Annex is maximized while maintaining the size of tha System

80+ basa mat. Both of these fual storage araas ara Iocatad in safety-related Saismic

Category I structures.

Tha fual storage araas are designad to store the fual assemblies for fiftaan full reactor

cores, which rapresants a total of 3,615 fual assemblies. Additional storaga locations are
allocated for failed fual assamblias and temporary storage of containarizad spent control

elemant assembly rods and spant ICI assambly segments. As tha entire quantity of fual

assemblies may be irradiated bafore full burnup is attained on any of the assamblias, tha
antire storage capacity is located under water in tha fual pools.

The fual pools ara stainless steal-linad reinforced concrete structures within the fuel

storaga facilities. Tha fuel racks ara a saries of monolithic, honeycomb structura modulas,
tha alaments of which ara the individual storage cells. Tha fuel assemblies ara placed in a

checkerboard pattern in tha modules. Call locations not intanded for usa are permanently

blocked to pravent insertion of fuel assemblies. The fuel storage rack modules ara

dascribed further in Saction II F.

The fuel pool in the Nuclear Annax is connectad to the refualing cavity in the raactor

building by a transfer tuba assembly and transfer systam. A sacond transfer tuba and

transfer aystam connact tha Nuclear Annex fual pool to the fual pools in the auxiliary fuel

storage facility. The auxiliary fuel storage facility is Iocatad off of tha basa mat. The
connecting transfer tuba assambly accommodates differential building settlement and
saismic motions.
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The transfer system components, including the fuel upenders, ere Iocsted in censls thst
are connected by gates to the fuel storage pools. The gates ara hinged to close towards

the trsnsfer canals so the watar prassura in the fuel pool helps to seal the gates whan the
canals are drained for equipment aarvicing. Fual cask laydown areas ara elso located

adjacent to the fuel storage pools. These Iaydown areas are also connected to the fuel

storage pools by gatea similar to those used for the transfer canals. A cask washdown

area is located adjacent to the cask Iaydown area to permit the fuel shipping cask to be
cleaned before it is removed from the fuel storage area. Depending on the final

arrangement of the auxiliary fuel storage, multiple cask laydown areas will be provided for
each pool area.

The gates connecting the fual storage pools to the adjacent pools such that the bottom of

the gate ia located abova tha top of the fuel rack modules to ensure water covarage ia
maintained over tha fuel assemblies in the event of a gate failure. Pipe connections to tha

pools are designed to pravent gravity draining of the pools.

The new fuel assemblies are axpected to arrive in shipping casks that ara similar to tha

available PWR spent fuel shipping casks. The new fuel casks are located in the cask
laydown area which is then filled with water. This parmits the new fual assemblies to be

removed from the cask and Ioeded in the fuel racks using the spent fuel handling
machines.

Spaca is provided in the cask Iaydown araa to permit subsidiary fuel activities to be
performed. These activities include irradiated and new fuel inspection, fuel reconstitution,

and replacement of tritium targats. Tha banefits of performing the work is the cask
laydown area are the araa can be drained for equipmant aet up or repair and it is not

necessary to move the equipment over the fuel storage pool. This eliminates the concerns

of moving heavy loada or the crane over tha stored fuel assemblies.

The shipping cask araas are servicad by a bridge crana with a 150 ton main hoist and a

ten ton auxiliary hoist. The crane is used to unload the shipping cask from the transport
vehicla in the raceiving bay and to move the cask through the cask decontamination area

to the laydown area. The crane and building design allows movement of the shipping cask
without lifting the cask above the operating floor. Hardstops prevent movement of the
crane over the fuel storage racka. The bridge crane can also be used to set up equipmant

to perform subsidiary fuel activities in the cask laydown area. A jib crane is located over
tha cask Iaydown area to support subsidiary fuel activities.

Tha fual storage pools, transfer canals and cask Iaydown araas are serviced by one or

more spent fuel handling machines. A separate machine is providad for each fuel storage
pool. The spent fuel handling machines replicata tha refueling machine to tha maximum

axtent possible to permit operating training prior to entering the raactor building for
rafueling. The spant fuel handling machinas are describad in Section II F.

Tha fuel shipping cask decontamination area is approximately sixtaan feet by sixtaan feet

in area. The araa ia lined with stainless steel and the floor is sloped to diract water used

for cask cleaning to a floor drain. The floor drain is connactad to the sump system to

direct the affluent to tha radioactive liquid wasta systam. The floor areas in tha fuel

storage areas and the aquipmant in thase areas could be potentially contaminated during
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operations. Therefore, the floor drains and equipment drains ere piped to a sump vie the

eerated dreins system and ere pumped from the sump to the radioactive liquid waste

system.

The fuel storage area purification and cooling system is described in Section II E.

b. co ntrol Area

The Control Area is a five-story complex, which houses the Main Control Room, the

safety-related battery rooms, cable shafts, switchgear areas, control area ventilation,

technical support center, computer room and Remote Shutdown Room. The Control Area
is isolated from the adjacent areas by reinforced concrete walls to provide environmental

and hazard separation.

The Main Control Room itself will be maintained at a slight positive pressure to prevent tha
ingress of radioactive contamination during and following a postulated accident. Air

intekes are provided from each side of the Nuclear Systems Annex to prevent both intakes

from being exposed to a common environmental hazard.

c. Main Stea m Valve Hous~

The Main Steam Valve Houses are on opposite sides, outside the Shield Building. The
Valve Houses provide shielding for the mein steam and feedwater lines. The main steam

safaty, power operated relief, and isolation valves are located in the Main Steam Valve
House. The Emergency Feedweter (EFW) Storage Tanks ere located beneeth the main

steam and feedwater penetration areas. The Valve House provides environmental and
missile protection for these systems.

d. MeintenancelOutaae Area

The Maintenance/Outage Area is located adjacent to the Fuel Pool Area. This area houses
reactor euxiliary equipment including that of the chemical end volume control system, a

component cooling water surge tank and Nuclear Systems Annex HVAC equipment.
Access is provided for both personnel and equipment to/from ell areas of the Nuclear

Systems Annex through dedicated passage space.

4. Turbine Island Structure

The function of the Turbine Building is to house the components of the steam power plant,

including the turbine, the generator, and associated systems for power generation.

The Turbine Building is located so that the Reactor Building is on the projection of the

turbine shaft, on the high-pressure turbine side. This allows the pipework and cable

routing to be optimized and also minimizes the risk of damage to safety-related equipment
in the Nucleer Island by missiles from the turb!ne or generator, in the event of an eccident.

The Turbine Building has three main floors above the ground level: the ground floor,

mezzanine, and operating floor. Besides these main floors, there are several smaller

service floors.
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The Turbine Building houses the components of the steem power plant, including turbine

ganerator, condenser system, preheater system and general service water systems es well

as the turbine building heating and ventilation system. The main feedwatar pumps, the
daaerator/ feedwater tank, and the condansete pumps, the deaarator/feedwater tank, end

the condensate cleaning plant are arranged in an annex to the main Turbine Building.

The turbine and generator are arranged in the main bay of the Turbine Building. The space
around the turbine is capable of accommodating the dismantled parts of the HP-turbine,

one LP-turbine cylinder and the generator during maintenance. The LP and HP feedwater
heaters are arrangad vertically between the turbine ganerator and the feedwater pump

annex. They can be handled easily by the crane. LP heating of the first stage is integrated
in the condenser neck. The turbine oil and governor fluid tank are located outboard of the
HP side of the turbine foundation on the Turbine Building ground floor. The generator

auxiliaries are arranged in the area below the generator. Tha encapsulated single phase

busbars leave the turbine hall at tha transverse rear wall of the building. The main Turbine
Building crane is capable of lifting the heaviest part, the ganerator stator. The track and

the main opening is at the rear end of the building. A pert load crane which travals below

the main crane is also provided in order to facilitate and to expedite maintenance.

For personnel access, four stairways are provided, and two personnel/light aquipment
elevators. The ventilation air enters the building through intake louvers above ground and
leaves tha building via roof mounted exhaust fans equipped with silencers.

Tha Turbine Building is constructed to conventional standards. The turbina building is 360

ft long, and 164 ft wide. Inlet and outlet cooling water pipes are located on the open
longitudinal side of tha building.

The Turbine Building is a braced steal structure and consists of AISC Type 2 steel framing.

The Turbine Building roof is supported with a truss, which spans across the Turbine-
Generator bay. The roof structure has a horizontal truss system to transmit design loads

to the bracad walls. Tha steel-framad structure has insulated metal siding, matal roof

clacking, and built-up roofing. The Turbine-Generator ia supported at the operating floor

level on a reinforced concreta foundation plate, which is spring-mounted on reinforced

concrate columns; the columns are supported by a mat foundation. The turbine pedestal

structure is isolated from the main building frama. The main building frame structure is
supported on a conventional reinforced concrete mat foundation.

The Turbine Building is classified as non-safety related, and will be designed and
constructed in accordance with the codes and standards established for non-seismic

structures.
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5. Other Plant Structures

a. Gateaow i Structures

(1) Fuel oil PumphouseiTanks

The diesal generator fual oil storage area consists of ona sat of two saven-day fual oil

storage tanks and an above-ground reinforced concrete fual oil pump house for each
diesel.

(2) Component Cooling Water (CCW) Heat Exchanger Structura

Tha CCW Haat Exchanger structura is a rainforcad concrata building, Iocatad close to tha

Ultimate Heat Sink to minimize the amount of Station Sarvice Water piping. Tha structura
housas four componant cooling watar haat axchangars and supporting aquipment. Tha

CCW heat exchanger structure providas physical barriers to maintain divisional separation

of CCWS components and piping for firs, single failure, pipa whip and saismic interaction

af facts.

(3) Station Sarvice Water (SSW) Pump Structure

The SSW Pump Structura housas four pumps and supporting aquipmant. Tha construction

and location ara dependent on tha typa of UHS selected for the plant sita. Tha structure
providas physical barriers to maintain divisional separation of SSWS components.

(4) Ultimate Heat Sink (UHS)

Tha UHS salactad for tha staady is a safe shutdown pond. The siza is nominally basad on

tha EPRI ALWR utilitias raquiremants documant. The salaction of tha UHS may vary basad

on sits salaction. Options include a safe shutdown pond, a spray pond, and mechanical

draft cooling towars. For the multipla unit site it is recognized that size usually limits the
ability to locate individual ponds. It is therefore anticipated that spray array would be
nacessary.

Tha UHS is dasignad to accommodate tha hast loads resulting from all normal and

abnormal station oparating conditions while maintaining the tamparature of tha servica
water systam within its design basis limit.

b. Non Ceteaow I Structures

(1) Radwasta Building

The radwasta building is classified as nonsafaty-ralated. The Radwasta building housas

and protacts components of tha following systems: solid wasta, liquid wasta (portions),
primary grada watar (portions). It also provides structures necassary to the operation of

these systams, including radiation shialds whara requirad.

Tha Radwasta Building additionally providas tha means for ratantion and claanup of
spillaga from vessels containing potentially contaminated fluids, provides a
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decontamination eree and solid waste storega araa. It is a four-story structure Iocetad

adjacent to the fuel building. It is besicelly a steel-framed structure with a reinforced

concreta substructure such that spillege from a pipe or tank rupture will be retained within
the atructura. Tha axtarior walls are insulated metal aiding. Tha roof is stael clacking

covered by asphalt and grevel roofing.

A 30 ton (metric) bridga crane is provided for solid waste drum hendling. A 12 ton

(metric) monorail is alao provided.

Tha roof drainage systam discharges to the storm and weste systam. The building floor

and equipment drains are potentially contaminated and are piped to a sump via the aerated

drains systam and are then pumped to tha radioactive liquid wasta systam.

b. Plant Coo Iina Tower and Circulatina Wate r Pumohouse

The plant cooling tower consists of one natural draft hyperbolic cooling towar par unit.
The tower consists of a rainforcad concrete cooling tower shell, concreta basin, foundation

and support columns, PVC corrugated sheet metal fill, water distribution system, drift

eliminators, lightning protection system and aircraft warning system.

The circulating water pumphouse is Iocatad adjacent to the natural draft cooling towar.

The building housas the circulating water and turbine plant service water pumps. Separate

pump bays are provided for each of the pumps and the bays and flow are constructed of
reinforced concrete.

Tha bottom of the structura is an axtansion of the cooling towar cold water basin. It is

constructed of reinforced concrete. Abova grada the building is a steel framad structure
with a steel deck roof covarad by asphalt end graval roofing. Walls are insulated metal

siding. The structure includes a crane for maintenance of equipment.

c. Stat ion Services BuiMinW

Tha Station Services Building houses the following station equipment and systems:

Water Treatmant

Work Shops

Compressed Air Equipment

The Stetion Sarvices Building is classified as nonsafety-related.

The building is a one-story steel-framed structura with a stael deck roof covered by asphalt

and graval roofing. Walls are insulated metal siding.

Roof drainage and claan floor drainage discharga to the storm and waste water system.

d. Administration Building

This building is founded at grada on a reinforced concrete foundation. It is a two-story
matal-sided building with a structural staal frame and has asphalt and gravel roofing.
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The building is located immediately outside the perimeter fence at the entrance to the
plant, near the sacurity building.

Air conditioning and heating ara providad to maat spacifiad design tamperaturas.

e. Secu ritv Building

This singla-story building is founded at grade on a reinforced concrete foundation. It is a
masonry building with asphalt and gravel built-up roofing.

The Security Building is Iocatad along tha perimatar fenca at tha antrance to tha plant and

is near the administration building.

The guard work area within the Security Building, which controls access to tha protectad

araa, is constructed with the walls, doors, ceiling, floor, and any windows in tha walls and
in tha doors, of bullet-resisting construction.

Tha Security Building ventilation system is providad to maintain tha building within design
temperature limits.

f. Warehouse

This single-story building is founded at grade on a reinforced concrete foundation. Itis a

matal e~closad “building ‘with a structural steal frame and has asphalt and gravel roofing.

Tha approximate building dimensions are 395 ft long by 230 ft and 26 ft high.

9. Fire Protection PumDhouse/la nks

Tha Fire Pumphousa is equippad with two fire pumps, ona alactric-motor drivan, and ona

diesel-engine driven. The building is of reinforced concrete construction.

Roof drainaga consists of roof slopad to drains, Ieadars, and underground drain piping

discharging to the storm and waste water system.

The diesel fire pump is diked to contain major spills from the diesel fuel oil day tank. An

ovarflow siphon and sump pump ara arrangad to discharga drainage to an oil separator
prior to antering tha storm and waste watar system.

h. AuXih3N Boiler Building

The Auxiliary Boilar Building houses the auxiliary boiler and is located directly adjacent to

the Turbine Building and is used to provide steam during startup and shutdown periods.

i. Misce Ilaneous Yarda Structures

Othar miscellaneous yard structures ara provided within the plant boundary. Thesa

structures includa tha seweraga traatmant plant, transformer yard, switchyard, ralay

houses and the gas turbine facility. Also a rail system is provided around tha site
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perimeter with loading/unloading areas at various buildinga to facilitate maintenance and

operation activities.

(5) Additional Station Structures for Pu Consumption

The System 80+ plant design for surplus plutonium disposal and tritium production would

ba expanded to include structural for fuel and target fabrication, fual assembly, irradiation
in System 80+ reactor(s), disassembly of the spent fuel to remove the target pins,
processing the target pins to extract tritium, storage of the spent fuel in the reactor basin,

encapsulating the spent fuel pins in canisters for repository disposal, and preparation for

disposal in the geologic repository. The design of these structures would need to be
furthar developed once final mission requirements are established. Figuras II A-1 through
4 presented earlier illustrate how these added structures can be easily accommodated into

the base design.
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TECHNICAL DESCRIPTIONS

1

II TABLE II-B-1 (Sheet 1)

MAJOR BUILDING FUNCTIONS II
Building BI

1

Nuclear Island Structures

Reactor Building
t

x

Nuclear Systems Annex
k

Fuel Pool Aree (including auxiliery fuel storage fecility)

Control Area

Diesel Generator Area
L

x

Main Steam Valve House

1-

x

Maintenance/Outage Area x

Turbine Island Structures

Turbina Building x

Other Plant Structures

Fuel Oil Tanks end Pumphouse x

Service Water Pumps & CCW Heat Exchenger Bldg. x

LJlis

k
x

Redwaste Building x

Circulating Water Pumphouse x

ding Function

2 3 4

x x x

x x x

x x x

x x

x

x

x x x

x

x

x

x

x x x

x x

bel—

5—

—

x
—

x—

—

x—

x—

x—

x
—

—

—

x—

x—

—

x

d

6

x

x

x

x

x

x

x
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TECHNICA L DESCRIPTIONS

TABLE II-B-1 (Sheet 2)

MAJOR BUILDING FUNCTIONS

Building Building Function (below)

1 2 3 4 5 6

Other Plant Structural (Continuad)

Plent Cooling Tower x

Station Servicas Building x

Administration Building x

Security Building x

Warahouae x

Miscellaneous Yard Structural x

Firs Tanks & Pump Housa x
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TECHNICAL DESCRIPTIONS
TABLE II-B-1 (Sheet 3)

MAJOR BUILDING FUNCTIONS

(1) House and support plent in a safe end suitable environment

(2) Prevent the uncontrolled release of radioactivity to the environment and contain the

ectivity within the building

(3) Provide shielding to the operating staff

(4) Protect the plant within the building from external hazards and environmental effects

(5) Provide sagragation for independent safety systems to provide protection from
internal hazerds and environmental effects

(6) Where appropriate, forms part of the engineered safety systems
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c. REACTOR AND REACTOR COOLANT SYSTEM

The Reactor end Reactor Coolant Systam (RCS) function together to provida tha means for

thegeneration and transferor haatfromthe core and fualtothe staamganerators. The

steam generators subsequently transfer heat totha Main Steam System and the turbine.

Thaadvancad Systam 80+ ALWRdasign hasevolvad from the Systam80NSSS

reference design. The primary objective of this evolutionary design affort has bean to

increase oparating margin in a manner which would anhanca performance and reliability

while preserving tha well proven configuration.

For tha Raactor, the core operating margin has been incraasad by reducing tha normal

operating hot leg temperature, revising core parameter monitoring methods, and bytha usa

of an advanced burnable poison containing Erbrium. The ability to change operating power
Iavel (i.e., maneuver) using control rods only (without adjusting boron concentration intha

Raactor Coolant Systam) has baan provided, simplifying reactivity control during plant load

changes and reducing liquid waste processing requirements.

Improvements have also been made to the RCS. Forexample, thereector pressure vessel

isring-forgad with material specifications that result in a sixty yaarend-of-lifa RT~~~ well

below tha current NRCscraening criteria. Tha ring-forged design results in a significant
reduction in the number of welds (with resulting raduction in inservice inspection) and

eliminates concern for pressurized thermal shock. Also, the pressurizer volume has baen

increased relative to the System 80 design toanhance transient response and reduce

unnecessary challengasto safatysystams. Furthermore, the System 80+ steam
generators include lnconal 690tubes, improvad steam dryarefficiency, andasaventeen
percent incraasein ovarall haattransfer araarelative to Systam 80, and a ten percent
margin for potential tuba plugging. Tha steam generators have a twenty-six percent larger

secondary feedwatar inventory than System 80to axtend the “boil dry” time and improva

system response to upset conditions. Steam generator improvements including Iargar and

repositioned manways, a standby recirculation nozzla, and a redesignad flow distribution
plate hava been made to facilitate maintenance, and to maintain Iongtarm integrity.

The reactor and RCSinclude tharaactor vessel, raactor internals, cora, steam generators,
pressurizer and associated coolant pumps, piping, end valves. Thareara two parallel heat

transfer loops aach containing one steam generator (SG) andtwo reactor coolant pumps

(RCPS). Thepressurizer is connected byasurge line tooneof thereactor vessel outlet
pipas.

Theraactor isanadvancad version of the light watar-moderated and cooled pressurized

watar raactors (PWR) that are operating today. For usa asa Plutonium burner, the fuel is

mixad oxide (MOX) in the form of sintered pellats enclosed in standard Zircaloy tubas.
Fuel akernativas or strategies fortha selected mission objectivesara dascribed in Section
Ill.

Control of the core powar distribution and reactivity is achieved by a combination of fuel
loading pattarn, burnable absorber roddeplation, chemical shim reactivity control, and

selected patterns of control alament assembly (CEA) insertion and withdrawal.
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The RCS arrangement is shown in Figura II-C-1 with a flow block diagram shown in Figura
II-C-2. Reactor coolant enters tha reactor vassal through inlat nozzles, flows downward

between the reactor vessel shell and core barrel, into the lower plenum where flow

distribution is equalized, and then upward through tha core, ramoving haat genarated by
the nuclaar reactor core. Coolant leaves the raactor vessel shall through outlet nozzles and

enters the tube side of the vertical shell economizer steam generators, where haat is

transferred to the secondary system. Staam genarated in tha shell sida of the steam

genarator passas through moisture separators and dryars to ensure that moisture content

at the steam generator outlat is minimized. After leaving the steam generators, reactor

coolant is raturned to tha reactor vassel by limited Iaakage mechanical seal reactor coolant

pumps.

The supports for each of the individual components of the Raactor Coolant System are

designed to form an integrated support system which mitigates the effects of earthquakes,
branch line braaks, and steam line breaka on the RCS. This capability has been achieved

without sacrificing the ability of the Reactor Coolant System to expand thermally with

minimum restraint. The NRC has approvad elimination of design basis pipa breaks in the
main loop piping.

Therefore, there are no pipe whip restraints or jet impingement shields required for the

main loop piping, and dynamic loads due to postulated main loop pipe braaks are not
imposed upon component support structures or other plant equipment.

The design pressure and temperature of the reactor coolant system are 2500 psia and

650” F. The system will operate at a pressure of 2250 psia and has a design lifetime of

60 yeara.

A description of the RCS major components including their function, design basis, major

parameter and operation follows. Also, sae Table Ii-l, for a listing of overall NSSS design

characteristics.

1. Reactor Vessel

The reactor vessel is designed to contain and support the core and fuel. A major

improvement in manufacturing and oparation has bean achlaved through the usa of ring-

forgings. The uae of a forging as opposed to roiled and welded plates used in previous

vessal designa reduces tha number of welds and the overall complexity of tha vessal and

thus reduces fabrication time. Furthermore, the ramaining circumferential welds have been
relocated to areas of lower neutron flux thus enhancing the vassels resistance to brittle

fracture. To further ensure vassel integrity throughout its 60 year design life an analysis

ragarding vessel brittle fracture is performed.

The reactor vessel is designed and fabricated in accordance with the ASME Boilar and

Pressure Vessal Code, Section Ill, Rules for Construction of Nuclear Vassels.

The reactor vessel is comprised of the reactor vassel assambly, supports, level indication

and surveillance specimens.
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a. Reacto r Vesse I Assembly

The Reactor Vassel Assambly (Figure II-C-3) is a vertically mounted cylindrical vesaal with

an integral hemispherical lower head and a removable hemispherical upper closura head.
Tha raactor vassel is fabricated from low alloy staal. Tha intarnal surfaces that are in

contact with the raactor coolant are clad with austenitic stainless steal.

The reactor vessal consists of a vessel flenge, three shall sections (uppar, intermadiata,

and Iowar) and a bottom haad. Tha vassal flanga is a forgad ring with a machined Iedga
on the inside surface to support the core support barrel, which in turn supports the raactor
intarnals and the core. The flange is drilled and tapped to receive the closure studs and is

machinad to provide a mating surface for the reactor vessal closure saal rings. Each shall

saction consists of one 360 degrae forged ring. The bottom head is constructed of a

single hamispharical forging. The thraa shall sactions, tha bottom head forging and vassal
flange forging are joined togathar by walding, along with four inlet nozzle forgings and two

outlet nozzle forgings to form a complate vassal assambly.

The centarlinas of the coolant flow nozzlas are located on a common horizontal plana in

the nozzle shell course. A boss is located around the two outlet nozzles on the inside
diameter of the vessal wall to provida a mating surface for tha internal structure and to

guida outlet flow. This boss and the mating outlat alaeva on the core barrel are machinad

to a common contour to control raactor coolant bypass Iaakaga. The transition section
joining tha nozzla and vessel shell courses is taperad externally.

The closure head is fabricated saparataly sinca it is joined to tha reactor vessel by bolting.

The closure head consists of a head flange and a doma.

The head flange ia a forged ring. The flanga is drillad to match tha vassel flange stud hole

locations, and tha lowar surface of the flanga is machinad to provide a mating surface for

the vessal closure saal rings. Tha doma is constructed of a single hamispharical forging.

The dome and flanga are waldad together to form tha closura haad, and tha control
element driva mechanism (CEDM) nozzles ara welded into tha haad to complata the
assembly.

The studs for the closure head ara tansionad using hydraulic stud tensioners. Flange

sealing is accomplished utilizing silver plated Ni-Cr-Fe alloy salf-energizing O-Rings.

Tha four nozzlas for diract vessal injection (DVI) of boratad watar from the Safety Injection

System are provided near the top of the cylindrical vessel.

b. Reactor Vessel SuDDorts

Tha reactor vessel is supportad by four columns located undar the vassal inlet nozzles (Saa

Figure II-C-4). A pad on aach inlat nozzla provides a surface to which tha column is

boltad. The sides of the pads ara dasignad to mate with the reactor cavity embadment

structura and allow radial movemant of tha vessel during thermal axpansion while

restraining it during aarthquakas and branch Iina pipe breaks.
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The columns are designed to support the vessel and restrain vertical motion during

earthquakes and following branch line pipe breaks.

The lower end of each column terminates in a pad which acts as a keyway in conjunction

with a key welded to the lower head of the vessel. The combination assists in restraining

the vessel during earthquakes. Load transfer from the reactor vassel column to the
building takes place through a bolted joint into an embedment in the concrata.

Tha analyaea and criteria used in the design of the reactor vessal supports consider the

forces associated with a Safe Shutdown Earthquake in combination with a branch line pipa

break, including the asymmetric reactor internals hydraulic forces.

c. Reacto r Vesse I Level Indicat ion

Tha watar Ieval within the reactor vassel is monitored using several methods. The first

method is to monitor vassel weter Iaval inventory using the inadaquata core cooling (ICC)

monitoring instrumentation. The ICC instrumentation contains the reactor vessel level
monitors which use heatad junction thermocouples (HJTCS). The reactor vessel level

monitors provide control room indication of the status of the liquid inventory in the reactor

vassel.

Another mathod of monitoring the weter level in the reactor vassel during refueling

operations is the Shutdown Reactor Coolant Level Monitor (SRCLM). The SRCLM is
dasignad to meat the EPRI ALWR raector vessel Iaval instrumentetion requirement for
measuring coolant level in the RPV during depressurized shutdown conditions, with or
without tha heed in place. The SRCLM measuras tha coolant level with both wide- snd

narrow- range HJTCS and dP instruments.

The SRCLM consists of the piping, valves, transmitter, indicator and other equipmant

required for monitoring reactor coolant level during shutdown conditions. The SRCLM

displays Reactor Coolant System (RCS) Ieval in the control room via the Discrete Indication
and Alarm System (DIAS) and the Data Processing System (DPS).

The SRCLM is permanently attached to the RCS hot leg piping, but is only valved-in during

shutdown operation, thus eliminating the need for blind flanges (and the associated
hookup problems). TM configuration permits valving, testing and maintenance outside

the secondary shiald wall, and indication in tha control room to improva ALARA
considerations.

d. React or Veaael Desian - Material Selection

Tha raactor vessel is fabricated from SA-50S stael forgings with controlled copper, nickal,

sulfur, and phosphorous content in tha beltline region of the vessel.

The cooldown time from operating tamperatura to refueling temperature of 27.5 hours is

not limited by reactor vessel irradiation and the RT~07 shift.
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Likewise, there is no effect on the etertup sequence. Plsnt hestup rate is limited by the
beet input from the pumps. No additional limit needs to be imposed et the end of life es e

result of reector vessel irradiation snd RT No, shift.

2. Reector Vessel Internals

The Reactor Vessel Internals provide the structural support for the cora and fuel located

within tha raactor vessel. The internals also provide for the alignment of the cora with the

CEA’S, CEDMS, and instrumentation, and serva as a shiald to protect the reactor vassal

from radiation damage. In addition, they also accommodate the axpansion and contraction

of the core.

The Raactor Vessel Internals are composed of core support structural and internal
structural. Core support structural are those that restrain the core. All other structures
within the reactor vessel, exclusive of the fuel assemblies, in-core instrumentation, and

control clamant assemblies, ara considered intarnal structural. Core support structural are

designed, fabricated and stamped in accordance with the ASME boiler and pressure vessel

code Section Ill, Sub-section NG.

Tha Reactor Vessel Intarnals end their relationship to the rest of the reactor are shown in

Figure II-C-5. The Raactor Vassel Internala guide the primery coolant through the core.

The core support barrel assambly, in conjunction with the water in the downcomer
annulus, provides a shield for the reactor vessel against radiation damage by the neutron
flux. The core support structures also provides alignment of the core with the control

drives, instrumantation, and tha raactor vessel.

The reactor vessai internals are comprised of two basic components: (1) a core support

barrel assembly and, (2) an upper guide structure essembly. Both assemblies are designed

such that maximum operating stresses are less than the values specifiad in Section Ill,

Sub-section NG of the ASME pressure vessel code, for normal operating and transient
plant conditions. The raactor vessel internals are fabricated from austenitic stainless steel.
A high strength stainless stael holddown ring provides an axial load on the internala to

pravant harmful vibration.

Walded connections are used throughout the design. Full penetration welds, whare
required, ara designed to develop full strength of joined membars.

a. Co e SuoDonr Berrel Assembly

Tha major structural member of the Reactor Intarnals is the core support barrel assembly.
The core support barral assembly consists of the core support barrel, the lower support

structure, and core shroud. The material for the assembly is austanitic stainlass stael.

The core support barrel assembly is supported at its upper end by the upper flange of the

core support barral, which rests on a Iadge in the raactor vessel flange. Alignment is

accomplished by means of four equally spaced keys in the flange, which fit into the
keyways in the raactor vessel ledge and reactor vessel closure head. The lower flanga of
the core support barrel supports, secures, and positions the lower support structure, and is

attachad to this structure by means of a walded flaxural connation. Tha lower support

345-11.wp/cm II-28



PU CONSUMPTION IN ALWRS

TECHNICAL DESCRIPTION

structure provides support for the core by meens of support beems that transmit the load
to the core support barrel lower flenge. The locating pins in the beams provide orientation
for the lower ends of the fuel assemblies. The core shroud, which provides a flow path for
the coolent, is also supported end positioned by the lower support structure. The lower

end of the core support barrel is restricted from excessive radial end torsional movement

by six snubbers which interface with the pressura vessel wall.

b. !4me Gu de Str i ructure

The uppar guide structure (UGS) assembly aligns and laterally supports the upper end of

the fuel assemblies, maintains the control element spacing, holds down the fuel assemblies
during operation, prevents fuel assemblies from being lifted out of position during severe

accident condition, and protacts the control elements from the effects of coolant flow in

the upper plenum.

The upper guide structure consists of a flange forging, suspended from the raactor vessel

Iadge, and a cylindrical shell, waldad to the flange supporting the upper end tube sheat

structure that provides a guide path for individual control rods. The lower end of the tube

sheet providas support and alignment of the upper end of tha Fuel Assemblies. A shroud
assembly within the cylindrical shell provides a guide path for the control element

assemblies (CEAS). The arrangement of the upper guide structure is shown on Figure ll-C-
6.

The uniqua System 80+ tubesheet uppar guide structura allows control assemblies to

serve more than one fual element and permits greater flexibility in selecting rod strength in
relation to the functions performed. Two types of control assemblies are providad,

utilizing four or twelve absorber rods. Four-rod assemblies are used for load maneuvering
end shaping of radial power distribution. This design featura allows use of the same
proven control clamant drive mechanism for all types of control assemblies.

Twelve rods or fingers are used for the reactivity shutdown control assemblies which

bridges five fuel assemblies. This expanded spread of control fingers, permitted by the

dasign of the tubasheet uppar guide structure, provides more uniform and effectiva

reactivity control. This improve method of control rod function is one of the key reasons

for the plutonium capability of System reactors.

c. Flow SkirI

The flow skirt is a cylindrical structure having a large number of holes and located betwean

the core support barrel and lower head of the reactor vessel. The flow skirt provides
coolant flow distribution reduces the pressure drop in the lower plenum region. The flow

skirt is dasigned to withstand the static, cyclic, and shock loads resulting from hydraulic

pressure drop, vibration, and earthquake accelerations.

3. Reactor Core end Fuel

The Reactor Core is designed to generate the required thermal output of 3931 MWt. The

core provides a flowpath for the forcad circulation of coolant to remove heat generated by

the core under all power operating conditions, and for the removal of decay heat by natural
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or forced circulation under shutdown conditions. The fuel contains the fuel rods which are

designed to trensfer the heat generated by fission reactions in the fuel pellets to the
reactor coolant. The fuel also contains poison rods which provide negative reactivity in

the fuel throughout core life in conjunction with soluble boron distributed throughout the
reactor coolant. The heat transferred from the core end fuel ia circulated by the reactor

coolant to the steam generator where the heat is used to generate steam.

The fual rod design provides two barriers to the escape of fission products. The ceramic

pellets operate well below the melting point, and as a result, retain most of the fission
products within the structure of the fuel. The small fraction of released fission products is

contained within the hermetically sealed Zircaloy-4 cladding tube. In conjunction with the
reactor coolant system envelope, the containment, and reactor building, these barriers

provide five barriers against the release of fission products.

The combination of cladding thickness and fuel rod pressurization provides additional
margin to the design criteria regarding internal pressure buildup within the fuel rod and the

structural integrity of the fuel cladding. The positive spring loading feature of the leaf
spring spacer design restricts lateral fuel rod motion and thus prevents fretting, yet allows
free axial expansion of each element. These provisions, combined with the specified
burnup and precise quality control during fabrication, reduce the probability of fuel rod
failure.

The cylindrical control elements are provided with full length guidance in the core and in

the araa of radial flow above the core, and move downward under the influence of gravity
when released. The unique design of the uppar guide structure and control element

assemblies provides exceptional mechanical simplicity, and ruggedness for withstanding

and protecting all control element assembly fingers from the combined effects of seismic
and blowdown loads resulting from a LOCA. This further adds to the reliability of
operation of the reactor protection systems. The control element arrangement provides

ample shutdown margin under all conditions and without restriction of the fuel

management scheme, even with the control element of highest worth stuck out of the
core.

a. co nfia uration

The Reactor Core and fuel for the design is made up of the fuel assemblies including MOX

fuel and poison rods, control element assemblies (CEA) and drives (CEOMS).

The reactor core consists of an array of 241 mechanically identicel fuel assemblies in an

arrangement that approximates a right circular cylinder. The core also includes control

element assemblies (CEAS), in-core instrumentation assemblies, and neutron sources
inserted into the fuel assemblies, together with the reactor vessal internals which support
and position the core and guide the coolant flow. There are no internal shrouds, channals

or poison curtains in the core. This simplifies the reactor design and permits flexibility in

fuel arrangement. All of the structural materiala in the active core zone, including the CEA

guide tubes and the spacer grids, are Zircaloy, which eliminates concern over the
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formation of lower melting point authentic during a loss of coolant accident (LOCA) as a
result of using dissimilar metals and which providea excellent neutron economy.

Figura II-C-7 shows the cross-sectional arrangement of the fuel assemblies as positioned in

the reactor core, end the arrangement of tha core within the cora support structure. Tha
individual components of the reactor cora are described in tha following paragraphs.

Details of the Plutonium burner fuel daaign is included in Saction III-A.

b. Fuel Rod

Each fuel rod consists of dish-ended and chamfered MOX pallats, upper and lower spacer

discs, a cladding tube, upper and lower end caps, and a halical spring. The fuel is
manufactured in the form of pellets having a material microstructure and configuration

which minimizes the effects of fual densification during irradiation. The pellet column
rests on an aluminum oxida spacer disc at the bottom of tha cladding tube, and is bald in

place by a stainlass steel compression spring acting on a similar spacer disc at the top of

tha column. The apaca at the top of the column allows for fual and gas expansion. A cold
diametrical gap of sufficient size is allowed to provide for differential expansion betwagn

the cladding and fuel, which limits clad strain. Net unrecoverable circumferential clad
strain will not exceed one (1) parcent, es predicted by analysis considering clad creep and
fuel-clad interaction effects.

The cladding tube ia slightly cold-worked Zircaloy-4. The ratio of clad thickness to outar

diemeter is large enough to provide sdaquate margin in limiting the maximum short-tarm

cladding atresses to less than tha yield strangth. Tha fuel rods are internally pressurized
with halium to improva both thair reliability and performance charecteristica.

Pressurization results in raduced clad stressas and strains beceuse of a smallar differential

pressure across the cladding and a reduction in pellet-clad interactions. Thus, under
internal pressure and with the relatively Iarga wall thickness, tha cladding tube is

essentially frea-standing. In addition, the high concentration of helium inside tha tube
improves gap thermal conductivity and thus lowers fuel pellat temperatures. Lower fuel

temperatures are beneficial not only with respect to clad integrity at staady state

conditions, but also in the case of transients where paak clad temperature is important.

The end caps ara weldad to tha cladding tubas by en exclusive ABB-CE procasa involving
magnetic force welding. This procass has the advantaga of producing a high degree of

uniformity and consistency of weldment, thus providing a very high degrae of leak

tightness. There are no gas bubbles, as may be found in more conventional methods of
welding, that could lead to weld porosity and leakage. All end cap welds are 100 percent

helium Iaak tasted.

c. Fuel Assembly

The fuel rods are arranged in a 16 x 16 square array to form a fuel assembly, as shown in

Figure II-C-8. The lower end cap of each fuel rod engages tha lower end fittings of the

fuel assembly, which provides Iataral support of the rods. Lateral support and positioning
is maintained throughout the length of tha rods by spacer grids. The upper end of the fuel

rod is frae to expand in tha axial direction.
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Five (5) Zircaloy guide tubes ere welded to the spacer grids end mechanically attached to

the upper and lower end fittinga. Thesa guide tubes ara a kay feature of tha fual assambly
design. Thay provide channals which guide the CEAS ovar their entire length of travel
within the core, as well as space for the in-core instrumantation and neutron sourcas.

Thase guida tubes form the longitudinal structura of tha assambly and offer the advantaga

of simple, rugged construction.

The guide tubes form a closely spaced rapatitive array of water channals throughout the

cora, which parmits the use of ruggad, yat adequately flexible control alemants. Tha usa

of rugged, large-size control elemants simplifies the design and increasas tha reliability of
associated raactor hardware.

Tha fuel spacer grids maintain spacing batwaan the fuel rods and restrict thair movament.
Thesa grids consist of a serias of praformed strips joined in an aggcrate fashion and

welded together. Each fual rod is laterally positioned by two leaf springs which ara

integral with two of tha adjacant atrips. The springs prass tha fuel rod against two stiff

archas, which ara integral with the other two adjacent strips. The grid perimater strips
hava punched-out sections adjacant to the fuai rods to provide local cooling. Although tha

spacar grids position the fuel roda laterally, the rods are still frea to axpand axially.

Tha fual assembly lower and fittings contain coolant flow holas. Alignmant of the lower

and and support of tha assembly is providad by the cora support structure. Lateral
location of the uppar and of aach fuel assembly is providad by tha lower ends of tha

control elament shroud tubes which axtend downward from the alignmant plata which is

part of the guide structura above the cora. Fual assambly positioning is accomplished by

the control alement shroud tube axtensions into which tha fuel assembly extension is

guidad. Tha shroud tube axtansions pravent the assamblias from moving so far upward as

to disangage from the Iowar cora support grid in tha avant of an accidental flow surge.
Holddown springs on tha uppar end fitting raact against tha shroud tuba axtansions

preventing fuel assembly uplift due to hydraulic forces and allowing diffarantial expansion

betwean tha fuel assambly and the core intarnals. The uppar and fitting also serves as the
lifting fixture for tha fual assemblies.

d. co ntrol Element Asse mbliaa 1CEAS1

Control Element Assambliaa (CEA) can ba aithar four (4) or twalva (12) fingarad as shown
in Figure II-C-9. Tha CEA fingers ara fixad to a spider which sarves aa the central support

structure for tha 4- and 12-fingerad CEA assamblias. Tha hub of the spidar also couples
the CEA to tha drive mechanism through the Control Element Drive Mechanism (CEDM)

extension shaft assambly.

Each control element in tha CEA is guidad and shroudad from tha main coolant flow abova

the cora by tha individual control fingar shroud tubes and by the CEA shroud. In-cora

guidance is provided by tha guide tube, which is an integral part of tha fual assambly. Tha
guide tubes ara open naar the bottom to allow entry of coolant. Inlat orifices and control

alamant fingers limit bypass flow through the tubes.

All CEAS used in tha cora design contain neutron absorbing (poison) matarials which

axtend ovar the activa length when fully insarted.
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e. co ntrol Element Drive Mechanisms (C EDM1

The magnatic jack CEDM is a completely sealed, magnetically oparatad linear actuator.

Extarnal coils produce a megnatic fiald, which oparates driving and holding latches. Propar

sequencing of these coils produces tha Iinaar motion of the driveshaft. Using external

driving coils, the mechanism transfers loads with no sliding wear on latching members.

The ganaral arrangement of the magnetic jack CEDM is indicated in Figure II-C-10,

showing the location of the external coils and Iatchaa. The motor housing is of Type 403
heat treated stainlass staal and tha upper pressure housing is austenitic stainless steal.
Tha prassura retaining components ara designed in accordance with Saction Ill of the
ASME Boiler and Pressura Vessel Code for 2500 psi and 650” F.

Position indication is achieved by means of radundant reed switch position transmittal

assamblias (two per CEDM) attached to tha upper pressura housing, and also by counting

power pulsas which actuate the CEDM driving CEAS up or down. Each reed switch

assembly is operated by a magnat in the uppar and of the driveshaft. Traval is Iimitad by

reed switches which actuate upper and Iowar electrical limit relays. The travel is also
Iimitad by tha Iangth of the toothed section of the drivashaft which is designed to prevent

the extansion shaft assembly from being driven into tha prassure housing.

All electrical connections ere meda at the top of the mechanism with pin type stainlass

steal alactrical connectors. A shroud surrounds the upper prassura housing enclosing tha
reed switch position transmitter assemblies, providing additional structural support for the

CEDM, and sarving as a lifting davice for ramoval of tha coil stack assembly for inspection
of the pressure housing.

The CEDM motor housing is completely saal welded to prevent leakage during operation.

However, the design of tha CEDM facilitates sarvice of its internals. The top seal on the

motor housing is designed to permit removal of tha CEDM intarnals by remotely cutting

(and rewelding) the prassure housing. The lower saal and attachment to the vessel nozzla
will not be disturbed for any normal mechanism maintenance or inspection but is dasigned

for housing raplacemant, should a housing becoma damaged.

f. Thermel and Hvdraulic Desian

The core is designed with sufficient margins to departure from nucleate boiling (DNB) and

canter fual malting undar normal and transient conditions to provide highly raliabla reactor

performance. The reactor control and protective systams provida for automatic trip or

other corrective action before these design limits are reachad.

9. E!.fwto r Coolant Flow

The coolant flow path can be traced by referring to Figure II-C-5. Coolent enters inlet

nozzles and flows in the annular region (downcomer) betwean the raactor vessel and core
support barrel. It than flows downward and entars the Iowar plenum through the flow

skkt.
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The flow skirt acts on the coolant to provide a nearly uniform radial distribution of flow

into the lower plenum. The flow then proceeds upwards through the bottom plate and

core support structure, which further smooth out the flow and provide a nearly uniform
flow distribution into the core. After passing through the core, the coolant enters tha

uPper plenum region and flowa outward through the uppar guide structure tube bank. The
tube sheet upper guide structure provides individual protection to each control fingar from
vibration and other hydraulically induced forces, yat permits adaquata area between the

shrouds for coolant flow.

h. Maximum Fuel Temr)erature

Fual will be operated at all times at a temperature substantially below tha melting point of

- 2800° C ( - 5000° F). As a first approximation, the tamparatura risa in the fuel above the

coolant tamparature is proportional to tha Iinaar haat releasa rata, which is ganerally

expressed in terms of kilowatts per foot.

i. ~r ecto Control Characte csristi

Raactor power increesas or dacraases with reactivity insertion or removal. Reactivity
insertion may be accomplished by Control Element Assembly (CEA) withdrawal, dilution of
raactor coolant boron concentration or, to a lesser dagrae, by raduction of raactor coolant

average temperature. Conversely, reactivity is removed (negative reactivity inserted) by

CEA insertion, increasing tha reactor coolant boron concentration, or increasing the reactor

coolant average temperature.

Very slow but ultimately very large changes in reactivity may be made by adjusting the

boron concentration. This means of changing reactivity is normally used to compensate
for fuel burnup or to override fission product buildup and is manually controlled by the
raactor operator.

Changes in reactor power in response to changes in turbine load are accomplished
automatically by maans of regulating CEA movament. No change in soluble boron

concentration is necessary. Tha Raactor Regulating System (RRS) senses raactor powar,
reactor coolant temperatures, and a load reference (usually turbine power) and providas

signals to the controlling CEA group demanding direction and speed of movement, if
raquired.

Aftar a load change, the RRS brings the reactor to a naw steady-stata power Iavel.

Simultaneously, reactor coolant average temperature is adjusted to a value programmed
with reactor power to maintain design steam conditions. Average temperature is then

allowed to “float” about the programmed value within a dead band to take advantage of
tha raactor coolant temperature reactivity effact, which providea a negative feedback loop.
This effect stabilizes reactor power, eliminating the need for frequent CEA movement.

CEA position monitoring is performed by two diverse and independent indication systems.
One system consists of reed switch assemblies (two independent stacks per CEDM)

attachad to the CEDM upper pressure housing. The reed switches are operatad by a

magnet in the upper end of the driveshaft and act to add or subtract resistance in a

voltage divider network. A voltage signal proportional to CEA position is thereby
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generated and is displayed to the operator in bar-graph form on a vidao display unit. The
other system utilizes the plant computer to count “RAISE-LOWER” pulses to the CEDMS.
Position is displayed by means of digital indicators and by printouts.

Rreacto Core Monitoring

The In-Core Neutron Monitoring System is used to determine the neutron bahavior within

the reactor cora. Tha systam is comprised of a Fixad in-Cora Datactor System (FICDS)

which ABB-CE has provided for its pressurized water reactors over the last twenty years.

Tha FICDS utilizes rhodium salf-powerad neutron detectors (SPNDS) to parform continuous

on-line monitoring of the flux distribution in the reactor core which is used in the

calculation of othar important core parameters such as paak Iinaar haat rates, axial power

distributions, azimuthal tilts and limits to departure from nucleate boiling (DNB).

The FICDS has significant advantages for reactor core monitoring over a system which

uses ex-core detectors in combination with a movable in-core detector flux mapping

system. The basic advantage of using fixed instaad of movable in-core detectors is that
fixed detectors allow the core powar distribution to be observed on-line and can be used

continuously for core monitoring. Movable datectors permit only periodic observation of

the core powar distribution, and allowance must be made for changes between
observations. Further, by using information from in-core rathar than ex-core detectors to
monitor the core, greater accuracy is achiaved, which yields increased margins to tharmal

limits. These margin gains can ba translated into one or mora of the following: highar

allowable powar Ievala or peaking, additional operating flexibility, and additional flexibility

in fuel management.

In addition to tha FICDS, an optional Movable In-Core Datactor System (MICDS) is
available which providaa radundant and diversa core power distribution information. Tha

MICDS includes two movabla miniature fission chambers, movable detactor signal

conditioning equipmant, and the movabla driva system hardwara and software.

4. Steam Generators

The two vertical, U-tube steam generators in the NSSS provida tha means of transferring
heat from the primary system (i.a., Reactor and RCS) to the sacondary system (i.a., main

steam, turbina and feed and condensate systems. ) Ona steam generator is Iocatad in each
loop.

Each staam genarator is a recirculating, vertical, U-tuba haat axchanger with an intagral

axial flow economizer as shown in Figura II-C-1 1.

Both primary tuba and sacondary shall sides of the steam genarator ara designed and
fabricated in accordance with ASME Boilar and Prassure Vassel Coda Saction Ill, Rules for

Construction of Nuclear Vaasals.

Reactor coolant enters the steam generator inlet plenum via the primary inlet nozzle, flows

up through the tubesheat and U-bend heat transfar tubing, returns through tha tubesheet

to the steam genarator outlat plenum and exits via two outlet nozzles. Vertical divider

plates separate the primary inlet and outlat planums of the steam ganerator. All surfaces
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in contact with reactor coolant are either Ni-Cr-Fa alloy or are clad with steinless steal or

Ni-Cr-Fe alloy. Specifically, the heat transfer tubes ara mada with thermally treated Alloy

690. The tubesheat cladding is weld deposited to obtain the strongest typa of
metallurgical bond. Tha center support cylinder minimizas banding momants on the

tubesheet, and provides e solid assembly for distribution of support loads. Large manways

(21 in.) are provided in the two plenums.

The Alloy 690 heat transfer tubes are connected to tha tubeshaat by first being seal
weldad to the primary side cladding and than “explanded” (i.e., “explosively axpanded”)

into the tube shaet by detonating an explosive contained in a plastic sheath inserted into

the tube. The detonation applies a uniform force throughout tha thickness of the

tubeshaet. In contrast to mechanical rolling procasses, there is no scoring or local thinning
and minimal springback of the tube material. “Expansion” through the full tubesheet
thickness also minimizas the potential for solids collection and crevice corrosion by

eliminating the gap between tube and tubasheet on the secondary side.

The integral axial flow economizer is shown in Figure II-C-12. Figure II-C-13 shows a

cutaway view of the economizer ragion.

The economizer increases the cold leg sida temperature difference for heat transfar by
bringing relatively cold feedwater into contact with the primary outlet or cold leg side of
the tube bundle. Feedwater enters the aconomizar region via tha two main feedwater
nozzlas. This feadwater is introduced into a distribution box of rectangular cross section
which forms a half ring around the cold leg portion of the tube bundle. Faadwatar Iaavas

the distribution box through uniformly distributed holas at the bottom and than flows
radially inward across the tubasheet benaath a flow distribution baffla. Tha flow

distribution baffle is dasignad to provide a uniform axial mass velocity of feedwater at the

economizer inlet.

Above the flow distribution baffle, feedwatar flows in axial countarflow through the tube

bundla until heated to saturation. Tube supports in this region have the ABB-CE

“e99crate” dasign. A divider Plate is mounted in the tube lane between the hot and cold
leg sides to separate tha aconomizar half (cold lag side) of tha lower cylindrical section
from the evaporator half (hot leg sida). Tha divider plate is attached to the lower pressure

shall and to a center support cylinder by tongue and groove joints so that there is no

structural interaction with the secondary shall under pressura and tharmal deflections.
Localizad, statically indaterminata strass problams with the pressure shell are therafore

avoidad. (A similar design is also used for tha divider plata separating inlat and outlat
plenums of the primary haad).

At the top of the economizer section, the feedwater, having been heated to saturation

conditions, mixes with recirculating watar in tha evaporator section of the tube bundle. In

tha evaporator, heat transfer by nuclaata boiling occurs as the secondary fluid flows

upward through the tube bundle, continually increasing in staam quality. Quality at the

tube bundla axit is approximately 30 percent. Unitized steam-water separatora (Figura 11-
C-l 4) mounted on a clack plate at the top of the tube bundla shroud saparata the steam
from the two-phase mixture, with tha steam flowing upward through a secondary staga of
staam-water separators or steam dryers (Figure II-C-15) and leaving tha staam generator
essentially dry (bettar than 99.75 percent quality).
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Watar ramovad by the steam separators recirculates into the evaporator section through

an annular downcomer formed by the pressure shell and the tube bundle shroud. Tha

downcomer and tube bundle shroud are designed so that approximately 60 percent of tha
recirculating water entars the bundle at the tubesheet on the hot leg side and

approximately 40 PerCant anters through an opening in the shroud on the cold leg sida at
tha top of tha economizer saction. In this manner, density differences betwean tha hot leg

(evaporator) side and the cold leg (economizer) side are reduced at the level of tha
economizer discharge, and the potential for lateral density wave instabilities is minimizad.
The net recirculation ratio (total evaporator mass flow to steam flow) is typically graatar

than 3.5 to 1.

Two feedwater inlat systams, one Iocatad in the economizer ragion and the other in the

uppershell region, are providad for the steam generators. In the economizer ragion of tha
lower shall, two (2) 14-inch main faedwater nozzles supply feadwater to the economizer
water box. Two nozzles are desirable for optimum flow distribution to the economizer,

however no special control of feedwater split between these nozzles is required. In the

uPPar shell, a downcomar faadwater nozzla which connects to an intarnal distribution ring
is supplied. Feedwater discharges through flow holes on the top of tha internal ring.

Tha downcomer feedwater nozzle and internal distribution ring have several functions. At

very low power Ievals, whan faedwater heaters ara not yet effactive due to lack of turbine

extraction staam, main feedwatar flow is admittad only through the downcomar feadwater
inlet to pracluda thermal shock to tha pressure shell and economizer water box parts. In

addition, cold amergancy feadwater entering the steam generator during certain transiant

conditions is admitted through this path.

At full power approximately 10 parcent of feedwatar flow is admitted through tha

downcomer feedwater nozzla into tha downcomer section. With partial feed flow to the

downcomer, a degree of subcooling is obtained in the downcomer, promoting an incraasad
recirculation ratio. Even without subcooling in the downcomer, recirculation ratios of 3.5

to 1 are axpected in the steam generators. Introduction of faedwater into tha downcomer
will also retard boiling of tha recirculating flow antering tha evaporator region, further
improving hydraulics in this region.

Tha flexibility provided by the downcomer faedwatar inlet nozzle and internal distribution
ring allows maximum protection for the staam generator during start-up and amargancy

conditions, and maximum thermal efficiency during power operation.

Tha tuba support dasign provides maximum reliability in that protection from tube damage

due to mechanical or flow-induced vibrations, or combined seismic and accident

conditions, is providad, while of faring minimum resistance to steam/watar flow in the tube

bundla. Tube supports in the economizer and straight tuba portions of tha evaporator

employ tha ABB-CE eggcrate design, which provides maximum open flow area. Particular

attantion is davoted to flow patterns and valocitias at feedwatar and recirculating watar
inlet ragions which historically have baan susceptible to vibration problams in heat

exchangers.
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lnthe U-bend region, thesamaprocassof designing with experimantelly verified methods

isapplied tothetwo-phase steam and watar flow region. Figuras II-C-16 and II-C-17

show a detail of tube supports in tha U-band region.

Vartical support strips betwaanaach psnalof tubas interlock with horizontal support strips
to provida support against in-plane and out-of-plana flow vibrations, and to rastrain the

tubes from axcessiva bending during combinad LOCA and seiamic incidents. Some of the
vertical strips are attached to support beams welded to the tube bundle shroud, providing

rastraint during steam line braakaccidantsin combination with seismic loadings.

Tha grid typa eggcrate tube support systam offars considerable advantages from a

hydraulic standpoint. Because oftharelativaly open eggcrate tube supports present in the

design, localized cravicas adjacent totubesurfaces ara not formed. Tha tube support
systam for the steem genarator provides a minimum of potential localized steam blanketad

araas, such as might ba presant in the annular gaps between tubes and drillad support
plate holas. Theopenflowaraaof each aggcrata support isapproximately 69 percant.

The large open flow area avoids tha accumulation of boiler watar daposits by eliminating
local flow eddias and flat surfaces presant in othar commonly usad tube bundle supports.

Avoiding the accumulation of corrosion products helps to avoid tha concentration of acid-

producing chlorida salts which inpaststaam ganarator dasigns haalad to accelerated

carbon stael support corrosion and subsequent tube denting.

Tha tube support material usad for both horizontal and vertical grids is ferritic stainlass

steel. This material isamployed due to its high resistance toganaral corrosion and
thinning. Ferritic stainlass is preferable toaustenitic stainlass because the coefficient of

thermal expansion is more compatible with carbon steal and Inconel.

The steam generators usa a zaro solids (i.a., all volatila) feedwater treatmant for chamistry

control. Volatila chamistry control is spacifiad to minimize tha solids contant of the watar.

Internal chemistry sampling systems are provided forthehot legandcold leg side of each
steam generator tube bundle via the blowdown Iinas. In addition, a final sample point is
provided inthedowncomer shell.

Inadditionto the use of volatila water treatment chemicals, continuous steam generator

blowdown isspecified to furthar minimiza thasolids content of thewatar. The steam

generator dasignincludas both hotandcold lag blowdown lines. Thatwolines are similar

and consist of rectangular ducting which runs down tha tuba lana and around tha cantar
support cylindar atthe tubasheet elavation (Figura II-C-18). Blowdown fluid enterstha
duct through holes located atthaoutside radius oftha curved portion located adjacent to
the canter support cylindar. This is the region of Iowast horizontal valocity across the

tubesheet where settling of heaviar solid particles is most Iikelyto occur. The duct

terminates beforaraaching thegenarator shall and flow isdirected through drilled passagas
in tha tubesheet exiting at tha blowdown nozzles. The steam genarator internal blowdown

ducts and passagas aresized toaccommodata upto a maximum blowdown rate of

approximately 10 parcent of the individual steam ganarator’s maximum steaming rata.
Theconnacting steam generator blowdownsystam providas themeans to quench, collact,
end purify the blowdown fluid.
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The steam ganerator design faaturas dual 28-inch main steam outlat nozzlas aach

containing intagral flow alementa for uae in steam flow maesuremant and to restrict steam
flow in the unlikely avent of a staam line braak.

A conical skirt weldad to tha bottom head of tha staem ganerator provides a bolting
surface for a heavy staal support plate (Figura II-C-1 9). Machinad cutouts in the plata act

as keyways for embedded keys which restrict horizontal motion of the steam generator

during earthquakes. Low friction baaring plates at tha intarfaca between keys and

keyways are utilized to minimize resistance to thermal expansion.

Tha plate rests on four horizontal spharical low friction baarings on which the steam

generator slides during thermal axpansion of tha system. Spharical baarings ara usad to
simplify araction procaduras and to ansure a uniform baaring surface when the steam

generator rotates from a true vartical position during tharmal axpansion. Tha dasign
incorporates shims batwaan tha keys and keywaya. The shim sizes are salected after

welding of connecting piping to allow motion of the ganerator without causing tha plate to

contact the kays.

Tha uppar staam ganarator supports provida horizontal rastraint for tha staam ganarator

during earthquakes and following postulated branch line pipe breaks. Low friction baaring

platas at the keys minimize resistance to thermal expansion.

Tha snubber assemblies ara designad to taka advantega of tha low resistance of tha
snubbers to slow movament and, by means of the mechanical advantaga of tha Ievar,
rasist Iarga forcas and responses associated with earthquakes and branch line pipa breaks.
Branch line pipe breaks considered are those postulated aftar application of tha laak-

before-braak methodology.

5. Pressurizer

The pressurizer maintains RCS oparating pressure and, in conjunction with the CVCS,
compensates for changes in reactor coolant volume during load changes, haatup, and
cooldown. During full-powar operation, the pressurizer is about one-half full of saturated

steam.

RCS pressure may be controlled automatically or manually by maintaining the tamparature

of the pressurizer fluid at the saturation temparatura corraaponding to the dasired system

pressure. A small continuous spray flow is maintained to the pressurizer to avoid
stratification of prassurizar boron concentration and to maintain the temperature in the
surge and spray lines, tharaby reducing tharmal shock es tha apray control vahras opan.
An auxiliary spray line is providad from tha charging pumps to permit pressurizer spray

during plant heatup, or to allow cooling if the reactor coolant pumps are shutdown.

During load changes, the praasurizer limits pressure variations caused by expansion or

contraction of the reactor coolant. Tha evaraga reactor coolant tamparatura is

programmed to vary es a function of plant power Ieval. Raduction in RCS load is followed

by e dacraasa in tha evarega raactor coolant tamparatura to tha programmed value for the
lower power level. The resulting contraction of the coolant Iowars the pressurizer watar
Iaval, causing the RCS prassura to dacraase. This pressura raduction is partially
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compensated by fleshing of pressurizer weter into steem. All pressurizer haaters ere

automatically energized on low system pressure, generating staam and further limiting any
pressure decrease. Should the water Ieval in the pressurizer drop sufficiently below its

satpoint, the letdown control valves close to e minimum value, and additional charging

pumps in the chemical and volume control systam are automatically startad to add coolant

to the system and rastore pressurizer level.

When staam demand is increased, the average reactor coolant temperature is raised in

accordance with the coolant temperature program. The axpanding coolant from the
raactor coolant piping hot leg enters the bottom of the pressurizer through the surge line,

compressing the steam and raising systam pressure. The increase in prassure is

moderated by the condensation of steam during compression and by the decrease in bulk

temperature in tha liquid phase. Should the pressura increase be large enough, the
pressurizer spray valves opan, spraying coolant from tha raactor coolant pump discharge

(cold leg) into the pressurizer steam space. The relatively cold spray water condenses
some of the steam in tha steam space, limiting tha system pressura incraase. The
programmed pressurizer water level is a temperature dependent function. A high level

arror signal, produced by an in-surge, causas the letdown control valves to opan, ralaasing
coolant to the chemical and volume control systam and restoring the pressurizer to the
programmed level. Small pressure and primary coolant volume variations are

accommodated by the steam voluma that absorbs flow into tha pressurizer and by the
water volume that allows flow out of the pressurizer.

A number of the heaters are connected to proportional controllers, which adjust the heat

input to account for steady state losses and to maintain the dasirad steam pressure in the
pressurizer. The ramaining heatars ara connactad to on-off controllers. Thasa heaters are
normally deenargized but are automatically turnad on by a low pressurizer pressure signal

or a high level error signal. This latter feature is provided since load increases result in an
in-surge of relatively cold coolant into tha pressurizer, theraby dacraasing tha bulk water

temperature. The CVCS acts to restore Iavel, resulting in a transient pressure below
normal operating praasura. To minimize the extent of this transient, the backup heaters

are energized, contributing more heat to the water. Backup heaters are deenergized in the
event of concurrent high-level error and high-pressurizer pressure signals. A low-low

pressurizer water level signal deenergizes all heaters before they ara uncovered to pravant

heater damage.

The RCS pressurizer is a vertically mounted, bottom supported, cylindrical pressure vassel
(Figure 11-C-20). Replaceable diract immersion alactric heaters are installed vertically in the
bottom haad. The prassurizar is furnished with nozzles for spray, surga, safety valves,

and pressure and Iavel instrumentation. Tha pressurizer surga Iina is connacted to one of

the reactor coolant hot legs and the spray lines are connected to two of the cold legs at

the raactor coolant pump discharge.

Design and fabrication of the pressurizer conform to requiramants of tha ASME Boiler and

Pressure Vessel Coda, Section Ill, Rules for Construction of Nuclear Vessels Class 1. The

pressurizer heaters are single unit, direct immarsion heaters that protrude vertically into the

pressurizer through Inconal 690 sleaves weldad in tha lower head. Each heater is
internally restrained from high amplitude vibrations and can ba individually removed for

maintenance during plant shutdown. Protective devices for pressurizer heaters are
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provided to prevent damage by overloads and short circuits. These devices are usually

located in the heater switchgear.

The pressurizer is supported by a cylindrical skirt welded to the bottom head of the
pressurizer. The skirt ends in a flange which is drilled to accept anchor bolts. Four keys

welded to the upper portion of the pressurizer shell mate with structural keyways to give

additional support to the pressurizer during seismic, safety valve actuation, and following a
branch Iina pipe break.

6. RCS Overpressure Protection

Overpressure protection of the RCS is provided in accordance with the requirements set

forth in the ASME Boiler and Pressure Vessel Code, Section Ill. Four (4) spring-loaded

safety valvas installed in piping connected to the top of the pressurizer are provided. The
valvea have an anclosed bonnat and a balanced ballowa to compansata for backpressura.
Tha valves are sized to pass sufficient pressurizer steam to limit the reactor coolant

systam pressure. The pressurizer safety valves discharge to the in-containment rafueling
water storage tank (IRWST) whera tha steam is released under water through spargers to

be condensad and cooled. If tha steam discharge exceeds tha capacity of the IRWST, it ia
ralieved to the containment atmosphere via vents installed in the tank.

The pressurizer safety valvea are qualifiad for all fluid conditions expectad during normal,

transiant, and accident operationa. Operability of the valves is based on the results of tast
programs such as those conducted by EPRI for safety and relief valvas. Tha set pressura

of individual pressurizer safety valves is adjustad using staam, and seat Iaakage is checked

using nitrogen or steam.

Indirect indication of pressurizer safety valve Ieakaga is provided by a decrease of

pressurizer pressura and pressurizer level, monitorad by safety-grade instrumentation.

Positive indication of pressurizer safety valve position by acoustic monitoring of flow is
providad in tha control room. Tha sansing instrumentation is environmentally qualifiad to

function in a post-LOCA environment in accordance with Regulatory Guide 1.89. A plant

annunciator alarm is provided to indicate valva opaning. The valve position
instrumentation is powarad from a reliable instrument bus with Class 1E backup power.

The system is designed to meet tha intent of the requirements in Regulatory Guida 1.97,

Revision 3. In addition, temperature sensors are provided in piping downstream of tha

safety valves with displays in the control room. A temperature increase will indicate
pressurizer safety valva leakage.

In sizing the pressurizer safety valves, it is assumed that loss of load doas not trip the

reactor, but that a delayed reactor trip does occur due to a high pressurizer pressure
signal. Tha pressurizer safaty valves are sized to protact the reactor coolant system

against overpressure in this incident. No credit is taken for the action of pressurizer spray,
letdown, heat transfer to the pressurizer, or steam dump.

The design basis conforms to the applicable sections for the ANS Nuclaar Safety Critaria
for tha Dasign of Stationary Pressurized Water Raactor Plants preparad by the ANS-51
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Subcommittee. These sections complement Section Ill of the ASME Boiler end Pressure
Vessel Code.

7. Reactor Coolant Pumps and Motors

The Reactor Coolant Pumps and Motors provida the motive force for circulation of the heat

trensfer medium (i.e., reactor coolant) from the raactor to the steam generators during
verious modes of plent operation including stertup, maneuvering and shutdown.

The Reactor Coolant Pumps and Motors provided for the design are highly reliable with
respect to preserving seal integrity during various events including station blackout (SBO).

The raactor coolant is circulated by vertical, single staga, single bottom suction, single

horizontal discharge, centrifugal pumps (Figure II-C-21 ). The pump shaft is sealed by

controlled leakage mechanical shaft seals and driven by a vertical AC induction motor.

The pump rotating assembly is mounted in a diffuser type pump casing. The pump casing
is a one-piece design in accordance with applicable sections of Section Ill, ASME Boilar &
Pressure Vessel Code. The one piece casing reduces the ASME Section Xl examination
requirements to only the welds between tha pump casing and the suction and discharge

nozzle extension pieces and other minor items. The pump impeller is face spliced and
locked to the pump shaft. The lower portion of the pump rotating assembly is supported

by a self-aligning water lubricated bearing mounted in the pump cover and above the
impeller. Additional shaft support is provided by oil lubricated tilting pad radial and thrust

bearings mounted on the pump shaft and in the motor. The motor is coupled to the pump

by a flexible diaphragm type coupling.

The shaft saal system consists of two mechanical face seals mounted in series with

controlled bypass leakage to provide equal pressure differential across each seal. The seal

system reduces reactor coolant system pressure to the volume control tank pressure.

Each mechanical saal is designed to withstand full system pressure should the other seal

fail. A back-up vapor seal is located above the mechanical seals to prevent liquid or

gaseous leakage from escaping to the containment. The back-up seal normally operates
against volume control tank backpressura but is capable of sealing against full systam
pressure in the static condition and during coastdown, following failure of the main seals.

The temperature of tha water in the seal assembly is maintained within acceptable limits

by externally supplied seal injection water. Water cooled heat exchangers are also
furnished to provide the necessary cooling should seal injection fail. The pump is capable

of operating continuously without seal injaction or without cooling water to the pump seal

water coolers. If both normal seal injection and component cooling to the pump seal water

coolers are lost, a dedicated positiva displacement seal injection pump supplies cooling
water to the seals. If this water supply is also lost, the pump must be shutdown. If

component cooling water to the oil lubricated bearing cooler is lost, but seal cooling is

available by either seal injection water or seal component cooling water, the pump can

operate for up to ten (1 O) minutes without damage before shutdown is required. Once

shutdown, the seals are capable of withstanding the effects of a loss of all cooling water
without creating a small break LOCA.
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The capability of ABB-CE RCP seela to withstand verious loss of cooling events including

loss of CCW and S1, and still maintain their integrity is demonstrated through factory

testing. Seal integrity has also baen confirmad through an actual operating event. During

pump testing various loss of cooling and seal injection events are performed. Furthermore,

an operating event occurred at a plant whereby the seals experienced a total loss of both

CCW and S1 and continued to maintain their integrity, while sustaining no damage. This

particular event was potentially more severe than the coping criteria for station blackout
because the RCP was operated without cooling for 10 minutes before the pump was

shutdown.

In addition to demonstrated RCP seal integrity undar both normal and off-normal operating

conditions, the RCP seals can be installad or removed without draining the reactor coolant
system or tha pump casing, or ramoving the motor, during refueling operations. A seal

removal crane is furnished for mounting in the motor support stand. The crane is used for
ramoving tha shaft coupling and the individual seal assemblies. Estimated tima for

changing the entire seal assembly is six (6) hours. Actual seal change time is dependent
upon tha dagraa of training of the maintenance personnal. The seals hava a design life of
20,000 hours, and ere the only major item requiring periodic maintenance. Performance of

the seals ia monitored by pressure and temperature sansing devices installed in tha saal

assembly. Controlled bypass leakage is also monitored by a flow measurement device.

The motors ara sized for continuous operation over the design flow range with 1.0 to 0.74

specific gravity water. The motors are dasigned to start and accelerate to operating speed

undar full load with an initial drop to 80 percant of rated voltage at the motor terminals.
Each motor is provided with an anti-reverse rotation device, daaigned to withstand aach of

tha following conditions: motor starting torque resulting from reversed power leads;
reactor coolant flow through the pump in the revarse direction of up to 52 percent of rated

capacity with tha motor daanargized; and reverse flow due to LOCA of sizes up to tha
largest remaining pipe break after application of Iaak bafore break methodology.

The motor is furnishad with a flywheel to provida sufficient coastdown flow for core

cooling following a loss of powar to the pumps. The flywheel design and manufacture is
based on applicable requirements including an overspaed test at 125 percent of ratad

spaad. The pump rotating assambly, including the flywheel, is designad to withstand tha
overspeeds resulting from a LOCA up to the largest remaining pipe break after application

of leak before break methodology without generating missiles.

An air-to-water heat axchanger is furnished on the motor to absorb the motor heat load

and thareby reduce the cooling requirements to the containment ventilation system.

Temperature sensing devices are furnished for monitoring stator temperatures and oil
Iubricatad bearing tamparatures.

The portion of the reactor coolant pump designed to ASME Section Ill is examined by
radiography to the specifiad acceptance criteria during the manufacturing process. The

design of the RCP permits access for the examinations required by Saction Xl. This design

does not require the use of speciel tools, instrumentation, indicating devices, switches,

etc. beyond those required to do the UT examination.
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All rotating parts of the pump are statically and dynamically balancad. All pump
assemblies ara full scala performance tasted in the vendor’s shop in accordance with the

Standards of the Hydraulic Instituta to varify hydraulic performance as wall as tha ability

of the pumps to function as raquired by the specifications. The vibration Iavels are
monitorad during this tast.

The raactor coolant pump supports (Figure II-C-22) are dasignad to pravent significant
motion of the pump during an aarthquaka and following branch line pipe breaks. The

pump assembly, including the motor, is a relatively sansitive component which cannot

tolerate large forcas due to thermal axpansion. The support dasign therefore
accommodates tha oparating requiramants of the pump assembly whila providing rastraint
for abnormal conditions.

A skirt bolted to the pump casing provides attachment points for tha four vertical columns
which support tha pumps. Each column is fittad with a ball and socket connection at both

ands. This allows eech column to act indepandantly during tharmal axpension. The result
is an articulated support which does not impose significant forces during thermal

axpansion, but which provides vertical support for tha pump during aarthquakas and
following branch Iina pipe breaks.

Horizontal support is provided by four horizontal columns, articulated in tha same manner

as the vartical columns, and by a systam of horizontal snubbars. Two of tha horizontal

columns are located at the bottom of the skirt, tha other two columns and snubbar ara
located st tha top of tha motor support stand.

8. Reactor Coolant Piping and Valves

Tha Reactor Coolant Piping and Valves which provida the conduit for the flow of raactor

coolant from the vessel and core to the Steam Generators is dasigned, fabricated, and

installed in accordance with the applicable sections of tha ASME Code. Furthermore, the

pipe whip restraints requirad by the NRC on pravioua plant designs hava been eliminated
by the application of leak-before-break analyses.

The raactor coolant system consists of two heat transfer loops. The arrangamant of tha

systam components is shown in Figure II-C-1.

Each of tha two haat transfer loops contains five sections of pips: one (1) 42-inch intarnal

diameter pipe betwaen the reactor vessel outlat nozzle and steam genarator inlet nozzle,

two (2) 30-inch internal diameter pipes, ona from each of tha two (2) steam genarator

outlat nozzles to aach raactor coolant pump suction nozzla, and two (2) 30-inch intarnal

diameter pipes, one from each pump discharge nozzle to a reactor vessel inlat nozzle.
These pipas are referrad to as the hot lag, tha pump suction lags, and the pump discharga

legs, respectively. The pump suction and discharge legs taken together are referrad to as

tha cold lags. Tha other major pieces of reactor coolant piping ara the surga Iina and tha
spray line.

The 42-inch and 30-inch pipe diameters ara selected to obtain coolant velocities which

provide a reasonable balance batween erosion-corrosion, pressura drop, and systam
volume. The surge line is sizad to limit tha frictional prassure loss through it during the
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maximum in-surge so that the pressure differential between the pressurizer and the heat

trensfer loops is no more than 5 percent of the system design pressure. Thermel

stratification effects ere also taken into eccount in the design of the surge line.

To reduce the amount of field welding during plent fabrication, the 42-inch and 30-inch
pipes ere supplied in mejor pieces, complete with shop-installad instrumentation nozzles

and connecting nozzles to the auxiliery systems. Where necessary, nozzles incorporate

thermal sleeves for protection of piping from thermal stresses. The emount of Safaty

Class 1 piping connected to the reactor coolant system is minimized by incorporating flow

restrictions in all level sensing, pressure measurement, and sampling nozzles on the reactor

coolant piping, reactor coolant pumps, pressurizer, and steam generators. The connecting
Iinas are therefore classified as Safaty Claas 2.

Reactor coolant system piping is allowad to expand essentially without restraint. Thare

are no supports for the reactor coolant piping, other than the support provided by the
major components to which tha pipas ara connacted. The component supports are

dasigned to allow assantially unrestrained thermal expansion. Piping flexibility stress

analysis has determined that the stress levels ara below the values allowad by ASME

codas at the design conditions and during all postulated normal and abnormal modes of

operation. Pipe material is carbon staal clad internally with stainless steel.

Reactor coolant piping is daaigned with the required instrumentation nozzles and

connecting nozzles for piping to and from the auxiliary system aquipment. Nozzles

subjected to local tharmal tranaiants, causad by fluid entering the Reactor Coolant System
from an auxiliary system, ara analyzad to enaura the nozzles can accommodate these

transients. Flow restricting orificas ere provided in the nozzlas for the RCS
instrumentation to limit flow in the event of a break downstream of tha nozzla.

Branch Iinas connected to the main loop pipes include the surge Iina, shutdown cooling
Iinas, safaty injection lines, charging lines, spray Iinas, and drain Iinaa. Design of the

branch lines considers raquiremants such as load limits, thermal and seismic movements,
and pipe break criteria. Tha surge, shutdown cooling, and safety injection Iinas satisfy the
NRC requirements for elimination of dynamic effacts of pipa breaks, by application of the
Ieak-before-braak methodology. This minimizes tha requirements for pipa whip restraints

and jet impingement shields, and eliminates the need to consider other load effects.
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PU CONSUMPTION IN ALWRS

TECHNICAL DESCRIPTION

D. SAFETY SYSTEMS

Probabilistic Risk Assessment (PRA) has provan to be a valuable tool in evaluating the
various safety systems. Although these systems in the original System 80 design were
found to be very reliable, further improvements have been made to significantly lower the

probability of core damage by more than two orders of magnitude.

1. Safety Repressurization System

The Safety Depressurization System (SDS) is designed to perform the following functions:
venting of the Reactor Coolant System (RCS), and safety depressurization (i.e., feed and

bleed) of the RCS (Figure II-D-1).

a. Reactor C oolant Gas Vent (RCG V) Function

The Reactor Coolant Gas Vent (RCGV) function provides a safety grada maans of venting
non-condensable gases from the pressurizer and the reactor vessel upper head to the

Reactor Drain Tank (RDT) during post-accident conditions. In addition, the RCGV provides

a safety grade means to cooldown the RCS in the event that pressurizer Main Spray and
Auxiliary Spray systems ara unavailable for plant cooldown.

Non-condensibla gases are removed from the pressurizer through a vent line to the RDT,

through one or both of the parallel isolation valves, and from the reactor vessal upper head
through a vent line to the RDT, through a flow restricting orifice and one or both of the

parallel isolation valves. Venting under accident conditions would be accomplished using
only one source (reactor vessel or pressurizer) at a time.

If the operator determines that non-condensibla gases hava collacted in the reactor vessel

upper head or in the pressurizer steam space, the operator manually opens the RCGV
valves to vent the reactor vessel upper head or the pressurizer steam space from the Main

Control Room. Tha systam is operabla following all dasign basis evants. The vent path
from either the pressurizer or the reector vessel upper head can accommodate a single

active failure with the active components powered from a normal AC power source and an

emergency AC back-up power source. Parallel valves powered from alternate power

sources are provided et both vent sources to assure a vent path exists in the event of a

single failure of either of the valves or of the power source.

The reactor drain tank (RDT) quenchas any steam relieved from either the pressurizer or
the reactor vessel. The RDT stores small quantities of non-condensable gas from the RCS:
(1) without the need for releasing the highly radioactive gas directly into containment; and,
(2) without influencing containment hydrogan concentration levels. The Gaseous Waste

Management System is used to process the non-condensable gases collected in the RDT.

The operator msy use the Reactor Coolant Gas Vent (RCGV) function to cooldown and

repressurize the pressurizer in the event the Main Spray and Auxiliary Spray systems are
not operable. The operator manually opens the RCGV valves on tha top of the pressurizer,

releasing steam to the RDT. if voids form in the reactor vessel upper head, the operator
may opan the RCGV valves on tha top of the reactor vassal to vent steam from the vessel
head, allowing the reactor vassel to be refillad. The RCGV flow, and therefore the
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depressurizetion rate, ara controlled by modulating valves in tha vent linea from the top of

tha pressurizer and by opening and closing two series RCGV valves from the top of the
reactor vessel head.

b. ~afetv Der) essur rizati “on Function

The Safety Daprassurization function (i.e., feed and bleed) provides a safaw wade means

of quickly depressurizing the RCS when normal and emargancy feedwater (EFW) are

unavailable to remove cora dacay heat through tha staam generators. This function is

achiavad via remote manual oparator control. Whanevar any evant (e.g., a total loss of
feedwater) results in high RCS pressure with a gradual loss of RCS liquid inventory, tha

SDS valves may be opened by tha operator, rasulting in a controlled depressurization of
the RCS. As the RCS pressure decreases, the Safety Injection pumps start, initiating feed
flow to the RCS and restoring the RCS liquid inventory.

Cora dacay heat removal, using tha SDS, is accomplished by a once-through cooling
process in which water is injected directly into the reactor vessel downcomer via the

normal Safaty Injaction System. Once in the reactor vassel, tha cooling fluid passes

through tha vassal downcomar to the lower plenum, up through the core (where decay
haat is removed) and out to the hot leg, through tha surge Iina to the pressurizer and out

through the dedicated rapid dapressurization bleed valves through piping to the spargar in
tha IRWST where quenching and cooling of the bleed flow is accomplished.

Bleed and feed and, therefore, core cooling can continue even without the initiation of flow

through the Shutdown Cooling haat exchangar. Without IRWST cooling, the IRWST’S vent
system will ralieve the steam formed in the tank to tha containment. The discharged

steam will be condensad by the containment cooling system and eventually returned to the
IRWST via gravity drains. Cooling of the IRWST can be accomplished by eithar the

Containment Spray or Shutdown Cooling haat exchangers.

2. Shutdown Cooling System

The Shutdown Cooling System (SCS) is a forced circulation heat removal loop dasigned to

transfar heat from the Reactor Coolant Systam to the Component Cooling Watar System

at temperatures whare tha steam generators are ineffective. The Shutdown Cooling
System consists of two independent subsystems, each utilizing a shutdown cooling pump
to circulate coolant through a shutdown cooling heat exchanger. The Shutdown Cooling
System is used for normal shutdown, emergency shutdowns, rafueling and maintenance
operations. In a normal cooldown to refueling temperatures both shutdown cooling trains

are used to minimize cooldown times. All safety functions are provided by a single train.
A flow diagram of the Shutdown Cooling System is shown in Figure II-D-2.

The initial cooldown of the Reactor Coolant System is accomplished by heat rajection to

the secondary side of the steam generators and then releasing steam via the Steam
Bypass System or atmospheric dump valves. The components required for the Safety

Injection System remain aligned for emergancy use until the Reactor Coolant System
prassura and temperature are reducad. Aftar tha reactor coolant temperature and pressure

hava been decreased to approximately 350° F and 400 psia, the shutdown cooling system

can be placed in operation.
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During shutdown cooling, the reactor coolant flows out of the RCS through the shutdown

cooling nozzles located on eech hot leg. Reactor coolant is circulated by the shutdown
cooling pumps through the shutdown cooling beet exchangers end then returned to the

RCS through the four safety injection lines to the reactor vessel. The cooldown rate is

controlled by adjusting flow through the heat exchangers with a throttle valve on the
discharge of each heat exchanger. Flow indicators provide indication so that the operator

can maintain a constant total shutdown cooling flow to the core. The operator then

adjusts the heat exchanger bypass flow to compensate for changes in flow through the
heat exchangers. Operator control of shutdown cooling is only raquirad until full flow ia

established through the shutdown cooling heat exchangers.

The SCS is designed to permit a portion of the flow to be diverted at the outlet of the

shutdown cooling heat exchangers to the purification portion of the Chemical and Volume

Control System. The bypass stream passes through a purification ion exchanger and

boronometer to provide for continued cleanup of the RCS during plant cooldown, and to
provide a means of monitoring the boron concentration. The capability to continue reactor

coolant purification during cooldown and while at refueling conditions is dasirable since
crud release can result from temperature changes and fuel handling.

The SCS can be used to provide additional cooling for the apent fuel pool. Connections

are provided on the discharge lines from each shutdown cooling heat exchanger and on the
shutdown cooling suction lines.

The SCS is protected from overpressurization by pressure interlocked isolation valves and

by pressure relief valves. The shutdown cooling suction line isolation valves receive
electrical power in a manner such that no fault to a single power supply can open the
valves to connect the RCS and SCS inadvertently, nor can a fault to a single power supply

prevent opening the valves of at least one suction line for initiation of shutdown cooling.

The RCS can be brought to refueling temperature using one shutdown cooling pump and

one shutdown cooling heat exchanger.

Overpressure protection of the RCS during low temperature conditions is provided by the

relief valves located in the shutdown cooling system (SCS) suction lines.

Alignment of the SCS relief valve to the RCS is provided via plant procedures to ensure

RCS overpressure protection for all temperatures below the pressure-temperature (P-T)

operating curve limits corresponding to the pressurizer safety valve set pressure of 2500
psia. For temperatures above the temperature limit which corresponds to the pressurizer

safety valve setpoint, overpressure protection is provided by the pressurizer safety valves.

During heatup, RCS pressure is maintained below the maximum pressure for SCS

operation until RCS cold leg temperature exceeds the applicable P-T operating curve
temperature corresponding to 2500 psia. If the SCS suction isolation valves are open and
RCS pressure exceeds the maximum pressure for SCS operation, an alarm will notify the

operator that a pressurization transient is occurring during low temperature conditions.
Either SCS relief valve will terminate inadvertent pressure transients which occur when the

RCS temperature is below the aforementioned temperature limit. Above the maximum

Low Temperature Over Pressurization (LTOP) temperature, overpressure protection is
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provided by the pressurizer safety valvas when tha SCS relief valve is isolated from the

RCS.

During cooldown whenever RCS cold leg temperature is below the applicable temperature

for LTOP, tha SCS reliaf valvas provide the necessary protection. If the SCS is not aligned

to the RCS before cold leg temperature decreases below the critical LTOP value, an alarm

will notify the operator to open the SCS suction isolation valvas. Tha maximum
temperature requiring LTOP is based upon an evaluation of the applicable P-T curves.
Howavar, the SCS cannot ba aligned to the RCS until the pressure is below the maximum
pressure allowing SCS operation.

Thase LTOP conditions are within the SCS operating range. Technical Specification

requires the SCS suction line isolation valvas to be open when operating in the LTOP
mode. Also, this Technical Specification ensures that appropriate action is takan if ona or

more SCS relief valves are out of service during the LTOP mode of operation.

The SCS relief valves are spring loaded liquid relief velves with sufficient capacity to

mitigete the most limiting ovarprassurizetion event. Either SCS relief valva will provida

sufficient relief capacity to prevent eny pressure transient from excaeding the isolation
interlock setpoint. Sinca aach SCS ralief valve is a self actuating spring loaded liquid reliaf

valve, control circuitry is not required. The valve will open when pressure exceeds its

setpoint. This method of providing low temperature overpressura protection has been

approved by the U.S. Nuclear Regulatory Commission and is in use on System 80 at the
Palo Verde Nuclear Generating Station.

3. Safety Injection System

The Safety Injaction System (S1S) providas cora cooling in the event of a 10SS Of COOlant

accident. Tha SIS is dasigned to supply sufficient cooling to prevent significant alteration

of core geomatry, to preclude fuel melting, to limit the cladding metal-water reaction, and

to remove tha anargy generated in tha core for an extended period of time following a loss
of coolant accident.

Figures II-D-3 and II-D-4 depict the SIS in the two modes of operation for emergency core

cooling: the Short-Term Mode and the Long-Term Mode.

The principel components of the S1S are the four safety injection pumps, the four safety

injection tanks, and the In-containment Rafueling Watar Storaga Tank (I RWST). These

components are utilized in redundant active and passive injection subsystems to provide

cora protection for the complata spectrum of reactor coolant pipe breaks, satisfying both
short-term and long-term cooling requirements.

a. Short-Term Mode

The short-tarm cooling requirements following a loss of coolant accident are met by a

passive injection sub-system consisting of the pressurized safety injection tanks and four

active sub-systems consisting of tha safety injection pumps, and associated valves and
piping.
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The four safety injection tanke ara usad to flood the core with berated watar upon
depressurization of the Reactor Coolant System. Each tank is piped into a safaty injaction
nozzle located near the top of the raactor vessel cylindrical shell. During normal plant

oparation each safety injection tank is isolated from the Reactor Coolant System by two

check valves in serias. Howavar, the safety injection tanks will automatically discharge
into the Reactor Coolent Systam if tha Raactor Coolant Systam pressure decraases balow

safety injection tank prassure during reactor operation. Adequata fluid is contained in the

tanks to assura that tha raquirad volume raaches tha core, assuming that the content of

one tank is lost, i.e., spills through the postulated break in the Reactor Coolant Systam.

In the active injection system, four (4) full capacity pumps inject berated water from the

in-containment refueling water storaga tank into the four (4) nozzles on the reactor vassal

cylindrical shell. Injection is automatically initiated upon a low pressurizer pressure signal

or a high containment pressura signal. A subsystem of two (2) PumPs is capable of

performing the short tarm cooling function with one of its injection flow paths discharging
through the break. The Safety Injection Systam pumps and valves are connected to tha
normal power sourca, and tha amargancy diasal generators. The connations ara through

two (2) independent buses so that in tha event of a loss of coolant accident in conjunction
with a single active failure in the emargency alactrical supply system, the flow from two

(2) safety injection pumps is available.

b. Lena-Term ModQ

Long-tarm cooling following a loss of coolant accident is accomplished by manually

opaning the hot leg injection valves. Simultaneous hot leg and direct vessal injection
rasults in e circulation flow through the reactor core. For small pipe breaks, tha S1S pumps
provide makeup for spillage, while the RCS is cooled down and repressurized to shutdown

cooling initiation conditions utilizing the steam generator Atmospheric Oump Valves and
Emergency Feedwater System.

4. Containment Spray System

The Containment Spray System (CSS) is a safety grade system designed to reduce

containment pressure and temperature following a main staam Iina break or loss-of-

coolant-accident and to remove fission products from tha containment atmosphere
following a loss of coolant accident. Fission product removal is required so that in the
event of containment Iaakage, ectivity at the site boundary due to radioactive iodine will

ba reduced.

Tha CSS usas tha in-containment refueling water storage tank (IRWST) and has two

independent trains (two containment spray pumps, two containment spray haat

exchangers, two independent spray haaders, and associated piping, valvas, and

instrumantation). The system is shown in Figures II-D-3 and II-D-4.

The CSS provides berated watar spray to tha containment atmosphere from the upper

ragions of the containment. The spray flow is provided by tha containment spray pumps

which take suction from the in-containment refueling watar storaga tank. Upon raceipt of

a Containment Spray Actuation Signal (CSAS), the containment spray header isolation

valve opens and the containment spray pump starts in each of the two redundant trains.
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The pumps dischsrge through the containment spray haat exchangers and the spray

header isolation valves to their respective spray nozzle headers, and then into the

containment atmosphere. The sprey headers are located in the upper part of the

containment building to allow the falling spray droplets time to approach thermal
equilibrium with the steam-air atmosphere. Condensation of the steam by tha falling spray
results in reduction in containment pressure and temperature. When the water reaches the

containment floor it drains to the holdup volume and subsequently back to the IRWST.

A CSAS occurs on a two out of four high-high containment pressure signal. The CSAS

may also be initiated manually in the control room. The specific sequence of CSS pump

and valve actuation depands on which power sourca is available. If off site powar is not

available, the safeguards loads are divided betwaen the two plant emergancy diesel

generators and are sequentially started after the diesel generators are running.

In the event that one or both of the shutdown cooling pumps is unable to perform its
function of reducing RCS temperature to refueling temperature, ona or both of the
containment spray pumps can perform this function. Cross-connect valves to the suction

and discharge lines of the CS pumps must be manually opened for shutdown cooling.

5. Emergency Feedwater System

The Emergency Feedwater (EFW) System provides an independent safety-related means of

supplying secondary-side, quality faedwater to the steam generators for removal of heat
and prevention of reactor core uncovery during emergency phases of plant operation. The
EFW System is a dedicated safaty system which has no operating functions during normal
plant operation.

The EFW System is designed to be automatically or manually initiated, supplying

feedwater to the steam generators for any event that results in tha loss of normal and

startup feadwater and requires heat removal through the steam generators, including the
loss of normal onsite and normal off site AC power.

Following the event, the EFW System maintains adaquate feedwater inventory in the

steam generators for residual heat removal. It is capable of maintaining hot standby, and
facilitating a plant cooldown at the maximum administratively controlled rate of 75 °F/hr,
from hot standby to Shutdown Cooling System initiation. The Shutdown Cooling System

becomes available for plant cooldown when the RCS temperature and pressure are
reducad to 350° F and 400 psia.

The EFW System is designed to be initiated by the operator following a major loss of
coolant accident, to keep the steam generator tubes covered. Covering the steam
generator tubes following a LOCA minimizes potential containment bypass leakage, should
pre-existing primary-to-secondary leakage be present.

The EFW System is configured into two separate subsystems as shown in Figure II-D-5.

Each subsystem is aligned to feed its respective steam generator, and consists of one

Emergency Feedwater Storage Tank (EFWST), one 100% capacity motor-drivan pump, one

10O”A capacity steam-driven pump, associated valves, one cavitating venturi, and

specifiad instrumentation. Each pump takes suction from its respective EFWST, and
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discharges through a chack valve, flow regulating valve, steam generator isolation valve
and staam generator isolation chack valva. The motor-drivan and staam-driven trains are

joined together inside containment to feed their respective steam generator through a
common EFW header which connects to the steam generator downcomar feadwater line.
Each common EFW haader contains a cavitating venturi to restrict the maximum EFW flow
rate to each steam generator. The cavitating venturi restricts the magnituda of the two

pump flow as well as the magnitude of individual pump runout flow to tha steam
generator.

A cross-connection is provided betwean each EFWST so that either tank can supply either

train of EFW. The two EFWSTS are safety grade tanks of seismic design. Each tank

contains 100”A of the total volume required to meet the EFW system design bases. A
local, normally locked closed, manually operatad isolation valva is provided for each

EFWST to provide separation. A line connected to a non-safety source of condensate is

also provided with local manual isolation so that it can be manually aligned for gravity faed

to either of the EFWSTS, should the EFWSTS reach low level before Shutdown Cooling
System entry conditions are reached. A chack valve and a local, normally locked closed,

manually operated isolation valve ara providad for separation of the non-safety source of

condensate from the safety-related sources.

Pump discharge crossover piping is providad to enhance system versatility during long-

term emergancy modes, such that a single pump can feed both steam generators. Two
local, normally locked closed, manually operatad isolation valves are provided for subtrain
separation.

The EFW Systam can either be manually actuatad or automatically actuated by an

Emergency Feedwater Actuation signal (EFAS) or by the Alternate Protection System

(APS). At the low steam generator water level setpoint, the EFAS or tha APS will actuate
the EFW System as follows:

● Starts the associated motor-driven pump and opens the associated turbine
steam supply bypass valve

● Starts associated turbine driven pump by opening the associated turbine steam
supply velve and opens the associated steem generator isolation valvea

● Assures that the associated EFW flow control valvas are in their full opan

position

● Assures that turbine governor speed control is at full rated speed.

After the EFW System has baen actuatad, the plant operator will control the flow to the

steam generators in order to control tha steam ganarator watar level. The operator has at
least 30 minutes aftar EFW actuation bafore oparator action is essential. Tha oparator can

control steam generator water level by either positioning the associated EFW pump flow

control valves, by opening and shutting the associated EFW steam generator isolation
valves, by adjusting the turbine governor control speed, or by using on/off operation of the

motor driven EFW pumps.
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The EFAS provides automatic protection functions, should the operator fail to control flow.

The EFAS will automatically shut the steam generator isolation valves at a steam ganarator
level setpoint highar than normal water level, to prevent steam generator overfill. If the

steam generator water level falls to the low steam generator water level setpoint for EFW
actuation, the EFW system is reactuate, as described above. An EFAS override is

provided for each steam generator so that EFW flow can be terminated in the event of a

steam generator fault, such as a main feedwater or main steam line break.

6. Component Cooling Water System

The component cooling water system (CCWS) is a closed loop cooling water system,
which cools components and heat exchangers located in the Nuclear Systems Annex,

Radwaste, and Containment Buildings. Heat transferred by these components to the

CCWS is rejected to the essential service water system (ESWS) via the CCWS heat

exchangers.

Safety design bases applicable to the CCWS are as follows:

. The CCWS, in conjunction with the ESWS (including the reserve ultimate heat

sink), is capable of ramoving sufficient heat to ensure a safe reactor shutdown
coincident with a loss of off site power.

● A single failure of any component in the CCWS will not impair the ability of tha

CCWS to meet its functional requirements.

● Adverse environmental occurrences will not impair the ability of the CCWS to

meet its functional requirements.

● The CCWS ia designed to withstand the effects of a safe shutdown earthquake

(SSE).

The CCWS consists of two separate, independent, redundant, closed loop, safety-related

divisions (Figure II-D-6). Either division of the CCWS or a single pump in each division is
capable of supporting 100 percent of the cooling functions required for a safe reactor
shutdown. Post-LOCA, all pumps in both divisions automatically start, however, only one
of the pumps is required to operate to support the cooling function after the cooling supply

to the non-safety-related loads and fuel pool cooling heat exchangers are isolated.

The CCWS operates at a higher pressure than the ESWS, as protection against leakage

into the CCWS from tha ESWS in case of tube leakage in the CCWS heat exchanger.

Each division of the CCWS includes two heat exchangers, a surge tank, two 100 percent
pumps, a chemical addition tank, piping, valves, controls, and instrumentation.

Makeup water to the CCWS is supplied by the demineralized watar system. Should the

demineralized water system be unavailable, during an accident, makeup can be supplied

from the assured makeup sourca.
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Each division of the CCWS provides cooling for redundant safety-related components.
These includa:

● Shutdown cooling heat exchangers
● Safety injection pump motor coolers
. Containment spray heat exchangers
● Shutdown cooling pump motor coolers
● Containment spray pump motor coolers
. Motor driven emergency feedwater pump motor coolers
● Essential chillers

Each division can also provide cooling for the following non-safety-related components:

●

●

●

●

✎

●

●

✎

●

●

✎

●

●

✎

●

●

●

●

Reactor coolant pump (RCP) motor air coolers

RCP motor upper beering oiler coolers

RCP motor lower bearing coolers
RCP oil coolers

RCP seal coolers
RCP high pressure cooler

Letdown heat exchenger
Fuel pool heat exchangar

Sample heat exchangers
Gas stripper
Boric acid concentrator

Normal chillers
CEDM air coolars

Containment spray pump mini-flow heat exchangers
Shutdown cooling pump mini-flow haat exchangers

Charging pumps
Instrument air compressors

Other miscellaneous components

Cross-connections are provided with locked, closed valves to be utilized during shutdown,

if one division is out for maintenance.

7. AC Power Systems

There are three AC power systems which service station electrical loads: the class 1E AC

power system, the non-1 E AC powar system, and the non-1 E alternate AC powar system.

a. Clas s 1 E AC Power Svs& m

The class 1 E AC power system consists of a 4160 volt power system, and a 480 volt

auxiliary power system. The 4160 volt system is a redundent system, divided into safety

divisions I and Il. It normally receives power from the 4160 volt normal power system.
Upon loss of normal power, emergency power is provided either by separate and
independent emergency diesel generators, or by an onsite standby gas turbine generator.
All safety related equipment requiring power during a loss of of fsite powar event, or during

other accident conditions, is fed by this system.
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The 480 volt auxiliary powar systam includas two load centers tied to aach division of tha
4160 volt system. These four redundant load cantars furnish power for large heater loads,
Iarga 480 volt motors, and 480 volt class 1 E motor control centers.

b. Non-1 E UninterruDt ible AC Power Svst em

The Non-1 E uninterruptible AC power system is divided into four subsystems: tha unit

main power system, the 13,800 volt normal auxiliary power system, the 4160 volt normal

auxiliary power systam, and tha 480 volt normal auxiliary power system.

Tha unit main power system consists of the main ganarator, isolated phasa bus, generator

circuit breaker, four unit step-up transformers, and two half-sized unit auxiliary
transformers. This system generates and transmits powar to tha transmission system,
while simultaneously supplying powar to tha unit auxiliaries. In the event that the main

generator is not in service, this system can be usad to supply power from the transmission

systam to tha unit auxiliaries.

The 13,800 volt normal auxiliary power system consists of four non-sefety busas which

ara connected to the unit auxiliary transformers. This system furnishes power to large
motors, such as the raactor coolent pump motors and condensate water pump motors.

Protective relays are provided for both tha motor loads and the buses.

The 4160 volt normal auxiliary power systam consists of four switchgear groups and a

non-class 1E source (onsite gas turbine). The first switchgear group is connected to a unit

auxiliary transformer, to power large non-safety ralatad loads such as sarvica water and

component cooling water pumps. The second switchgear group is connected to the
remaining unit auxiliary transformer to powar the ramaining large, non-safaty related loads.

The third switch gear group, designated “permanant non-safety”, provides power to

auxiliary and service loads which must typically ramain operational, independent of the
plant oparating condition, or during plant outagas. The normal power source is the 4160
volt unit auxiliary transformer. If nacassary, it can be switchad to aither tha station

auxiliary transformer, or the alternate AC source (gas turbine). The fourth switchgear
group is also dasignatad “permanent non-safaty”, and is configured in a manner similar to
tha third switchgear group.

The four non-class 1 E switchgear groups, with four divarsa sources of power, and the

ability to enargiza the Division I and II safaty loads, raduces the likelihood of a total station

blackout occurrence.

c. Non-Class 1E Alternate AC Power Source

A non-class 1E onsite alternate AC power source is provided for motors and other

electrical loads which have a special regulatory or operational significance, but which are
not ciassifiad as safety related (a. g., CVCS charging pumps, CEDM cooling fans,

instrument air compressors). The power source is a gas turbine, and it is connectad to tha

two 4160 volt buses designated as “parmanent non-safaty”. These busas ara normally

supplied by the unit auxiliary transformer, and if nacessary, can be switched to the station

transformer.
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This diverse alternate AC power sourca has been incorporated as a backup to the diesel

generators. This gas turbine generator is capable of handling all necessary loads in the
event of a station blackout.

8. Dual Steel Containment

The Steel Containment Vessel (SCV), penetration assemblies, equipment hatch, personnel

air locks and isolation valves for systems penetrating the SCV form tha Containment

System. The SCV is a free standing, low Iaakage (essentially leak tight) welded steel
pressure vessel designed in accordance with the requirements of the ASME Code for

pressure vessels.

The SCV is housed in a reinforced concrete shield building with an ennular erea between
the concrete and the free standing SCV (Figure II-D-8). Tha shiald building is dasigned to
protect the SCV from the outside environment, i.e., normal winds, tornado winds, tornado

generated missiles, extreme temperature fluctuations, snow loads, etc. The SCV is

similarly protected from internal missiles, jet impingements and transient pressure

differentials by the reinforced concrete crane wall.

The Containment System is required to provide an essentially leak tight barrier enclosing
the Raactor Coolant System. This barriar sarves to control and limit tha consaquance of
raleasas of energy and radioactivity in the event of a breach of the Reactor Coolant

System, so that public health and safety will not be impaired. The Containment Systam is
also required to withstand all internal and axternal environmental conditions that may
reasonably be expectad to occur during the design life of the plant. This includes both the

short and long tarm effects following a loss-of-coolant accidant or main steam line break,

in accordance with the General Design Criterion 16, “Containment Dasign”, of Appendix A

to 10 CFR Part 50 “Ganeral Design Criteria for Nuclaar Powar Plants”. Those
requirements stata that a Reactor Containment and associated systems be provided for the

following purposas:

. to establish an essentially Isak tight barrier against the uncontrolled release of

radioactivity to the environment

● to assure that the containment design conditions important to safety shall not

be excaaded for as long as postulated accidents raquire.

Tha SCV pressure boundary includas all penetration sleeves that are attached to the SCV
including the equipment hatch end the two personnal air locks.

Tha Containment Vessal is classified as an MC component. Subsection NE of the ASME

Code establishes the rulas for material, design, fabrication, examination, inspection,

testing, and certification of tha metal Containment Systam.

All materials usad in the fabrication and eraction of tha SCV meat the requirements of
Articla NE-2000 of the ASME code. The material for the SCV shell plate is SA 537 Class

2. Tha material for the penetration assemblies is SA 671 or SA 537 Class 2.
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E. AUXILIARY SYSTEMS INCLUDING l&C

Feedback based on operational experience has permitted incremental improvements in the

auxiliary systems.

The following auxiliary systems are of particular interest:

● Chemical and Volume Control System

● Process Sempling Systam

● Spent Fuel Pool Cooling and Cleanup System

1. Chemicel end Volume Control System

Although not required to perform any accident mitigation or safe shutdown functions, the

CVCS is essential for the normal day-to-day oparation of tha plant. Tha CVCS has
tharafore been provided with a high degree of raliabiiity and redundancy and has bean

designed in accordance with acceptad industry standards and quality assuranca
commensurate with its importance to plant operations.

The chamical and voluma control system is dasignad to parform tha following functions:

● Maintain tha chamistry and purity of tha reactor coolant during normal

operation and during shutdowns.

● Maintain the required volume of water in the raactor coolant systam,

compensating for raactor coolant contraction or expansion resulting from
changes in raactor coolant temperature and for other coolant losses or

additions.

. Receive, store, and separate berated waste for reuse and discharge to the liquid

waste management systam (LWMS).

● Control the boron concentration in tha RCS to obtain optimum Control Element
Assembly positioning, to compensate for reactivity changes associated with

major changas in raactor coolant temperature, core burnup, and xenon
variations, and to provide shutdown margin for maintananca and refueling

operations.

● Provida auxiliary pressurizer spray for operator control of pressurizer pressure

during the final stages of shutdown, and to allow for pressurizer cooling.

● Provide a means for functionally testing the check valves which isolate tha

safety injection system from the RCS.

● Provida injection water at the proper temperature, pressure, end purity for the
reactor coolant pump seals, and collect the controlled bleedoff from the reactor

coolant pump seals.
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Leak tast tha RCS.

Provide a reactor makeup water supply to various auxiliary aquipmant.

Provida a maans for sluicing ion axchanger resin to the solid waste

management system.

Provide a maans for continuous removal of noble gases from the RCS.

Provide makeup to the spent fuel pool.

Provide purification of shutdown cooling flow.

Provide makaup for losses from small Iaaks in RCS piping.

Provide a means to purify contents of the IRWST.

Provide a means to add makeup and adjust chemistry of IRWST.

The normal reactor coolant flowpath through the CVCS is indicated by heavy lines on

Figures II-E-1 (Sheets 1 and 2).

Letdown flow from the reactor coolant system passes through the tuba side of the
regenerative heat exchanger, where an initial temperature reduction takes place via haat

transfer to cooler charging fluid on the shell side of the heat exchanger. The regenerative
heat exchanger is designed to cool letdown fluid to a maximum of 450” F for all normal

operations, and to heat the charging flow by a minimum of 10O°F. A final temperature
reduction to the purification subayatem operating temperature is made by the Iatdown heat

exchanger. The letdown heat exchanger is sized to cool inlet weter from the maximum
regenerative heat exchanger outlet temperature to 120°F (or lower) for most operating

conditions. Both the letdown and the regenerative heat exchangers are designed for full
RCS pressure and both are located inside containment.

Letdown fluid pressure is reduced from full systam pressure to the operating prassure of

the purification subsystem in two stages. The first pressure reduction occurs at the
letdown orifica and the second occurs at the letdown control valve downstream of the
letdown orifice. The letdown orifice is sized to pass the maximum letdown flow at full

RCS pressure with the control valve fully open. A bypass orifice around the normal

letdown orifice is provided for low pressure operation.

Following temperature and pressure reduction, the coolant flows through a filter where

filterable impurities are removed to reduce crud buildup on ion exchanger resin. The entire
flow passes through a purification ion exchanger where ionic corrosion and fission
products are removed.

Two full capacity purification ion exchangers ara provided. The unit not in continuous

service is used to periodically remove lithium from the coolant to control the lithium
concentration within the desired range. This unit becomes exhausted for lithium capacity

during one core cycle and is used in the next cycle for continuous purification. A
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deboreting ion exchangar is provided for usa naar the and of cora life for removel of boron,

since the normel feed and bleed process becomas much less efficient et low boron

concentrations. All ion exchangar resins ara protactad from high temparatura coolant by a
divarsion valve, which automatically bypasses the ion exchangers if the temperature of tha
coolant entering tha ion exchangers exceads 140”F. Coolant flows from tha ion

exchangers through a strainer which provides a backup for the ion exchanger retention
alemants. Tha coolant is then sprayad into the voluma control tank.

For continuous degasification cepebility, the Iatdown fluid, aftar passing through tha filtar,

ion exchanger(s) and strainer, can be diverted from the volume control tank, and processad

through tha gas strippar bafore baing returned to tha voluma control tank. Use of tha gas

strippar on a continuous basis significantly reducas the gaseous activity in the coolant,
thareby mitigating tha radiation hazards involved in primary to sacondary Iaakage or a loss
of coolant accident.

Tha voluma control tank is dasigned to accumulate letdown water from the RCS, to

provide for control of hydrogen concentration in the reactor coolant, and to provide a

reservoir of reactor coolant for tha charging pumps. Tha charging pump normally takes

suction from the volume control tank and discharges to the RCS. One letdown and ona
charging pump flow control valve ara salected for usa. The charging pump mini-flow haat
exchanger uses component cooling water to cool the recirculation flow from tha operating

charging pump.

Saal injaction watar is supplied to the reactor coolant pumps by divarting a portion of the

charging flow at a point in tha system just downstream of the charging pumps. This saal
flow is than haatad in a staam haatar to approximately 125°F befora filtaring. Once the

flow has baan filterad, tha seel injaction fluid is distributed to tha raactor coolant pumps.
Tha undiverted charging fluid is sent to the regenerative heat axchanger where it is heatad

befora injection into the RCS.

If nacassary, a chamical addition tank and a chemical addition mataring pump are used to

transfer chemical additives to the charging line downstream of the seal injection takeoff
connection.

a. Chamistry and Purity Control

Tha chamistry and purity of tha reactor coolant are controlled to provida tha following:

. minimize the corrosion of primary sida hardwara, which includes minimizing the
fouling of haat transfer surfacas,

● adjust tha chamical shim properly to control cora reactivity throughout tha Iifa

of the core, and

. ensure that the quality of the reactor coolant is being maintained.

Chamistry control of the raactor coolant consists of preoperational removal of oxygan by

hydrazina addition (hydrazine scavenging), degasification (via the gas strippar) of RCS fluid

(when nacassary), control of oxygen concentration by maintaining an excass hydrogen
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concentration, and PH control by maintaining lithium within a specific control band during
normal operation.

Preoperational oxygan scavenging is accomplished by tha addition of hydrazina. During

hot functional testing, 30 to 50 ppm of hydrazine is maintained in the reactor coolant

whenever the reactor coolant temperature is below 150°F. This prevents halide-induced

attack, which could occur if significant quantities of fluorides or chlorides and significant
amounts of dissolvad oxygen are present. During heatup, any dissolvad oxygen is

scavenged by the hydrazine, eliminating the potential for genaral corrosion. At higher

temperatures, the hydrazine decomposes, forming ammonia. The rasultant increase in PH
aids in tha davalopment of passiva oxide films on reactor coolant system surfacas. It has
been wall astablishad that the corrosion rates of Ni-Cr-Fe AIIoY-690 and 300 saries
stainlass staals dacraasa with tima whan axposed to normal reactor coolant chamistry
conditions, approaching low steady state values within approximately 200 days. Tha high
pH condition produced by a high ammonia concentration (to 50 ppm) minimizes corrosion

product release and assists in the rapid development of the passive oxide film. Most of

the film is established within seven days at hot, high pH conditions. To aid in maintaining

the pH during this passivation period, lithium in the form of lithium hydroxide, is added to

tha coolant and maintained within a 1-2 ppm lithium-7 range.

At power, oxygan concentration is limited by maintaining excess dissolved hydrogan gas in

the coolant. The axcess hydrogen forces the water decomposition/aynthasis raaction in

the reactor core toward water synthesis rather than hydrogen and oxygen decomposition.

In order to minimize the effect of crud deposition on the reactor core heat transfar

surfacas, lithium-7 hydroxida additions to the raactor coolant are mada. The lithium-7

hydroxide produces pH conditions within tha reactor coolant (at normal operating

temperatures) that raduca the corrosion product volubility and, hance, the dissolved crud
inventory in the circulating reactor coolant. The elevated pH promotes conditions within

the coolant for selective deposition of corrosion products on cooler surfaces (steam

generators) rather than hotter surfaces (core). An additional advantage is the formation of
a more stabla and tenacious passive oxide layer on out-of-core system surfaces. The

lithium concentration is maintained with a 0.2-2.3 ppm lithium-7 range during operation.

A chamical addition tank and pump is used to transfer hydrazine and/or lithium hydroxida
to the discharga sida of the charging pumps for injaction into the RCS. The hydrogan
concentration in tha raactor coolant is controlled by a hydrogen overpressure in the voluma
control tank.

The control of other impurities is accomplished by the continuous operation of a

purification ion exchanger which contains resin which has bean converted to the lithium or

ammonia lithium form. The resin bed removes soluble nuclides by an ion exchange

mechanism and insoluble particles by tha impingement of these particles on the surfaca of

the resin beads.

The normal method of adjusting RCS boron concentration is by “faad and blead”. To

change concentration, the makeup portion of the CVCS supplies either reactor makeup

water or boric acid to the volume control tank. Meanwhile, the Iatdown stream is diverted

to the pre-holdup ion exchanger. Toward the end of tha core cycle, however, the
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quantities of waste produced dua to this “feed-and-bleed” operation becoma excessive and
the deborating ion axchangar is usad to furthar raduce the reactor coolent system boron
concentration. An anion rasin, initially in the hydroxyl form, is convartad to a borate form

as boron is removed.

b. Reactor Coolant Inventory

The volume of water in the RCS is automatically controlled using level instrumentation
located on the prassurizar. Tha pressurizer level setpoint is programmed to vary es a

function of RCS temperature in order to minimize the transfer of fluid betwaen the RCS

and CVCS during power changas. Reactor power is datarmined for this situation using the

average reactor coolant temperature darivad from hot and cold leg temperature

measurements. A level error signal is obtained by comparing the programmed setpoint

with the maasured pressurizer watar Iavel. Volume control is achiavad by automatic

control of the charging and Iatdown flow control valves in accordance with the pressurizer
Ieval control program.

Two parallel charging pump flow control valvas, a Iatdown orifica, Iatdown flow control
valves, and two parallel charging pumps are provided. During normal operation, one

charging pump is running with the othar as an installed spara. In addition, one of the
letdown and one of the charging pump flow control valves are selected for use. The

selactad charging pump flow control valve is maintained by tha pressurizer Iaval control

program at a preset position which gives a constant desired flow rate at normal operating
pressures. The position of the selectad charging pump flow control valve is maintained

constant by the prassurizar Iavel control program, axcept in responsa to a high or low
pressurizer Ieval condition. Fina control of pressurizer level is accomplished via letdown

control. The position of tha salacted letdown flow control valva is varied by tha
pressurizer level control program in response to tha level error in ordar to compensate for

small changes in pressurizer Iavel and to keep it within tha programmed level band.

As statad previously, the volume control tank provides e resarvoir of raactor coolant for

the charging pump. The Iavel in the voluma control tank is controlled automatically. Tha
letdown flow is diverted to the holdup tank via the pre-holdup ion exchanger and gas

stripper whan the control bend high voluma control tank Ieval is reached. Conversely, the
volume control tank low Ieval signal automatically initiates makeup flow to the volume

control tank. The makaup system is normally set up for the automatic mode of oparation,
in which flow at a preset blend of boric acid from the boric acid storaga tank (BAST) and

demineralized water from tha raactor makeup water tank (RMWT) is automatically
initiated. A low-low level signal automatically closes the outlet valve on the volume

control tank, opens the boric acid flow valvas, and starts the boric acid makaup pumps to
provide flow diractly from the BAST through the boric acid makeup pumps to the suction
of the charging pumps.

c. Boron Racovery

The boron racovery portion of the CVCS accepts the letdown flow diverted from the

volume control tank as a result of faad and bleed operations for shutdowns, startups, and

boron dilution over core life. Additionally, raactor coolant quality water from valve and

aquipment Ieakoffs, drains, and raliafs within the containment is collacted in the reactor
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drain tank and schaduled for batch processing. Racoverabla reactor coolant quality water
from varioua equipmant and valve leakoffs, reliefs, and draina outside containment is

collected in the equipment drain tank and scheduled for batch processing.

Raactor coolant collacted in tha reactor and equipment drain tanks is periodically
discharged by the reactor drain pumps through the reactor drain filter and pre-holdup ion

exchanger. The diverted letdown flow, which has been previously passed through a

purification filter and ion exchanger, also passes through the pre-holdup ion exchanger.

Tha pre-holdup ion exchanger retains cesium, lithium, and other ionic radionuclides with
high efficiency. All process flow than passes through the gas stripper where hydrogen and

fission gases are removed with high efficiency, thus precluding the buildup of explosive

gaa mixtures in the holdup tank, and minimizing the release of radioactive fission product
gasea from other aerated vents or via any liquid discharge. The degassed liquid is
automatically pumped from the gas stripper to tha holdup tank. When a sufficient volume
accumulates in the holdup tank, it is pumped by the holdup pump to the boric acid

concentrator where the bottoms are concentrated.

The boric acid concentrator bottoms are continuously monitored for proper boron

concentration. Normally, the concentrator bottoms are pumped directly to the boric acid

storage tank. In the event that abnormal quantities of radionuclides are present, the

bottoms are concentrated to 12 weight percant boric acid and are discharged to the solid
waste management system (SWMS).

Tha concentrator distillate passes through a boric acid condensate ion exchanger, where

boric acid carryover is removed. Tha distillate is collected in the reactor makeup water
tank for reuse in the plant. If recycle is not desired, the condensate ia diverted to the
liquid waste management system (LWMS).

d. Auxiliary Pressurizer Spray

Auxiliary pressurizer spray flow is provided by the charging pumps for use during the Iattar
stages of cooldown when the reactor coolant pumps ere sacured due to insufficient net

positive suction head (NPSH).

e. Reactor Coolant Pump Seal Injection and Controlled Bleedoff

Reactor coolant pump saal injection watar is supplied by the chemical and volume control

system to cool RCP seal cavities and to provide a flushing flow to minimize deposition of
radioactive crud in any seal cavity.

During normal operation, the flow to the reactor coolant pumps ia suppliad by tha charging

pumps. The seal injection flow ia diverted from the charging line just downstream of the

charging pumps. The seal injection flow is sent to a heat exchanger supplied with steam,
where a temperature of approximately 120°F is maintained. The seal injection flow then

mixes with CCW fluid as it passes through the pump.

The controlled bleadoff flow returns to the chamical and volume control system volume

control tank. If controlled bleedoff increasea due to seal system wear or feilure, the saal
water supply can be automatically increased to maintain the desired in-leakage flow. High
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controlled bleed-off flow is limited by en orifice in the control bleedoff discharge. When
bleedoff reachas tha highast acceptable value, the seals are considered failed, and the
reactor coolant pump must be sacurad. The seal water supply end blaedoff for a given

pump can be secured without affecting the other pumps.

A divarsa and highly reliable dedicated seal injaction system (DSIS) is provided to increase

the reliability of the reactor coolant pump seals by further reducing the probability of seal

failure; in particular, to ensure seal integrity during Station Blackout (SBO).

The DSIS is a diverse design with raspect to normal seal cooling. It features a small
capacity positiva displacamant pump which is placed in parallel with the chamical and
volume control system centrifugal charging pumps. This positive displacement pump is
provided with both suction stabilizers and discharge dampeners end uses the sama CVCS

piping as for normal seal injection. During normal operation, the DSIS does not operate.

The DSIS would be operated during off-normal plant conditions involving losses of all other
raactor coolent pump seal cooling methods. The pump is supplied with 1 E power can also
be powerad by tha alternata AC (AAC) power source.

f. Removal of Noble Gases

When continuous degasification of the RCS is desired, the letdown flow is divertad from

the inlet line of the voluma control tank to the gas stripper, bypassing tha pra-holdup ion
exchangar. The letdown flow is processed in the gas stripper and is then returned to the
volume control tank via the normel spray nozzla.

The hydrogenated watar is degassed at the gas stripper so that explosiva gas

concentrations do not occur in subsequent process equipment. Stripped gases are piped

to a hydrogenated gas systam in tha gasaous wasta management systam where they are
procassed and later released under controlled conditions.

9. Shutdown Cooling System Flow Purification

Whan tha shutdown cooling system is operational, a flow path through tha CVCS can be

established for purification. This is accomplished by divarting a portion of the flow from

the shutdown cooling heat exchangar to tha Iatdown Iina upstraam of tha Iatdown haat
exchanger. The flow then passes through the purification filter, purification ion exchangar,
and letdown strainer, and is returned to the suction of the shutdown cooling pumps.

h. Purification of the IRWST

Sufficient connections exist between the CVCS and the in-containment refueling water

storage tank (I RWST) to allow for purification, inventory adjustments, and boron

adjustments of the contents of that tank.

2. Process Sampling System

The process sampling system is designed to collect and deliver representative samples of

liquids and gasas in various procass systams to sampla stations for chemical and

radiological analysis. Tha system permits sampling during reactor operation, cooldown,
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and post-accidant modes without requiring accass to the containment. Remote samples
can be takan of fluids in high radiation araas without requiring access to these areas.

The process sampling systam includas sampling lines, heat exchangers, sample vessels,

sample sinks or racks, analysis aquipmant, and instrumantation. Sampling points ara

salacted to provida the required chemical and radiological information while keeping tha

system simple for reliability and ease of maintenance. Figuras II-E-2 (Sheets 1 and 2)
show a flow diagram for tha procass sampling systam, including primary, sacondary, gae,
end post-accident sampling. Sampla locations, typas of samplas, and analysis
requirements are shown. Chemical and radiochamical analyses are parformed to datermine
boron concentration, fission and corrosion product ectivity, crud concentration, dissolvad
gas and corrosion product concentrations, chloride concentration, coolant PH, conductivity

of the raactor coolant, and noncondansibla gas concentration in tha pressurizer. Tha

rasults of tha analysas are used to regulata the boron concentration, monitor the fual

cladding integrity, avaluate ion axchangar and filter performance, specify chemical

additions to tha various systams, and maintain the propar hydrogen concentration in the
raactor coolant systems.

A data management and surveillance system gives daily evaluation of plant chemistry, and

tracks and plots chemistry trends.

The system configuration is such that, under normal operation, samples are transported
from a number of different locations to central sampla racks, whare samples are cooled

and repressurized as necassary. For samples containing dissolved gasas, sample bombs

ara located et the axit of aach sampla coolar to facilitate tha collation of semplas. In

addition, the system configuration is such that, under post-accident conditions, samples of

containment atmosphere and containment liquids are transported to an accessible location
for grab sampling.

3. Spent Fuel Pool Cooling and Claanup Systam

The safety-related spent fual pool cooling systam consists of two independent cooling

trains. The system is located in tha Nuclear Annax, a Saismic Category I building, which
providas protection from affects of natural phanomena and missiles. Tha spant fuel pool

cooling system (piping, pumps, valves, and heat exchangers) is safety-related, Quality
Group C. The spent fual pool (SFP) receives normal berated watar makeup from a water

source which is Seismic Catagory 1, Quality Group C. In addition, the backup to tha
normal makaup system consists of piping and/or hoses from an altarnata watar source.

Non-safaty-ralated, Seismic Category I sourcas provide normal nonborated deminaralizad

water backup end boric acid backup to tha spant fuel pool.

Each cooling train is designed to service the spent fual pool, with designad spant fuel

assembly loading, and to maintain tha bulk fluid tamparature of tha spant fuel pools balow
140.O”F during normal oparation.

Tha spant fual pool cooling syatam removas dacay heat from fual stored in tha spent fuel

pool. Heet is transfarrad from the spant fuel pool cooling systam, through the haat

axchanger to tha componant cooling water system.
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When either cooling train is in operation, water flows from the spent fuel pool to the spent

fuel pool cooling pump suction, is pumped through the tube side of the heat exchanger,

end is returned to the pool. The suction line is provided with e strainer end is Ioceted at

en elevstion well shove the normal fuel level, whila the return Iina contains an antisiphon
device to pravent gravity drainaga of tha pool.

Each of the two spent fuel pool claanup trains consists of a pump, a strainar, a

demineralize and a filter to maintain spant fuel pool water clarity and purity. Transfar
canal water may also be circulated through tha sama damineralizer and filtar. This

purification loop is sufficient for removing fission products and other contaminants which
may be introduced if a leaking fuel assambly is transfarrad to the spent fuel pool.

The demineralize and filter of either cleanup train may be used to claan and purify the
rafueling water while spent fual pool haat ramoval operations proceed. Refueling water

can be pumped from either the in-containment refueling water storage tank (IRWST) or the
RCS through a filter and damineralizer, and discharged to tha raactor vassal or tha IRWST.
To assist in maintaining spent fuel pool water clarity, the SFP surface is cleaned by a

skimmer.

Tha pool water may be saparatad from the water in the transfer canal by a gate. Tha gate

is installed so that the transfer canal may be drained to allow maintenance of the fuel

transfer equipment.

Two full-size fuel pool cooling pumps and two full-size fuel pool coolers will be provided to

ansure 100-percant redundant cooling capacity. This portion of the system is Seismic

Category I and Safety Class 3. The Seismic Category I cooling portion of the fuel pool

cooling and cleanup system is independent of the nonseismic purification portion. Failure

of the purification portion in an earthquake will not affect the operation of the cooling
trains.

For all normal plant operations and normal spent fual pool haat load conditions, tha

maximum spent fuel pool bulk watar temperature is 120.O”F. Given a single active failure,

tha maximum temperatures are 140.O”F. Design heat loads ara evaluatad utilizing
ANS1/ANS 5.1 correlations.

Following a design basis accidant with loss of power, the reactor plant component cooling
water system is not available to cool the spent fuel pool coolers. Power from the

emergency diesel generators is not immadiataly availabla dua to loading considerations. A
loss of cooling evaluation has be performed to which shows that the spent fuel pool

temperature reaches a temperature 200.0° F in approximately 12.5 hours. This provides

sufficient time to manually initiate pool cooling. Once the cooling is restarted, the

temparatura decraases to 150.O”F in less than 6 hours. Redundant safety grade fual pool

temperature indication is provided in the Main Control Room. Redundant safety Class 3
level instruments ara located in the fuel pool which indicate both locally and in tha Main

Control Room.

An emergency make-up water provision is provided via a capped connection outside the

fuel building with a line that runs into the building and terminates pointing down at the
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spent fuel pool. This enables cooling to be provided via this hose connection from a fire

engine or other fire equipment, without requiring access to the fuel building.

4. Plant Control (l&C)

Advanced Control Complex

Nuplax 80+ breaks down the historical boundaries betwean the NSSS and BOP through a

total integration of plant-wide l&C systems. The Advancad Control Complax (Figure II-E-3)
is comprised of the Main Control Room, the Technical Support Center, the Remote

Shutdown Control Room, and the l&C Equipmant Rooms (which house cOntrOL Protection

and monitoring systems plant-wide). Each of these are described in the following
paragraphs.

a. Main Control Room

The Control Room (shown in Figures II-E-4 and II-E-5) consists of the Controlling

Workspace (where the plant’s control panels are located) and offices for the plant

operating staff. The design accommodate six people continuously. Due to advanced

automation and man-machine interface features, however, only one operator is required at

the controls during the hot standby and power operating modas. Within the controlling
workspace, the Master Control Console provides the instrumentation and controls for the
primary steam and electrical generation systems, as well as plant-wide-monitoring

capabilities. The safety and auxiliary consoles provide the instrumentation and controls for

tha Engineered Safety Features and the Auxiliary Systems, respectively. The Control Room

Supervisor’s Console provides plant-wide communications end monitoring functions; the
desk area provides working space for control room personnel as well as a natural boundary

for interaction with other plant staff.

b. Technical Support Center (TSC)

The TSC located above the operators’ offices, in Figure II-E-5 has been designed for

emergency, as well as normal, operations. It includes communications and plant-wide
monitoring equipmant. Its direct visibility into tha Main Control Room allows plant staff,

emergency officials and plant visitora to view control room activities without interference
with plant operations. The TSC is entered independently and is secured from the Main

Control Room to allow easier access for all users.

c. Remote Shutdown Control Room (RSCR)

The RSCR includes a single sit-down/stand-up control console which accommodates one

or two operators. This console provides dedicated hot shutdown control and access to all
plant controls through touch sensitive video displays. Thesa displays facilitate maintenance

operations in the Main Control Room during power oparation, as well as achieving cold

shutdown during evants involving evacuation of the Main Control Room.
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d. Equipment Rooms

To enhance fire, flood and sabotage protection, Nuplex 80+ includes four equipment
rooms for redundant Class 1 E systems, two equipment rooms for non-safety systams, and

one computer room. Fiber optic communication cables between each of the equipment
rooms, and to the Main Control Room, ansure electrical independence of all areas.

5. Man-Machine Intarface

The man-machine interface was developed by a multi-disciplined design team including

experienced reector oparetors end specialists in Human Factors Engineering. Radundency

and diversity in all information processing and display ansuras the correctness of
information presentation and allows continuad plant operation with equipment failures

(a.g., loss of CRTs). The integration of information from the Safaty Parameter Display
Systam and tha Post Accident Monitoring Instrumantation (PAMI) into normal operating

displays allows the same display to be used during ell plant conditions. The equipment
and techniques for processing information to the oparator ara dascribed in the following
paragraphs.

a. Alarm Reduction Processing

Alarms are basad on validatad signal inputs with logic and setpointa that account for plant

and equipment operating modes. Alarms are presented in functional groups via a minimum
sat of spatially dedicated alarm tilas. In addition, CRT displays present alarms within the

context of dynamic color graphic plant mimic displays and through various alarm list
formats. To correctly direct operator ettention, four Iavels of alarm prioritization ara

employed with predefine as well as “operator established” alarms. Momentary audible
cues with periodic reminder tones requira no silancing to raduca alarm annoyance.
Individual alarm acknowledgement with global “stop flash” and “resuma” featuras ansure

that all alarms are recognized without operator task overload. Alarm acknowladgaments
are common to both the tile and CRT display media, and in either case provide direct

access to alarm details and supporting displays.

b. Oisplay Processing

Dedicated (discrete indicator) and selectable (CRT) displays reduce the amount of data to

be presanted by using cross-channal signal validation and correlation of relatad parameters.

CRT graphic presentations are arranged in a hierarchical format with aech Iaval selectable
through touch sansitive accass. This anhances rapid information retrieval.

c. Advanced Operator Aids

Information and alarm date is prioritized using algorithms that monitor criticel functions and
success paths for both safety and powar production. Post-trip critical function monitoring

is operator selectable for uncomplicated trips, or functional or optimal accident recovery.

These faatures ensure that the alarms and displays diractly support normal, alarm

response, and emergency procaduras. Anothar operator aid directly supports periodic

surveillance testing by monitoring tast activities to ansure correct tast procedural and

restoration of equipment to pre-test conditions.
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d. Man-Machina Interfaca (MMI) Equipmant

A combination of dedicated end selectable information and controls is used to optimize the

Man-Machine Interface. The apex of the information hierarchy is the Integrated Process

Status Overview (IPSO) which resides at the front of the control room, as shown in Figure
II-E-4. The IPSO is a 4.5’ x 6’ wall mounted color graphic display. It providas a fixed
plant-wide overview of functions and success paths critical to safety and power
production. The IPSO uses simple grephic symbols to allow quick comprehension of plant

conditions from all locations in the Control Room and by the entire operating staff.

Lower in the hierarchy of Nuplex 80+ information are the dedicated systam level,

subgroup level and component Ieval displays that are located at each control panel. As an

example, the Reactor Coolant Systam panel is shown in Figure II-E-6. Specific features era

described below.

(1) Alarm Tiles

Electro-luminescent displays duplicata conventional alarm tiles to facilitate pattern
recognition through spatial dedication. High level tile descriptions for all Priority 1 and 2

alarm conditions provide touch sensitiva acknowledgement and automatic display of alarm

details.

(2) Discrete Indicators

Spatially dedicatad indicators on the vartical section of each panel replace conventional
analog meters with continuous digital, bar graph and trend displays for key system-lavel

parameters. Displays use data raduction techniques such as cross-channal signal
validation, auto-range selection and like-parameter correlation. Touch sensitive screens

allow access to all parameter details and ralated (but less frequently monitored) data.

(3) Process Co ntrollers

Spatially dedicated controls on the desk section of eech panel provide continuous display
of functionally ralated controlled parameters. Touch sansitive screens ellow access to
controls for mods selection, selection of controlling sensors, setpoint changa and manual
output for each control loop.

(4) ~omtlonent Co ntrolS

Shape-coded control pushbuttons with backlit indicators provide normal and discrepancy
status for pumps, velvas, heaters, fens, ate.

(5) 900 ator rs Modules

For l&C systems such as the Plant Protection System and the Power Control System,

operator modules provide selectable displays for operating status, bypass conditions and

auto test diagnostics.
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Supporting all levels of dedicated display information are the CRT display pages. Touch

sensitive CRTs are located at each control panel, in all offices and at the TSC. All display
pages are accessible at any location to allow maximum transportability of plant
information. Display pages support all levels of operator information needs from high level

critical function monitoring to deteiled component performance diagnostics.

6. Instrumentation and Control Systems

The standardization of components, while maintaining a level of hardware and software

diversity among systems, to protect against common mode failures. Within systems,
multiple redundant processors with automatic failure detection are used to distribute

functions in a highly raliable fault tolerant configuration. This defense-in-dapth approach

ensures high availability and promotes regulatory acceptance of advanced computer
technology.

Fiber optic data communications are used throughout Nuplex SO+ to maximize electrical

independence of systems. These multiplexed interfaces along with geographically

distributed processing and remote 1/0 multiplexing minimize plant cabling. The end result
is that costs less than a conventional control complex; installation schedules are

shortened; and, future system changes are accommodated, without pulling additional
cables. The various systems that comprise Nuplex 80+ are shown in Figure II-E-3 and
described in the following paragraphs.

a. Discrete Indication and Alarm Systems (DIAS)

The DIAS (Figure II-E-7) procassas data for the alarm tile and discrete indicator displays as
well as the process parameters on the IPSO display. The system consists of multiple

processors in a functionally distributed architecture. DIAS is seismically qualified for PAMI

display.

b. Data Processing Systam (DPS)

The DPS (Figure II-E-8) processes data for the CRT displays and for the IPSO display. It is

diverse from DIAS to enhance information integrity and availability. It utilizes super
mini-computers with internal parallel processors. Multiple distributed display processors

provide user-friendly operator workstations. Optical disks provide long-term historical data

storage and retrieval.

c. Plant Protection System IPPS)

The PPS (Figure II-E-9) provides integrated reactor trip and engineered SefEty fEetWES

actuation in a geographically distributed four channel configuration. Within each channal,

separate processors provide core protection calculations, bistable functions, and

two-out-of four coincidence logic. The system automatically initiates pre-trip control

actions for rapid power reduction without scram. Continuous automatic software testing

eliminates most manual periodic surveillance tests.
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cl. Engineered Sefety Features-Component Control System (ESF-CCS)

The ESF-CCS (Figure II-E-1 O) provides normal ESF actuation, and amar9ancY saquencin9

controls for pumps, valves, fans, etc. in the plant’s safaty systems. The systam consists
of four independent trains, each with geographically distributed processors located in closa
proximity to the controlled equipment.

e. Process-Component Control System

The Procass-CCS providea similar functions to tha ESF-CCS but for non-safaty plant

systems. It is divarse from tha ESF-CCS to ansure that normel and emergency plant
systems are not subject to common mods failuras.

f. Power Control System (PCS)

The PCS (Figura II-E-1 1 ) consists of savaral processors, aach performing distinct functions

related to plant power control. The Megawatt Demand Setter (MDS) screens load change

damands from tha operator or ramota load dispatcher to ensura consistency with plant
operating limits. The MDS also initiatea automatic power reductions when plant conditions
may result in unacceptable trip margins. Tha Control Element Drive Mechanism (CEDM)
controller adjusts control rod position using automatic, closed-loop control logic. This

controller also controls rapid reactor powar cutback for pretrip conditions. The Raactor
Regulating Controller adjusts raactor powar and reactor coolant tamperatura to

automatically follow turbine load changes. All threa controllers share redundant internal

and extarnal communications natworks.

345-11 .wp/cm 11-70



da
CHEMICAL AND VOLUME CONTROL SYSTEM FIGURE

sY5rz I’ I ~ BLOCK DIAGRAM
(SHEET 1 OF 2)

II-F-I



I -i I

ill
CHEMICAL AND VOLUME CONTROL SYSTEM FIGURE

SY5T’Z 1’ I 4
BLOCK DIAGRAM

(SHEET 2 OF 2) II-E-1



PRIMARY SAMPLING

PRESSURIZED

HOT LEG LOOP 1 SAMPLE
EOUIPMENT

CONTINUOUS
ONLINE ANALYSIS

PRSSSURIZEO
PZR STEAM SPACE J

EOUIPMENT

IN-CONT. REFUEL. WTR. STOR. TK
REMOTE

SHUTDOWN COOLING SUCTION LINES OATCH

SAFETY INJ. PUMP MINIFLOW LINE SAMPLE

PURIF. FILTER INLET

PURIF. FILTER OUTLET

PURIF. IX OUTLET

PZR SURGE LINE ~

REACTOR ORAIN PUMP DISCH. BEFORE FILTER

REACTOR ORAIN PuMP OISCH. AFTER FILTER

PRE-HOLDUP IX OUTLET

HOLDUP TANK INLET

BA CONDENSATE IX INLET

BA CONDENSATE IX OUTLET

REACTOR MAKEUP WATER PUMP RECIRC. LOCAL
BATCH

REACTOR MAKEUP WATER PUMP DISCH.
SAMPLE

BA MAKEUP PUMP RECIRC.

9A MAKEUP PUMP DISCH.

BA BATCHING TANK

REACTOR MAKEUP WATER TO VCT

VCT DRAIN TO RECYCLE ORAIN HOR.

SHUTOOWN COOLING HX OUTLET

SAFETY INJECTION TANKS ~

H..l!.J&?y55I PROCESS SAMPLING SYSTEM FIGURE

FLOW DIAGRAM
(SHEET 1 0F2) II-F-2



SECONDARY SAMPLING

CONDENSER HOTWELL

SG 1 AND 2 HOT LEG BLOWC)OWN

SG 1 ANO 2 COLD LEG BLOWDOWN

SG 1 AND 2 DOW NCOMER 13LOWDOWN
REMOTE

CONDENSATE PUMP OISCH. CONTINUOUS

CONDENSATE POLISHING OEMINERAL. ON-LINE ANALYSIS

SECONDARY STEAM SG 1 AND2

FEEOWATER

EMERGENCY FEEDWATER STORAGE TK

HEATER DRAINS

MOISTURE SEPARATOR DRAINS

EVAPORATOR DRAINS
I

=?:=

CLOSED COOLING WATER SYSTEMS

LOCAL
BATCH

SAMPLE

GAS SAhlPLING

GAS STRIPPER _ PRESSURIZED
SAMPLE

GAS DECAY TANK _ EOUIPMENT

GAS SURGE TANK
REMOTE

VOLUME CONTROL TANK CONTINUOUS

EQUIPMENT DRAIN TANK
ON-LINE ANALYSIS

REACTOR DRAIN TANK

HOLDUP TANK~

CONTAINMENT ATMOSPHERE LOCAL

CONTAINMENT PURGE EXHAUST
CONTINUOUS

RADIOACTIVITY

PLANT VENT ANALYSIS

POST-ACCIDENT SAMPLING
PRESSURIZED

HOT LEG SAMPLE
EOUIPMENT

REMOTE
BATCH

CONTAINMENT SUMP
SAMPLE

cONTA’NMENT‘R ~

&ii PROCESS SAMPLING SYSTEM
FIGURE

3?5rz I’ I 6 FLOW DIAGRAM
(SHEET 2 OF 2) II-E-2



,.ER
0,,,.,,0”

mL ~

Do
!ECH”ICAL SUPPORT CENT n,

“,s,O, $ ARu .,0 I
CONTROLROOM 0,,,.,, MA,” CONTROL ROOM

E

J

1
1

t ,p ‘
MTA

PFOCC?$lHG
ALAJN SYSTCH SYNC+

RS?
RS?

+

A & &
tk Ar Pm

CC8 cm

II
? T

[Sr

PR~T~H@N
Cowotiwl
COHTROL
:Y$rcH

+ 4

a-1-l-1~ rn’v7r. —

---...——

WNT mrnmN OITS MI SWQRS
f 2“-..

11❑ ml
Copyright c 1991 Combustion Eng{neeriog, inc.

ilg
?All Rights e$erved

b
m
m



STA. EOUIPMENT
OPERATOR I

AuXILIARY
SYSTEM
PANELS

I

ElFUTURE

FUTURE

l————–—_ ____J
--l I

SECOND LEVEL TSC & COMMUNICATION

VIEWING GALLERY I (DII) /

CONTROL ROOM
SUPV SHIFT SUPV=.. ”

\\
“can I

A N-!l-zTRoL&

L-----/
(A7)

iux PUWEh

~~ n

& DIESEL
GEN
(A6) AC

DESK

‘w- ‘OPERATORS

/

{\

SAFETY
MON.
(A3)

\

&❑ DESK ‘c

I~~HEATING
& VENT.

(A4)

PLANT LEVEL
PANELS

\

H
EsF
(A2)

COOLING
WATER

(Al)

IIFuTURE

LEVEL

I ,1 PANELS

,O<m
1 .- 1

uFIRE PRO
(D1o)

1

==w!i!?wI
THE NUPLEX 80+ CONTROL ROOM

SUPPORTS A VARIETY OF
STAFF ARRANGEMENTS

SAFETY
RELATED

INFO

FIGURE

II-E-4



‘\

3w?!.qfjy55I FIGURE
TECHNICAL SUPPORT CENTER

II-E-5



L

ALARM
ALARM h!ESS/4GE

CRT TILES WINDOW

/ I I

I

—

@7 ACT0R COOLA>IT SYSTEM

~ ‘/

I I

r.I ~

m“ .,, /,,.-.
,,,. ,.,.,,., ?..:’,..

--EzF===E3--

3,..m
,,, ..,,,,

I&la
~
I@:

IEI

r Mk

R
,,,.,

DISCRETE
-$ ,., z, ... INDICATORS,.4,,,, ,. .. . .

F7?fsm,zc.

.4,,,,::,,, . .... ,,,.,,,,.,.,.,,,,,.!,,.,,,

,-, i
.— ~

/
‘ PROCESS

CONTROLLER

/



-+3-”

-EN

-“AIW I I

FIGURE

DIAS-N SEGMENT BLOCK DIAGRAM
II-E-7



7— ,—

L

—

—r——

I

-. .

Q

I
I

I
L — _-

Li!i
FIGURE

srwz t’ I & DATA PROCESSING SYSTEM CONFIGURATION
II-E-8



rT--i5lIi’l-T----wLl.-w-----l 1;

G/ID
mP2A, w’ER-

P%%-c P%af

- w4-rd-
1.11

4- — 1 -I*
‘-- * LMICI LIM(

CKMA rtc,
Lacca,umm>,

CM-n I Cn-a (31”!Lm ,0 e“ h,

CID-MMY

1 ‘1 1
lRIH

(KITE 3)
FRW O]$rwc -,-

CPW.I Cmaz

Olscme
m0wc71m
Cacu*lm
—

MJYC ,1

~‘=1%?:71___.___
1

/“_ ______

~
:/

-----
d ------ + --------------

:_-
2

r--
_____ ____________

I
u

3
MCII”7. ~ -J I

:
*&:

p,mm * ‘ ‘
t

–_l. – ____–-k-+l ; r $
,,

1.,,.,,.,,,..,,,.,,,,,,,iwl’u=lq



. .

, ------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1
“A,. CONTROL PANEL

I-’+
C . . . . . . . . . . . .. Z..... . . . . . . . . . . . . . . . . . . . . . . . . . . . .

----------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .

CCS AUXIL IART
EOUIPKNT RODH T

~D

,. ;.. .4.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
RC.Q7E VnI, m.. . . . . .

. . . . . . . . . . . ... . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . .

‘----------

Ikk!
...................................................................;:

LC1 LC 1
::

:;
0 0

0
;:

0
::

::
LCN, LC N

: LOOP CGN, RLLLCRS : ; LOOP C0WRDLLiR3
: RSM31[ ~lCLD LOCATION : RGiO1i FIELD LOCA1[DN :

. . . . . . . . . . . . . . ...4. . . . . . . . ..- . . . . . . .

./s HAND S’J1l C”

P/c PRDCCSS cONr RrxLce

D/H OPCRA1OR’S HOILLC
DOS DATA PROCEXS1ffi SYSTEM

Dlbs D1$CRCTC 1ND1C61[DN AND ALARM SIS, [,

c.. CONIRDL P.NC. MJ,ll%cxce
./7 MC,lNTC”ANC[ .4MD 1[S1 PA!KL

S.,[1” RELAT[D KS, -CCS)
:s PLAN1 PRO1[CIIDN S7S7[8
., s ,0.,. ,..,.0, S. ITC.

. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..J

k
..............l

LC 1

0
0

LCN;

LOOP CONTROLLERS :
R[.DT[ FIELD LOC.l [D” :

,

DISCRITE FIBCR-DP1lC

I+OTE,,, ,YP:CAL ,CR [O HIRDL PAW, DEVICES IF+ [,:. GRouP

2. AV[RK[ 4 CDWOWF+lS P[R LOOP COHTROLLIR

NUPILX 80. [S FCC\ DIVIS]LIF< L

in SYSTEM 80:M ESF-CCS SIZING FIGURE

sfsr~ I’I @ CONFIGURATION
(SHEET 1 OF 4) 11-i=. i n



. . . . . . . . . . . . . . . . ...!

;-..-......:.

,++

2. .10 833-d . -------;-

~ .,O ~,,-,~ > . ...-...>.

,,3.3 ..> Svln

,,,..,”,3) 8,6 . -------:-

,..........:.

. . . . . . . . . . . . . . . . . .

:@

i

:----------------~- :



, --------------- . . . . . . . . . . . . . . . . . . . . . . . ,
: ..). ,0)47.0, PAW.

1- ‘“r-””--’!!ir-
. . . ..$................

L
. 1

CMCRGCI+CYrKCDWA1[R

. . . . . . . . . . .

-Ga \ ~-””,,
. . . . . . . ..l. ..

m j:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

./s HANO SWITCH
@ 1,,-o,[c .,,.

,,, ,RKcss COMTRCILC.

wn 0KRA7CIR,8 .otuc
--- DPT, CA, DATA L,NK

— WRE D,,. L,!+,
DP8 DATA PROCCXXrtL S“5TW D, SCR[, E ,, BCR-0P7, C
D] AS msmcw IND]C611DN AND AL.*M sYsmw

CP” CnMrRrl PANCL .“L1, PLCXIR

M,, liA1t4TCNWX AND lCST PAN[L .0,1 i. AvIRoG[ 4 CDM, D.CNTS Pt. LOW CW, ROLLIR

NL!FLEX 80+ CSPCCS D)/l SIDt{ C

ii!!

SYSTEM 80:M ESF-CCS SIZING FIGURE

5?2W 1’ I & CONFIGURATION
(SHEET 3 OF 4) II-E-1O



. . . . . . . . .:. . . . . .

. . . . . . .

8 A1O S1>-3S3 ----

,,!$+3.9.1 Svla ----

(,,..1”,3, *.O -----

. . . . . . . .

. . . . . . . ..<- . . . . . . .

:- :2
;“~

. . . . . . . . ..–– . . . . . . ..– –-- -.



q

PPS
A

dlil
m,,

mm u? 0

XL

my
LCL

[m

Ott

DPS
L-------
4--------

POWER
CONTROL
SYSTEM

T!q,PwwA:slYT!m-—-
,+ _ _k ‘_L L— ~

“1 1,. —-
=1+- 4 -4- I

.—.
.— t —

I I I 1, I I I I
f’ 1’

g~g 1/01 ~ iki 1/02 i /i I

“-1 I I I ,

.!, ,:1 I

-_—
I i!~L-=-==-idw

..811 I’ll

T-2J

Pcs WY%_ .%.
LOGIC I

,7

DIS?LA1

CABINET L---
Pmxssm

,

1
MAIN Mm.,,,

w!% D
co

,CCINTROL ;“y; msmm
0,, “cm

PANEL J
— —-—— ———— ——— ——— — —— ——— —

LEGEND

m&I 1

:;:DLM

-. —.-

kA7A U*
r,cn O+!!c
.-—.-

~pamm, ~

.— -



PU CONSUMPTION IN ALWRS
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F. FUEL HANDLING STORAGE

The System 80+ Refueling System consists of the equipment, tools and procedures for

refueling the reactor in a safe, efficient and rapid manner. The Refueling System tools and

equipment result from the evolution of the design during the past twenty five years.
Experience from operating reactors iscontinuously factored into thedesign to enhance the

operation and reliability of the Refueling System. Major improvements have been factored
into the current System 80+ design. The foremost of these improvements are

summarized balow:

. Thabuilding arrangements provide improvad personnal andequipment flow and

staging for activities in the reactor building. Examples of these improvements
are a Iarge closed staging araa outside the equipment hatch to improve material
flow to support reactor building activities. Access tothe reactor building

operating floor can be gained through either the personnel Iockortha

equipment hatch. Both access points allow personnel traffic to the 360 degree
hallway outside of the crane wall. Jibcranes andhoists are located at

strategic points in the reactor building to support maintenance activities and
lessan the work load previously assigned to the polar crane.

● A permanent pool seal isincluded inthedesign eliminating the handling of the
removable pool saal previously raquired to accommodate the prassure

increases due to the blowdown loads resulting from double ended pipe breaks.

● The multiple stud tensioner design has advanced to permit detensioning and
removal of 100 percent of the reactor vassel studs at ona time.

● Thehead araamissile shield is incorporated inthehead area cable tray

structure eliminating the handling of a separate missile shield.

. The addition of acomputer systamto therefueling equipment improvas the

Iocating accuracy of the equipment and provides for increased operating

speads without jeopardizing tha safety of tha fuel assembly handling
operations.

. A quick opaning transfer tube penetration sleeve closure is incorporated to

significantly reduca parsonnal radiation exposure and preparation time fortha
fuel transfar systam.

● A refueling machine simulator isincorporated inthedasign to allow operator

training prior totherafueling outage.

● The spent fuel machine duplicates the refueling machine in control and

operation to easa operator training requirements.

Additional features that ara also incorporated in previous System 80+ plants to minimiza

outage time include the following:
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● The bottom mounted ICI assembly design allows the withdrawal and insertion

of the instrumentation at the same time as the reactor vessel closure head

disassembly/reassembly operations. Top mounted ICI assembly design requires

that these activities be performed in sequence.

● The control element assemblies are removed from the fuel assemblies in the
reactor core as part of the removal of the uppar guide structure assembly
removal operations. This combined removal eliminates the time consuming

handling end exchanga of control element assemblies during the fuel handling

operations. The control element assemblies are installed back into the reactor
core when the uppar guide structure assembly is installed in the reactor vassel.

The system includes the equipment for the removal and replacement of the following: the

reactor vessel closura head assembly, the head area cable tray system (HACTS), control

rod drive mechanisms (CEDMS), in-core instrument [ICI) assemblies, reactor vessel
internals, control element assemblies (CEAS), and fuel assemblies. The systam also
includes equipment for new and spent fuel assambly storage, inspection, and shipment.

Water is used to provide radiation shielding for refueling operations. System 80+ does

not hava an external refualing water storage tank. Water required for refueling operations

is stored inside the reactor building in the In-containment Refueling Water Storage Tank.

The efficient transfer of the raquired water into and out of the refueling cavity is an
important consideration during refualing operations. This tank is also usad in the
mitigation of postulated design basis events.

The Refueling System tools and equipment can be conveniently divided between those

required in tha reactor building and those raquired in the nuclear annex. Major rafueling

equipment Ioceted within the reactor building includes: the refueling machine with its

computer control system and underwater closed circuit television system, fual transfer
system upender and operating console, CEA chenge platform, CEA elevator, reactor vessel
closure head lift rig, head araa cable tray system with integral missile shield, multiple stud
tensioner, upper guide structure (UGS) lift rig essembly, and the core support berrel (CSB)
lift rig assembly. Major refueling system equipment Ioceted within the nuclear annex

includas: spent fuel handling machine with auxiliary hoist and computer control system;

fual transfer system upender, console and fual carrier; new and spant fuel storage racks;
and naw and spent fuel inspection stations. The proposad arrangement of aquipment in

the reactor building is shown in Figures II-F-1 through II-F-3, respectively.

The refueling system is designed such that the refueling can be accomplished in a

minimum amount of time with (1) maximum safety, (2) a minimum probability of
mishandling, (3) efficiency of equipmant operation and procedures to minimize the length
of the refualing outage, and (4) as low as reasonably achievable (ALARA) personnel

radiation exposurea. Thase requirements are accomplished by the following feetures.

Positive grappling is provided for all fuel assembly and component handling devicas to
precluda inadvertent release of the components being handled. Electrical and mechanical

interlocks are included to ensure correct sequential operations of system components.

Travel limits and handling load limits ere used to ensure that component dasign parameters
are not exceeded. Sufficient watar coverage during fuel assembly and core componant

handling and storage is maintained to minimiza tha radiation levels in the work area.
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Crevice free designs of wetted components facilitate decontamination. Utilization of
parallel disassembly and reassembly operations minimize tha outage time. Manual backup

features for all electrical controlled hoisting and traval functions ara provided. Computer

controlled fuel handling equipment provides optimized travel paths, minimize refarral to
written operating instructions in technical manuals (help menus and displays are available

on touch screen computer displays) and automatically record fuel assembly movements for

core verification. The equipment contains, where practical, davices which will function to
bring the operation to a safe condition in the event of a failura. Maximum visibility is
maintained and visual displays provida the most efficient operation of the equipmant.

Refueling Operations

A brief description of the refueling procedure follows as an aid to understanding the

descriptions of the tools and equipment.

1. Refueling Procedure

Prior to plant shutdown, operators are trainad in the use of the fuel handling system

equipmant. The training can be parformed with aither tha rafueling machine simulator or
the spent fuel handling machine which duplicates the controls and operations of the
refueling machine. Tha naw fuel assemblies ara moved to the spent fual storage racks
where they will be readll y accessible to the spent fuel handling machine. At the start of

the refueling outage the generators ara disconnected and the plant is shutdown and cooled

to the required refueling temperature. After containment access is gained, tha control rod

driva mechanisms are disengaged from their axtension shaft assemblies by de-energizing
the coil stack assemblies, and tha control alemant driva mechanisms (CEDMS) and haated

junction thermocouple (HJTCS) cabling connectors ere disconnected. Tha head area cable
tray structure, with intagral missila shield, is ramoved from over tha reactor vessal head. In

parallel with these operations, the reactor coolant Iaval is lowered to at least 12 inches

balow tha raactor vessel flanga.

The CEDM cooling menifold is disconnected from its ductwork, and the raactor vessel
head vent line, as well as sections of the reactor vessel head insulation are removed. The

multiple stud tensionar is employad to remove the preload on the raactor vessal studs and

to remova the studs, nuts, and washers to the storage area. After two reactor vessel

closure head alignment pins and tha full complement of stud hole plugs are installed, the

closure head lifting frama is installed on the haad lift rig assambly, and tha closure haad

ramoved to its storage location. As the haad is removed, the containment pool is flooded
with watar.

The bottom mounted ICI assemblies are withdrawn in parallel with tha disconnection of
the CEDM cables and removal of the reactor vessel studs. This is accomplished by

disconnecting mechanical and electrical connations at the ICI seal table and the pool wall
and removing the ICI cable tray frame assembly. An ICI holding frame is installed at the

top of the pool wall diractly over tha seal tabla and each ICI is withdrawn from the seal

table, with the CEA changa platform hoist, and sacured to the holding frame.

Tha transfer tuba penetration sleava quick opening closure is removed as soon as practical

to permit preoperational tasting of the fuel transfer system. The transfer tube valve is
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then closed during ell heavy lifts within the flooded containment pool to preclude water
level changes in the spant fuel pool should a heavy load be inadvertently dropped.

The uppar guide structure lift rig is removed from the upper guide structure laydown araa

and installed on the uppar guide structure assembly. The lift rig work platform is lowered,

the extansion shaft assemblies latched to the work platform, and tha axtension shaft
assemblies and control alement assemblies are than withdrawn into the upper guide
structure assambly. The upper guide structure assembly is Iiftad from the reactor vassel

by the polar crana and transferred to the upper guide structure Iaydown area whare it
remains completely submergad during tha refueling outege. At this point, the fuel transfer

valva is opanad to parmit the fual handling sequence to bagin.

The rafueling machine, controlled by a state of the art computar system, positions the

rafuaiing machina at the dasired cora location in accordance with preprogrammad softwara

instructions. Once the refueling machine is located over the proper fuel assembly, tha fuel

hoist box is lowered and the operator actuates a fuel spreading device to minimize contact

of adjacant fuel assemblies with the fuel assembly being handled. The hoist is lowered
further until the grappla angages tha fuel assambly and automatically stops by an

underload intarlock. Aftar the computar verifies that the grapple is at the correct grappling

elevation, a grappla parmit interlock is anargized and the oparator positively locks tha
grapple to the fuel assambly. The hoist motor is energized and tha fuel assembly ia raised

into tha fuel hoist box which supports and protacts the fuel assembly. The hoist box and

fual assembly are raisad into tha rafualing machine mast. As tha fuel assambly is lifted,
tha grapple is mechanically keyad to the hoist box and to the fual assembly to precluda

disengagement of the fuel assambly, even if the grapple is inadvertently actuatad. An on-

board closad circuit television system monitors fuel grappling and movament, and allows
remote verification of proper fual location and orientation.

After ramoval from the cora, the apant fuel assambly is movad underwater to either the
intermadiata fuel storage rack or the fual transfar system depending on the fuel handling

saquenca. At the fual transfar systam upandar, it is installad into the ampty fual carriar
cavity, then the rafualing machina is indexad over the other cavity where the new fuel

assambly is located. The new fuel assambly is ramoved from tha fual carriar and installad
into the core while the upender moves the fuel carrier to the horizontal position and

transfers it through the transfar tube to the fuel building.

When the fual carriar reaches tha fuel building, a second upander returns the carriar to the

vertical position. The spent fual handling machine installs a new fual assembly into tha

empty fuel carriar cavity then indaxes over the othar fuel cavity and removaa tha spant
fual assambly. Tha spent fuel handling machina movas to tha assigned fuel rack cavity

location while the new fuel assembly is moved to the reactor building In this manner,

both tha refueling machine and the spant fuel handling machine always travel with a fual
assembly which minimizes the refueling tima. The removed spent fuel assemblies are

inspected at tha spant fual inspection station as requirad by the fual handling procedura.

Tha aquipment and procedures ara dasigned to permit handling of tha control elemant

assemblies and ICI assemblies to proceed in parallel with the fual handling operationa.

Complete CEA raplacemant operations ara only expacted to occur at approximately 15

yaar intarvala. Routina ICI assambly changaout is performad as part of the normal
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refueling outage. During control element assembly replacement operations, the control

elemant assemblies are removed from the stored upper guide structure essembly end

placed into the CEA elevator with long handling tools. Once in the elevator, the CEA is

disassembled, the CEA rod is cut into two piaces and placed into a transport container for

shipment to the nuclear annex via the fuel transfer system. New control element
assemblies are assambled in the CEA elevator and installed into the storad UGS.

Replacement of an ICI assambly is accomplished by winding up all but the highly
radioactive end portion onto a reel located on the CEA change platform. The end portion

is cut into pieces by an ICI cutter. During tha cutting operetion, the piecas are placed into

a transport container which is transported to the nuclaar ennex by the fuel handling

equipment for eventual disposal.

At the completion of the fuel handling operation, the fuel transfer tube valve is closed and

the upper guida atructura assembly ia reinserted into the reactor vessel. The control

element assemblies and extension shaft assemblies are lowered into position and the UGS
lift rig is uncoupled from the extension shaft assemblies and the upper guide structure

assembly is moved to the upper guide structure Iaydown area. The water in the pool is
lowered and the reactor vassel closure head assembly is moved from its storage location

until it ia positioned ovar the reactor vessel and slowly lowered until the raactor vessel

alignment pins are engaged. After engagement, the closure head is slowly lowered until
seated. The alignment pins and stud hole plugs are removed, the head bolted down, the

transfar tube closure installed, and the ICI assemblies inserted into the seal table.
Following this, the ICI cable tray support aasembly is installed, the CEDM cooling manifold

installed, and the head area cable tray system replaced.

After pool wall and refueling equipment decontamination, containment leak testing, and

physics testing are completed and the generator is synchronized, completing the refueling

outage.

2. Reactor Vessel Level Indication for Refueling and Cold Drain-Down

Instrumentation is provided to monitor the water level in the refueling cavity during
refueling operations to ensure adequate radiation shielding whan assemblies are being

handled or the reactor internal components are baing transferred between the Iaydown

areas and the reactor vessel.

Additional instrumentation is provided to monitor the water level during reduced inventory

operations with shutdown conditions. The instrumentation provided for water level
monitoring during refueling, particularly mid-loop operation, represents a significant

evolutionary design improvement. The watar level monitoring instrumentation

substantially raduces the risk of loss of shutdown cooling capability. The instrumentation
provides data that will enable the operator to take earlier action to correct the water level

and mitigate the potential consequences of an unplanned reduction in the water level.

a. Normal Refueling Wate r Level

During normal fuel assembly handling operations the refueling cavity water level is

maintained at an elevation 7.3 m [24 ft) above the reactor vessel flange. This level
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provides sufficient shielding to plant operations personnel during fuel handling. When the

raactor intarnals components are being transferred in the raactor cavity the watar level is

varied as necessary to support componant handling. Whenever the water is being

changed or heavy components, such as the reactor internals, are being handled in the
refueling pool tha transfer tube valva is closed to maintain the watar Ieval in tha spent fuel

pool.

During normal refualing operations, the water level in the rafueling cavity is monitored with

two (2) wide range diffarantial pressure based sensors. These sensors alarm when tha
water level reaches either the high or low Iaval setpoint. These wide range sensors are

discussed in tha following section. Additionally, a Refueling pool Iaval switch is activatad
to directly monitor the normal refueling cavity watar Iavel. Protection for overfilling tha

raf ueling cevit y is providad by overflow skimmars in the cavity wall.

b. Reduced Inventorv One rations Wat er Level

Instrumentation is provided to determine the watar level and water temperature in tha

raactor vessal when the watar level is lowerad during raduced invantory operations.

Raduced inventory operations occur whenever tha water Iavel is Iowared to more than

three (3) feat below tha reactor vessel flange, to a minimum Iavel at tha centerline of the
reactor vessel outlet nozzlas (referred to as mid-loop level). This lowering occurs for

activities such as installation of the staam generator nozzle dams. In order to minimize tha
rediation dose rates in the reactor building, the reactor vessel heed is installed when
operating at the mid-loop condition. The water Iaval is closely controlled at mid-loop to
ensure shutdown cooling is maintained. The instrumentation provides the operator with

diverse and redundent indications that the level is being properly maintained.

Four (4) instrument pairs are providad for the measurement of the watar level during RCS

draindown and raduced invantory operations. Thasa instruments maka up tha rafueling

water level indication system. Two (2) wide, range, diffarantial pressure basad level

sensors are provided which function to redundantly measura the watar level anywhare
between the pressurizer and the junction of the shutdown cooling auction line on the
reactor coolant system hot leg.

Two (2) narrow range differential pressure basad level sansors ara utilized to determina
reactor coolant systam water level within the raactor vassal. Tha narrow range Ieval

sansors function to measure tha wster Ieval in tha reactor vassel batween tha direct vassal

injaction nozzles and the junction of tha shutdown cooling suction Iina with tha reactor

coolant system hot leg.

One wide range and one narrow range diffarantial pressure instrument ara connected to
aach shutdown cooling suction Iina. Separate lower Iavel tsps ara providad for each

instrument. The wide range and narrow range instruments operate with or without the

reactor vassel haed in placa. Thase instruments can be usad in all plant oparating modas
with or without the reactor vassel closure head installed.

In addition to the differential pressura sensor instruments, a mid-loop monitoring system is

provided to maasure the water level during plant shutdown conditions with the raactor
vessel closure head installed. This system consists of two (2) probe assemblies containing
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of a series of heeted junction thermocouples and unheated reference thermocouples. The
temperature readinga of the heeted junction thermocouple are compared to the reference

thermocouple. When eny heated junction thermocouple is not immersed, the temperature
rises in comparison to the reference thermocouple due poor heat transfer in air es

compared to in water theraby indicating the water level.

The heated junction thermocouples are spaced vertically from tha above the fual alignment
plata in the uppar guide structure essambly to abova tha top of tha raactor vessal outlat

nozzla. Closely spaced tharmocouplas indicate the water level during reduced inventory

operations to ensura shutdown cooling suction is maintained.

Saveral instruments ara evailabla for continuous tamparatura maasuraments during
raduced invantory operations with the reactor vassal closure head installad. Thase include:

. cora exit tharmocouplas
● shutdown cooling heat exchanger inlet and return line temperature sansors
8 hot lag resistance temperature detectors
. mid-loop monitor system thermocouple

All of thasa instruments provide raprasantativa indications of tha core exit temperature

whan tha shutdown cooling system is operational. If tha shutdown cooling systam fails,

tha core exit thermocouples, hot leg RTDs, and mid-loop monitor system thermocouples

ara availabla to track the rasponsa to the loss of shutdown cooling or tha approach to
boiling in the core.

Refueling System Tools and Equipment

The refueling system includes tha tools and equipment that are required to prapare the

raactor for refualing and to store and handle tha reactor core components prior to and

during tha rafueling outage. Tha reactor core components consist of tha fual assamblias,
control alamant assemblies, nautron sourcas and ICI assemblies. As servicing of tha
raactor vessel and steam ganerator are closaly allied with tha refueling evolutions, the

tools and equipment associated with servicing these components ara also described in this

saction.

The rafualing system tools and aquipmant are Iocatad in the reactor building and nuclaar

annex. Tha following descriptions are orgenized to divide tha tools and equipmant by tha

buildings that thay are primarily used in.

1. Reactor Building Tools and Equipment

Tha following tools and aquipmant support the refueling activities in the reactor building.

Thase items are primarily usad only during the rafueling outage and are not requirad during

plant oparation. The arrangement of tha reactor cavity pool and the major equipment is

shown in Figure II-F-1. Tools and equipment in the raactor building ara presentad below in
groups of itams having ralatad functions.
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a. Fuel Handlina Eau inment

The reector building fuel handling equipment transfers the fuel assemblies between the

reactor vessel and the transfer system upender. Movements of fuel assemblies within the
reactor vessel are also done with this equipment.

● Refualing Machina (Figura 11-F4)

The refueling machine is used to relocate fuel assemblies within the core, and move fual

assemblies between the core, the fuel transfer system, and temporary storage in the
intermediate fuel storage rack Iacated in the reactor building. In addition, the machine is

ueed to move the lC1/CEA transport container betwean the transport container rack and
the fuel transfer system. The refueling machine also serves as a movable work platform
within the pool erea for other related tool handling operations.

The machine consists of a bridge assembly and trolley asaembly thst permits precise

positioning of the mast assembly containing the fuel grapple over each fuel assembly to be
handled. The hoist system, in the mast aasembly, incorporates speed and load control

interlocks to permit the safa withdrawal of fuel assemblies from and insertion into the
core. The machine is also providad with an articulated grapple and fuel spreading device

to accommodate deviations of the fuel aasembly from tha theoretical position to enaura
the fuel assembly being handled does not hang up on the adjacent assemblies in the
reactor core.

Positive mechanical grappling between the fuel assembly and refueling machine grappla is

provided that permits the grapple to opened only at elevations corresponding to the core

saating surface and tha transfer system upender. Positive mechanical atops are used to

control the maximum height that the fual assembly can be lifted relative to the reactor
core seating surface to ensure sufficient water coverage for radiation shielding.

The refueling machine rails are used to support the refueling machine and the CEA changa
platform during their movement within the reactor building . The rails are machined and

installed with controlled tolerances to maintain the required positioning alignment of tha
refueling mechlna with reapact to the fuel assemblies within the reactor vessel. Precisa

positioning allows the fuel handling process to be accelerated and minimizes potential fuel
handling damage. The raila incorporeta seismic holddowns to preclude the equipment from

falling into the pool during a seismic event.

The refueling machine set-up and alignment fixtures are used to initially align the fuel
handling equipment during initial equipment installation to ensure that it will oparate in

accordance with the required precision.

● Fuel Transfer System (Figuras II-F-5 and II-F-6)

The fuel transfer system ia used to move fuel assemblies, the lC1/CEA transport container,

and the dummy fuel assembly through the fuel transfer tube assembly connecting the
nuclear annex and the reactor building. The transfer system consists of e two cavity fuel
carrier, upenders, devices for the remota actuation of the upendars, control consoles, and

a winch mechanism to propal the carriage between the upenders. The two cavity fuel
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carrier permits the refueling machine and the spent fuel handling machine to travel fully

loaded at all times, thus significantly reducing the fuel handling time. As an exampla, the

spent fuel handling machine places a new fuel assembly in one carrier cavity and translates

to the second terrier cavity to remove the spent fuel assembly being transferred from the
reactor building.

Load interlocks preclude demage to the fuel carrier in the event of contact with other
equipment or objects. The upenders provide precise positioning of the upendad fuel carrier
for access to the fuel assembly by the refueling machine and the spent fuel handling

machine. A dual cable drive systam ensures access to the fual carrier in the event that one

cable fails. Whanever the fuel carrier is retracted into the transfer canal in the nuclear
annex, the trensfer tube valve can be closed. Therefore personnel entry to the transfer

canal is not required to set up the transfer system. The upenders are designed to be
ramotely removable from the pool without requiring the water level in the refueling cavity

or spent fuel storage pool to be lowered.

The hook and wrench tool is used to remotely unlock the transfer system upendar from

the floor embedments to permit tha upender to be removed for servicing from the flooded

pool without requiring the pool water level to be lowered.

● Fuel Handling System Computer System

The control system is based upon modern, state-of-tha-art equipment and techniques, with

each machhe having either a programmable logic controller or e computer es the heart of

the control system. Signals are transmitted betwean the fuel handling machines to
preclude actions that are detrimental to the fuel assemblies or the machines.

The new fuel elevator, fuel transfer system, CEA change platform, and tha CEA elevator

are controlled by programmable logic controllers. The refueling machine and the spent
fuel handling machine and the simulator are computer controlled. The computers are AT-

compatible and usa software configured for the specific application. All machhes in each
refueling system are networked together via e shielded pair of conductors and/or a coax

ceble (the computer network) to provida a simple, powerful method for communicating
machine status and other pertinent information from ona machtne to another. The facility
wiring using this natworking is greatly reduced comparad to previous control systems and

provides greater flexibility for future modifications or enhancements.

The refueling machine computers perform the following functions: hoist motion interlocks;
hoist speed control, including acceleration/ deceleration parameters, maximum speed

satting and speed restrictions; bridge and trolley motion interlocks; bridge and trollay,
including acceleration/deceleration parameters, maximum speed setting, and speed
restrictions; eutomatic fuel spreader control; automatic hoist latch control; operating zone

boundary monitoring; load weighing interlocks; grapple zone control; computer and
underwater tv camera display; security access to data files; data logging of movements

and fuel sarial numbars; resolver verification and trending; core mapping; automatic

compensation; report generation; manual/automatic control; help/diagnostics menus; and

graphic displays.
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● Intermediate Fuel Storage Rack

The intermediate fuel storage rack is usad for the tamporary underwater storage of up to

six fuel assemblies in the refueling pool core support barrel laydown area. They may be
aither naw fual assemblies or spent fuel assembliaa dapanding on the operations being

performed. The intermediate fuel storage rack is also used to provide temporary storage of

the lC1/CEA transport container during its movement from the trensport container rack to

the fuel transfer system, The polar crane is usad to move the lC1/CEA transport container
from the transport container rack to the intermediate fuel storage rack, and the refueling
machine moves the transport container from the intermediate fuel storage rack to the fuel

transfer system.

b. Closure Head Area Service EauiDment

The closura head area sarvice aquipment is used to prepare the reactor for rafueling. This

equipment providas additional functions during the oparation of the plant. However, the

design of this aquipmant is an integral part of the refualing outage.

● Closure Head Lift Rig Assembly [Figure II-F-71

The closura head lift rig assambly is used to lift and transport the closure head assembly
and includes the fol[awing components: reactor vessel closure head; haated junction
thermocouple pressure housings; mid loop monitoring system pressura housings; COntrOl

element drive mechanisms; closure haad insulation; and cabling from the heated junction

thermocouple system, the mid loop monitoring system,the acoustic Iaak monitoring

system, and the loose parts monitoring system. The closure head rig assembly, in
conjunction with the control element drive mechanism cooling manifold, pravides a cooling

air flow path to route cooling air around the control elemant drive mechanisms.

The closure head lift rig assembly is permanently bolted to pads on the reactor vessel head

and includes a skirt, plenum plata, work platform and lifting frame assembly. The work
platform provides accass to the top of the control element drive mechanisms for

connecting and disconnecting the various cabling that runs from tha closure haad

assembly to tha head area cable tray system. To minimize the number of heavy lifting
equipment that is stored in the reactor building, the lifting f rama assembly is also usad to

lift and transport the multipla stud tensionar with the full complacent of reactor vassel

studs, nuts and washers.

The closure haad lift assembly is assambled from painted carbon steel components.

● CEDM Cooling Manifold (Figure II-F-8)

The CEDM cooling manifold is used to provide a uniform distribution of the CEDM cooling

air flow from the cooling ductwork to the closura haad lift rig assembly flow skirt. Tha
manifold is fabricated in four segments, with quick acting fastaners, to permit the rapid

attachment and removal of the ductwork from tha closure haad lift rig assambly. The
reactor vessel flanga insulation is an integral part of the cooling manifold. This feature

reduces the number of lifts and the time raquired to prepare the reactor vessel studs for

removal.
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The CEDM cooling manifold is easembled from stainless steel components.

● Head Area Cable Tray Systam (HACTS) (Figure II-F-9)

The head area cable tray system is used to support a network of trays, walkways and

termination panels for the reed switch position transmitters (RSPTa), the control element
drive mechanism (CEDM) power cebles, the heated junction thermocouple (HJTC) cables,

end other cables routed in the head area. These cables emanate from the top of the head
lift rig esaembly and end in junction panels mounted on the HACTS adjacent to the steam

generator walls. The HACTS simplifies the cable interfaces by segregating the CEDM and

HJTC cables by control channel and function at the easily accessible junction panels. The

cable tray system also provides a missile shield to prevent damage to safety related
equipment from potential missilas generated in the head area during plant operation. Onca
the cables have been disconnected at the junction panels and at the interfaca connections

between the head area and the cable tray, the entire system is removed to storage by the

polar crane thereby providing complete access to the reactor vessel head area.

The main support structure consists of two beams that span the refueling pool and bolt to

corbels on the steam genarator walls. The end connections incorporate lead-in faatures to

accurately locate the HACTS over the reactor vessel closure head assembly end to
accommodate the tharmal growth of the HACTS during plant operation. The corbels are
situated such that they do not interfare with movement of the refueling machine and CEA

change platform.

● Reactor Cavity Pool Seal

The refueling pool seal connects the reactor pressure vessel upper flange to the floor of

tha refualing cavity to permit filling of the refueling cavity for fual handling activities.

During normal refueling operations, the pool seal is designed to withstand the pressure
resulting from a water head that is the full depth of the refueling cavity from the elevation

of the oparating floor, and ovarpressure in a full cavity caused by seismic events. The

pool seal will also withstand the impact of a fuel assembly dropped from the maximum
height that it is raised above the pool seal by the rafueling machine during transit.

Pool seal welds required for structural intagrity or sealing integrity are inspectable. Access
ports are providad for ex-cora detactor servicing and inspections, and for cavity
ventilation.

c. Reacto r Vesse I Internals Servic e EauiDmen[

The reactor vessel internals service equipment is used to remove, install and store the

uPPer guide structure assembly and core support barrel assembly in the refualing cavity.
The upper guide structure assembly is removed to gain access to the fuel assemblies at

each refueling outage. The core support barrel assembly is removed only for ASME Boiler
and Pressure Vassal Code inspections at approximately tan (1 O) yaar intarvals.
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● Upper Guide Structure Lift Rig Assembly (Figure U-F-1 0, Sheets 1 and 2)

The upper guide structure lift rig assambly is used to withdraw the control element

assemblies from the core and to remove the upper guide structure essembly end control
clamant assemblies from tha reactor vessal to the upper guide structure Iaydown area. All

extension sheft assemblies with their atteched control elament assemblies ere Ietched to a
movable plate in the lift rig, and are raisad and lowered simultaneously with the plate. The

UGS lift rig assembly is attached to the upper guide structure assembly with three (3)
bolts that are operated from the top of the lift rig. The UGS lift rig assembly is Iiftad with

the polar crana.

At tha conclusion of the outage the UGS lift rig is used to raplace the upper guide

.StructUra in the reactor vassal and reinsert the control elament assemblies in the reactor
core. During CEA handling operations, the upper guide structura lift rig is used to

temporarily store the CEA axtension shaft assemblies when it is placed on the core

support barral storage stand.

● Cora SuPport Barrel Lift Rig Assembly

The core support barrel (CSB) lift rig assembly is used to couple the core support barral to

the polar crane as the core support barrel assembly is removed from and installed in the
raactor vessal. The spreadar waldment and tie rod assembly is shared with the UGS lift rig

assembly to raduce the amount of lifting equipment stored in the reactor building. Three
(3) column adapters and bolt assemblies connact the waldmant to the core support barrel

assambly for lifting with the polar crane.

d. CEA Se rvicina Eau iDmen$

The CEA servicing aquipment is usad to assambla, transport and dispose of control
element assemblies in the raactor building. The CEA change platform and lC1/CEA

transport container are also used for ICI assembly handling activities.

● CEA Change Platform (Figura II-F-11)

The CEA change platform is used for new and spent control element assembly (CEA)
handling operations, spent CEA disposal operations, ICI essembly withdrawal operations
from the ICI seal table, naw ICI assembly insertion operations, and the cutting and disposal
of spent ICI assemblies Most of thasa operations are performed in parallal with the fuel

handling.

The CEA Change Platform consists of a motorized work platform and gantry hoist that
apana the refueling pool and travels on tha same rails as the refualing machine. The

controls for oparation of the CEA handling tools, ICI cutter assembly and CEA cutter
assembly ara incorporated in the CEA change platform control consoles.

An ICI retriaval cart is mounted on rails located on tha platform bridge. The retrieval cart

is positioned ovar the ICI assembly schaduled for ramoval. The minimally radioactive

uPPer Portion of tha ICI assembly is coiled on a disposable reel for shipment off site. The
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retrieval reel contains interlocks to ensure the highly radioactive portion of the ICI

assembly is not withdrewn above the sefe water depth.

● CEA Elevator (Figure II-F-12)

The CEA elevator is used to assemble new control element assemblies and to disassemble

and dispose of spent control element assemblies . The elevator consists of a carriage that

holds either a 12 rod or a 4 rod CEA and the lC1/CEA transport container. The carriage is

mounted on rails attached to the pool wall and is powered by an electric hoist mechanism.
By positioning the carriage at the designated elevation, and using tha appropriate tooling,

the varioua CEA essembly and disassembly operations can be performed. Load and
mechanical interlocks ensure adequate water coverage over the irradiated components at

all times.

New CEA Assembly Tools

A group of specialized tools are provided to assemble new control element assemblies in

the refueling cavity. These tools are used in conjunction with the CEA elevator. The
control elament assembly roda ere recaived at the site in a special shipping container end

must be removed from the container and placed in the CEA elevator for assembly.
Fixtures are provided to lift the rods from the container and position the rods in the

configuration of either a four finger or twelve finger control element assembly. After the
rods are positioned, additional tools are used to position a CEA spider on the rods. Nuts

are placed on the rods and torqued to the prescribed value before crimping the nuts to lock
them to the CEA rods.

CEA Handling and Disposal Tools

Special handling tools are used to lift the control element assemblies between the CEA

elevator and upper guide structure. The control element assemblies are kept under water

during handling and disposal to minimize parsonnel radiation exposure. Thesa toola
provide support and guidance for the control element assemblies as well as maintain the

rod pattern during handling. These tools are connected to the hoist on the CEA change

platform when in use. The CEA handling tools contain interlocks to prevent mishandling.

When the control element assamblias are to be raplaced, the assemblies are transferred

from tha upper guide structure to the CEA elevator. The CEA disassembly tool is usad to
remove the crimp nuts from the CEA rods so that the CEA spider can be removed. After

the spider is removed, the rods are lifted from the alevator to the transport containar and

cut to lengths shorter than a fuel assembly using the CEA cutter. When the lC1/CEA

transport container is full, it is moved to the spant fuel pool using the fual handling

equipment.

e. Reacto r Vessel Head Disasse mblv EauiDment

The reactor vessel head disassembly equipment is required for the removal of the reactor

vessel studs.
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● Multiple Stud Tensioner

The multiple stud tensioner accomplishes simultenaous controlled tensioning/detensioning

of the reactor vessal studs, rotating of tha stud nuts, screwing in and out of tha studs and
transport of the studa and nuts to a storage stand on the operating floor. Tha multipla

stud tensioner is fully eutomatic and completes each of these individual tasks on all reactor
vessal studs simultaneously.

Operation of tha multiple stud tensionar is parformed from the control station located on
tha opareting floor. The tansioner includes the tensioning units, rotation devices for stud

and nuts as well as elongation indicators to measure the stud tansion. The tansionar is
powerad by a hydraulic pumping system.

f. ICI Handlirm Tools and EauiDment

The ICI handling tools and aquipmant ara used to install new ICI assemblies in the reactor,

withdraw the ICI assemblies for refueling, insert tha ICI assemblies following refueling and
to dispose of spant ICI assemblies. The ICI assemblies ara insertad into tha fual

assemblies during plant operation and must withdrawn from the fuel assemblies bafore the
fuel is movad.

Tha CEA change platform and lC1/CEA transport container ara used in conjunction with

these tools and equipment.

● ICI Holding Frame

The ICI holding frame is usad to hold the ICI assemblies after they have baan withdrawn

from the seal table during refueling.

The holding frama is mounted at the top of the refueling pool wall directly above the ICI

saal tabla during the rafualing outaga. It is removad and storad on the operating floor
during plant operation. The holding frame maintains the uppar end of tha ICI assemblies
out of watar but below the oparating floor Iavel to permit passage of tha refueling machine

bridga over the assemblies while the refueling machina is anrouta to the transport
containar rack. The frama support tha weight of tha ICI assemblies and also a work
platform which permits oparator accass to the ICI assembly electrical connectors.

The ICI assemblies ara withdrawn and latched to tha holding frame using the hoist on the

CEA change platform.

The CEA change platform can be driven over tha holding frame for thase operations.

● ICI Cable Tray Assembly

Tha ICI cable tray assembly supports and separates the ICI cabling from the ICI seal table

to the cable connector panels Iocatad on tha pool wall abova the seal table. The cabla tray
assembly includes a work platform to provide easy operator accass to the cable junction

panels at tha side of tha refueling cavity.
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The ICI cable tray is removed from the refueling csvity et the beginning of the refueling

outage before the ICI holding frame is installed.

ICI Tools

The ICI assemblies must be withdrawn from the reactor core prior to refueling the reactor

as the assemblies are inserted into the fual assemblies. Withdrawal is performed by
attaching an ICI retrieval tool to each ICI assembly. The hoist on the CEA change platform

is connected to each retrievel tool in turn to raise the end of the ICI assemblies to the ICI
holding frame where the retrievsl tools are used to fasten the assemblies to the freme.

Following refueling or when installing new ICI assemblies, insertion tools are supplied for

aeating the ICI assemblies in the fuel assemblies. The primary insertion tool straightens

the ICI essembly as it is pushed into the guide tube. When the sssembly is within

approximately one foot of its seated position, the secondary tool is attached to the seal
plug on the assembly to push the assembly into its seated position.

The ICI assemblies require periodic replscamant due to depletion of the rhodium detectors
which affects the instrument sensitivity. Special tools are providad to perform this

activity. The CEA change platform includes a windup reel for ICI assembly disposal. The
slightly contaminated portion of tha ICI assembly that is in the guide tube is wound onto

the reel and the lower 30 feet that is normally in the reactor is cut and placed in the

transport container using the ICI cutter assembly. The transport container is moved to the

spent fuel pool using the fual handling equipment.

9. ~EDM and Extension Shaft Assemblv Sa rvicina EauiDmenl

The CEDM and extension shaft assembly servicing equipment is provided to perform the

initial installation of the control element drive mechanisms (CEDMS), disassemble and

reinstall CEDMS, and to handle and install extension shaft assemblies on the control

element assemblies. With the exception of the venting tools, this equipment is used
infrequently.

h. HJTC Se rvicina Tools

The HJTC servicing tools ere used to service the heated junction thermocouple (HJTC)
pressure housings and mid-loop monitoring system pressure housings on the reactor

closure head during disassambl y/assembl y of the pressure boundary.

i. Trainina and Test Eauioment

Equipment is provided to allow operator training in fuel essembly and control element

assembly handling without the need for use of actual reactor core components. This
equipment is also used to test the refueling systam tools and equipmant prior to the
refueling outage.
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● Refueling Simulator

The refueling simulator is a free stending, portable console which mounts end houses the

equipment to perform diagnostic chacks and validation of hardware and software functions
in the refualing computars and to train personnel in the oparation of the refueling machine

and the spent fuel handling machine.

The simulator includas motors couplad to resolvars and alactrical loads to simulata brakes,

audible alarms, and other devicas mountad on the machine. The simulator also mounts tha
necessary pushbuttons, toggle switches, indicators, and other control operators to

duplicata the refualing machine operation. The simulator connects to the existing cable on

tha refueling computer systems.

Tha simulator utilizea a computar system similar to that used in the refualing machine and

the spant fuel handling machine.

● Dummy Fuel Assambly (Figure II-F-13)

The dummy fuel assembly is used for training oparating personnel in tha handling of fuel

assemblies, load testing the refueling machina and the spent fuel handling machine hoist

and grapple system to 125 percant of the waight of the fual assambly, load testing the
various othar fuel handling tools, transporting the source assembly through the fuel

transfer tube, and carrying the surveillance capsule from tha reactor building to tha
nuclaar annex aftar it has been removad from tha reactor vessel.

● Four Rod Dummy CEA

Tha four rod dummy CEA is used for operator training in CEA assambly, handling, and

disassambiy operations and for checkout of the CEA handling tooling during fabrication

and acceptance testing.

● Twelve Rod Dummy CEA (Figure II-F-14)

The twalve rod dummy CEA is usad for operator training in the CEA assambly, handling,

end disassembly operations and for chackout of tha CEA handling tooling during
f abdication end acceptance testing.

2. Nuclear Annex Tools and Equipment

Tha following tools and equipmant support the refueling activities in the nucleer annex.
These tools and equipment also support preparation of tha fual assemblies for installation
in the reactor and shipment of spant fual assembliaa from tha site.

a. Fuel Handlino Eouinmenl

Tha fual hendling equipmant in tha nuclaar annex handles fual assemblies going to or

returning from the reactor core. This aquipment is also raquired for handling core

components that are removed from the reactor building via tha transfer system.
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● Spent Fuel Handling Machine (Figure II-F-1 5)

The spent fuel handling machine is used to move fual assemblies batween the new fuel

elevator, the spent fuel storage racks, the fuel transfer system upender, the spant fuel
inspection station, the fuel consolidation station, and tha spant fuel shipping cask. In

addition, since the nuclaar annex crana is locked out from passaga ovar the spent fual
racks whan thay contain fual assemblies, tha spent fuel handling machine is provided with

an auxiliary one ton hoist for other handling tasks within the pool area such as source
relocation within the fuel assemblies, fuel reconstitution, and other light loads.

The spent fuel handling machine replicates the refueling machine to the maximum extent

possible to permit the oparators to train under simulatad refueling machina operating
conditions prior to entering the reactor building for the refueling operation. Lights,
nomenclature, and oparating instructions are idantical to develop proper oparating skills

and avoid potential operating problems due to console layout end component
nomenclature.

The spent fuel handling machine operation is controlled by a state-of the-art computer

system.

The spent fual handling machine rails are used to support the spent fuel handling machina

during its movement within the fuel building. The rails are machined and installed with
controlled tolerances to maintain the requirad positioning alignment of the spent fual
handling machine with respect to the fuel rack cavities. Precise positioning allows the fuel
handling process to ba accelerated and minimizes fuel handling damage. Tha rails

incorporate seismic holddowns to preclude the equipment from falling into the pool during

a seismic avent.

b. Fuel Storacre RackS

The requirements for receiving and storing the plutonium fuel assemblies necessitate that
the new fuel assemblies ba handled in a diffarent manner than is normally usad in the
System 80+ plant design. It is expected that the entire complement of new fuel

assemblies will be racaived on sits aarly in tha operating life of the plant. Furtharmora,
there is a potential for all of the fuel assemblies for the operating life to be irradiated and

stored for additional burnup in a later fual cycla. Tharefore all fual assemblies will be

stored in racks under water in the spent fuel pool and there will ba no racks or building

area dedicatad to new fuel storaga. Storage capacity will ba provided for tha maximum
number of fuel assemblies that will be used during the life of the plant.

The spent fuel storage racks are used to store the new fuel assemblies and spent fuel

assemblies. Twanty (20) of the fuel rack cavities ara designed specifically for the storage

of failad fuel assemblies. Transport containers filled with expendad control alament

assemblies and ICI assemblies are also stored in the spent fuel racks in ten othar
locations.

Tha basic rack module consists of a monolithic, honeycomb structure, tha elaments of
which are the individual storage cells. Each rack module is fabricated from type 304

stainless staal and is formad by joining tha individual fuel storage cavities into a load
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bearing honeycomb structure. Each rack module is welded construction and each wald is
a structural weld visually inspacted consistent with thk type of construction for ASME

code Class 3 components. The modulas are a frea standing design and is seismically
qualifiad without mechanical depandanca on Pool walls. This faatura facilitataa ramote

installation end permits ramoval for pool maintenance if requirad. Each rack module is

alevated and Ievelad to avoid floor obstructions and to provide the space naeded so that

pool water can flow fraaly under the rack and adequately cool every storage cell.

c. Fuel Trans fer Tube Assemblv Fiaure II-F-1 Q

The fuel transfer tube assembly provides a paasage for tha transfer of fuel assemblies

between the reactor building and nuclaar annex.

● Fuel Transfer System Rails

The fuel transfer systam rails are welded within the fuel transfer tube and support the fual

transfer system fual carrier during its passaga through the transfar tube. Tha rails
incorporate raplacaabla weer surfacas for ease of rail repair in the evant of damege and

holddowns to maintain tha fual carriar on the rails during a saismic excursion.

Tha rails ara not Iocatad within the fuel transfar tube valve as this would interfere with
valve closing. Tha fual carrier has been dasigned to span the opening between the fuel

transfer system upendar and the transfar tube rails.

● Fuel Transfer Tube

The fuel transfar tube connects the spant fuel pool with tha refueling pool to allow the
underwater transfar of fuel assamblias, axpanded ICI assemblies, expanded control

elemant assemblies, the lC1/CEA transport containar, and the dummy fual assambly

batwean tha nuclear annex and the reactor building .

The transfer tube is located within the penetration sleeve and quick opening penetration
slaave closure which forms the reactor building boundary. Therefora tha transfer tuba ia

not a safety related component.

● Quick Opaning Transfer Tube Penetration Sleeve Claaura

The quick opaning transfer tube penetration sleave closura is uaad during plant oparation

to closa and seal the and of the penetration slaeva within tha raactor building. It ia
dasignad for compatibility with the fual transfer system and can ba easily and rapidly
removed to raduce parsonnal radiation exposure and minimiza rafueling down time. An
auxiliary hoist provided can be located on brackets directly above the closure and used for
closure removal in the avent the polar crana is not raadily available. Whan the polar crane

bacomes available, tha load can ba transferred to tha polar crane and tha closure ramovad

to the oparating floor for inspection and preparation for reinstallation.
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● Transfer Tube Support Stand

The transfer tuba support stand supports the end of the transfer tube that is located in the
nuclear annex.

All the transfer tube loads i.e., seismic, transfer system emergency withdrawal, transfer

tuba valve, etc., are reactad by the stand.

● Trensfer Tube Valve Operator Standoffs

The transfer tube valve operator standoffs provide lateral restraint for the trensfer tube

valve operator during a seismic event and normal valve operation and handling.

● Transfar Tube Valve

Tha transfer tube valve is used to isolata the water in the transfar canal of the spent fuel

pool from the refueling cavity. The velve is closed whenever the refueling cavity is
partially filled or during heavy lifts over the reactor vessal pool seal assembly when the
refueling cavity is filled.

d. Fuel Handling Tools and SuDDofi Eouinmen~

The fuel handling tools and support equipment are used to position fuel assemblies in the

nuclear ennex. The items are primarily used when handling new fuel assemblies for

inspection end movements into and out of the new fuel storage racks.

● Spant Fuel Handling Tool [Figure II-F-171

The spent fuel handling tool is used to handla spent and new fuel assemblies within the

spent fuel pool. It is a backup to the spent fuel handling machine grapple which is the

primary means for handling fuel assemblies. The tool is supported from the spent fuel
handling machine auxiliary hoist and is operated from its walkway.

● Spent Fuel Handling Tool Storage Rack

The spant fual handling tool storage rack is used to store the spent fuel handling tool in

the spent fuel pool araa for access by the spent fuel handling machhe.

● New Fuel Handling Tool (Figure II-F-1 8)

The new fuel handling tool is used to transfer the new fuel assembly from the new fuel

shipping container to the new fuel inspection device or the new fuel racks. It ia also used
to transfer the new fuel assemblies from the new fuel racks to the new fuel elevator. It
may also be used to handle the dummy fuel assembly prior to its placement in the pool.
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TECHNICAL DESCRIPTION

G. BALANCE OF PLANT SYSTEMS

1. General

This section provides a description of the turbine generator and equipment,

The layout of the turbine island integrates the NSSS, the turbine and auxiliary systems into

a highly functional nuclear powar station with the turbine island performing no safety
functions.

The components of tha steam power plant, including turbine generator, condenser system,

and prahaatar systam ara housad in the Turbina Building. The main feadwatar pumps, the

daaerator/feedwater tank, and the condensate cleaning plant ara arrangad in an annax to

the main turbine building.

Tha ABB turbine plant consists of a double-flow high-preaaure turbine and 3 doubla-flow

Iow-prassura turbinas, tha Iattar with a total axhaust araa of 113 m’ (1 ,216 ft’). Of the

nominal output of the turbine, about 40 percent is developed in the high-pressure turbine

and the remaindar in tha Iow-prassure turbinas.

Tha high-pressure turbine basically consists of a cast outer casing, a cast steel inner

casing carrying tha guida vanes, e forged and welded rotor fitted with the rotating blades
and one shaft gland at each end of the rotor. The outer and inner casings are both apiit in
tha horizontal plane, and the two halvas are bolted togethar.

The LP turbine consists of 3 double-flow cylindars. Each cylinder is essentially of double

casing construction with tha inner and outer casings horizontally divided and bolted

togethar with flanged joints.

The high-pressure rotor and each of the low-pressure rotors consist of several forgings

which are welded together. The advantaga of this design is that the relatively small
forgings making up a rotor ara easier to manufacture at a high level of quality. The
scrapping of a forging would have a minimal impact on delivery intervals comparad to a
fault in a one-piaca rotor forging.

The turbine rotors are supportad in journal bearings mounted in bearing pedestals. One

baaring is providad for each shaft batwaan two rotors, and this provides a wall-definad

location of the shaft and well-definad baaring loadings. The thrust bearing is located after

the high-pressure rotor and is indepandant of other baarings.

Steam from tha raactor is suppliad through four main steam pipes connactad to four
idantical staam inlet valves upstream of the high-pressure turbine. Part of the staam ie

axtractad upstraam of the steam inlet valva and is usad for rahaating the steam after the
high-pressure turbine. This arrangement increases the efficiency of the turbine plant and

reduces the moisture contant in the low-pressure turbines. The axhaust staam from tha

HP turbina passas through in Iina high velocity moisture separations and reheatars before

entering the three parallel LP turbina cylindars.
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In order to protect the turbine from overspeed in the event of emergency tripping, intercept

control end stop velves ere fitted in the trensfer pipes between the reheatar and the low-
prassura turbinas. In addition, tha turbina is capabla of full load rejection utilizing

aPPrOximatalY 55 parcant staam dump to tha condanser in conjunction with tha reactor
cutback system, with no reliance on the main steam safety valves unlass tha condanser is
unavailable. The control, shut-off and dump valves of the turbine ara controlled entirely

alactro-hydraulically and incorporate an electronic governor for controlling the turbine

speed and the reactor pressure by means of the control and dump valves of the turbina.
An alectric signal from the govarnor controls the steam valve through alectro-hydraulic

convartars.

The ganarator is of 4-pole dasign of ABB manufacture. Diract water cooling is amployad
for tha stator windings. Tha rotor windings and tha stator cora ara cooled with hydrogan.
Tha excitation equipmant is of the static typa. Tha systam consists of an excitation

transformer, a thyristor rectifier bridge and a field circuit braaker and voltage regulator.

Electrically, tha turbine plant is aquipped with busbars with singla-phasa enclosura

batwaen the ganarator and tha main transformer, with tappings to plant transformers,

Tha turbina plant is completely automatic and is supervised from the Main Control Room.
The automatic control equipmant carries out automatic run-up and shut-down of the

turbine plant, the change-over to stand-by units, and reversion to e safe operating status in
tha avent of disturbances in tha process.

Tha turbine plant also includes a complate range of sarvica systams, such as ventilation,

fire-fighting, maka-up water, tap water, general service and auxiliary cooling water,

sampling, ate.

2. Steam Turbine

a. GfM!EKd

Thara are four raaction axial-flow turbinas,

ona double-flow high prassura (HP)

three doubla-flow low prassure (LP 1-3)

Running speed is 1800 rpm with clockwisa rotation saen from HP turbina end towards tha
generator. The turbine rotors and tha ganerator rotor are connected by intagral forged

coupling flanges to form the rotor train.

A preliminary haat balance diagram is included as Figure II-G-1.

b. Turbine Go vernor, Turbine Protact ion and Turbine Suoe Niso w Eauioment

Tha turbina controller TURBOTROL has tha following features:

. Saving of time and costs due to automatic run-up and loading
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High plant availability due to automatic limiters

Coordinates with the turbine bypass system

Coordinates with DCS and overall control systems

Modarn control structure which reacts quickly and efficiently to disturbances in

the grid but prevants unnecessary control operations during normal operation.

(1) Principle of Operation

The main parts of the TURBOTROL are the speed governer with automatic run-up and the

load adjuster with load and gradiant preelection. The actuating variable of the spead

controller and tha load set value of the automatic loading device are added together and

tha sum becomes the actuating variable for tha main control valves.

(21 Reheater Pressure Control

The purpose of the rahaatar pressure control is to control the prassure in the haating

staem systam to a given set value.

The prassure sat value is darived from the actual load sat value by tha function generator

in a way that the reheater control valvas are closed for low load and ere fully opened at

50% load.

In order to prevent high stresses in the rahaater a temperature limiter is provided to reduce
the prassure set value over the minimum value salector. From the differential temperature
measured at the tubesheets, which is equivalent to the thermal stresses, tha reduced

pressure set value is darived by tha function generator.

c. Main St earn and Gland Sealirw S vstem

(1) Main Staam System

Tha Main Staam System is shown on Flow Disgrams FSK 3-1 A, B, C & D (Figuras li-G-2-

4 sheets).

The watar/steam circuit incorporates those systems of the secondary section of the

nuclear powar plant diractly involved in power ganaration. Tha main systems concerned

are those for main staam, main condensate, LP and HP feedwater heating, feadwater,

extraction staam, and heating condensate.

The main steam lines from each of the four main steam isolation valves are lad to a haader
inside the turbine building which is connectad by four pipas to tha four main admission

valves of the HP turbine.

The main steam isolation valves are Iocatad inside the Main Steam Valve House.
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The four main steam pipes ere connacted close to the turbine via the haadar, thereby

achieving pressure balance in both Iinas before the admission valves of tha turbine, a
measure nacessary when testing the turbine admission valvas under load. From the

haader, the pipes branch off to the turbine bypass valves for raheating the steam after the
HP turbine and for supporting steam supply to the daaarator/feedwater tank and the

auxiliary steam header. The eight turbina bypass valves are sized for a maximum main

staam mass flow of 55 percent of full load, so that the quantity of excess steam produced
during start-up and shutdown functions and during load-shedding can be passed to the

turbine condenser.

Each bypass assembly consists of a combined emergency-stop and control valve

connacted via intermediate pipe to an individual steam dump davice. The cylindrical staam
dump device is arrangad in the condanser neck and consists of two chambers. The first
chamber reduces the steam pressura via a perforated cone for the second chamber where

main condensate is injected via spray nozzles to cool down the steam. The steam passes

than through a perforated plata into the condansar staam space. Tha injection watar is
removed from the hotwall of the turbine condenser by the main condensate pumps.

After expansion in the HP turbine section, and before entaring the LP turbina sections,

moisture in tha steam is drainad via high-velocity moisture separators installed in the four
exhaust steam pipes, in ordar to avoid high moisture and the associated risk of arosion.

Following the sacond stage of high valocity moistura separation the steam is reheated with
exhaust steam from the main steam haader. After passing through the LP turbine section,

the staam is condansed in a surface condensar. Condenser tubing for both sites is
considarad to be titanium.

(2) Gland Sealing System

The steam sealing system is dasignad to prevent air or steam leaking into or out of the
clearances betwaen the shaft ends and the casings, and between the valve stems and

valve casings.

The saaling steam system is maintained slightly above atmospheric pressure by a prassure
ragulator.

Normally the system ia supplied with steam from the high-pressure section shaft glands
and then fed into the low-pressure shaft packing, thus preventing the ingress of air into

the low prassure sections.

The pressura in the sealing steam systam is maintained at a constant value by a pressure

regulator. If the pressure rises (that is, if the high pressure section leaks off more staam
than is raquired to saal the low prassure sactions), the excess steam is passad by a valve

to the condansar or to a low pressura feedwatar heater. During starting and part load
operation, when more sealing steam is required than tha available Ieakaga from the high-

-pressure saction, a second valve maintains pressure by blaeding steam from tha turbina

inlet staam line.

The exhauster system is maintained at a pressure slightly below atmospheric and draws a
mixture of steam and air from tha lowest prassure glands. This mixture is passed to a
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gland steam condanser where the air is ejected. The condensate is then returned to the

condenser hotwall.

d. Moisture SeDa ator r/Reheater

(1) Ganeral

In order to minimize the erosion of the low-pressure turbine blades, especially of tha blades
of the last stage, moisture separation takes place immediately after the high-pressure

turbine. The moisture separator reduces tha moisture content in tha exhaust staam to
neerly zero and the dried steam is reheated prior to its admission to the Iow-pressure

turbine. High-valocity moisture separators and raheatar units ara provided.

The design of the moisture separator and raheater units is suitable for all operating

conditions of the staam turbine. This especially applies to thermal stresses, drains and
leakages.

The plant is capable of operating continuously with a balanced reduction in the haating

steam to the two reheatars. Full-load operation with reduced superheat is allowed.

The extent of reheating is adjustable during operation in order to optimize the plant
performance.

To prevent thermal distortion of the rehaatar at start-up, tha pressure of the main steam

flow to tha raheater is controlled as a function of load in the load range of 20-50%

(approx). Below 20°A (approx). turbine load, the main steam flow to the raheater is shut
off .

The moisture separator and reheater units are dasigned to resist erosion. Components
especially prone to corrosion and erosion are of stainless steal or similar adequate matarial.
The moistura separator and reheatar intarnals are raadily accessible for visual inspection

and consideration is given to maintenance requirements.

The heating steam supply to the reheaters is controlled as an integral part of the turbina

control system. The haating steam lines to tha reheatars are provided with main stop and

control valves. The raheatera are designad to prevent clogging of the tubes by
condansata.

Tha condensate Iavel in the raheater drain vassels is controlled automatically by a suitabla
Ieval control systam. This ia adequate to cops with all conceivable operational situations

without endangering either tha reheatars proper operation or any othar part of the plant
while maintaining the maximum degree of operability of the plant.

The drain vessels have sufficient volume to collect drain during normal operation and

transient conditions. During normal operation, the drains are led to the last HP heater
stage. During start-up or low load, the emergancy drain line enables trouble-free drainaga
to the condenser.
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Non-condensable geses from the reheeters are vanted to the working steem side of the
reheatar.

For moisture removal, an installation of ABB daveloped Moisture-Preseparators (MOPS) and

Spatial Cross-Under Pipe Separators (SCRUPS) is suppliad and installad in the cross-under
pipas.

The separation equipment consists of ona MOPS and two SCRUPS davices in each cross-

under pips. Tha MOPS davica is installed in direct connection to tha outlets of tha high-
prassure turbine in order to remove moisture from tha pipe wall.

The MOPS consists basically of e concentric chamber around tha cross-under pipe, whosa

upper end forms a gap through which the moisture is separated. Efficient moisture
separation requires some transport staam to follow tha separated moisture. To obtain

optimum separation, the shape in tha inlet section and the gap of the MOPS are designed
for a givan turbina geometry, moistura contant and evailabla transport staam flow.

Tha SCRUPS separation device comprisas tha turning vanes of the 90° elbow. Tha

turning vanes are installad in the internal chambar in the SCRUPS. The chamber is
installed in the outer shall which is cylindrical and has a slightly larger diameter than the
cross-under pipe. The droplets in the steam flow cannot follow the steam when it is

daflectad in tha turning vanes and impinge on the walls on the concave side of the vanes.
The moisture forma a film on tha turning vanas. Tha vanas are hollowed and provided

with slots on the concave side to remova the moisture film.

Some transport staam is required to remove the moisture. The transport steam flows to

tha intarnal chambar whara the moisture is saparated.

The transport steam from tha MOPS and SCRUPS is axtractad to the feedwater tank,

serving aa heating steam of the daaerator, and the condensate from these MOPS and

SCRUPS is led to drain vessels. From thesa drain vessels it is led via automatic level
control to the LP 3 haaters or to the condensar during start-up of plant.

(2) Reheaters

After tha last SCRUPS the steam is reheated in spatial reheaters.

Tha reheaters are of vertical dasign with straight tube bundlas. Each rehaater is equipped

with two tube bundles. The tube bundles ara located in the middle of tha reheatar shell.

Main steam is used as heating medium in the rehaater tube bundlas.

Tha tubes in each bundle are supported by a numbar of equal dividad support platas.
Thesa ara in ona and flexibly fastenad to longitudinal baams which are walded to the tuba
sheets. The support plates are also held by a number of stay bolts and distance tubes. To

accommodate expansion, tha beams and stay bolts are divided on the middla of tha tube

bundla. A T-ring betwean the beama prevents the tuba bundlas from inclining. The entire

tube bundle is hanging in the uppar tuba plate, which rests on a console in the shell. At
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the lower tube plate, there are labyrinth scalings which give flexibility in the vertical

direction.

Each transfer pipe between the reheaters and the LP turbines is provided with a

hydraulically controlled butterfly valve, governed by the control of the turbine. The
function of the valves is to limit the steam flow to the LP turbines in the event of load
rejection end tripping of the turbine, in order to avoid excessive overspeed of the turbine.

The stems of these valves will have a connection to the seal and leakage steam system.

The heating steam condensate is collacted in level-controlled drain vessels and transported
to the HP heaters or alternatively to the condenser. The system between HP turbine outlet

and LP turbine inlet will be protected against high pressure by means of pressure
transmitters in the turbine protection system.

e. Multkwessure Co ndenser

A multipressure condenser design will be provided which will use a cooling tower for

station heat rejection. The condenser will consist of three separate shells of two parallel
tube bundles with each shell tranavaraely oriented to the turbine ahaft and located under
each of the three hoods of the LP turbina. These separata condenser shells are generally
referred to as low, intermediate and high pressure shells. The designations correspond to

the magnitude of the turbine exhauat pressure each shell provides with the cool circulating

water entering the low pressure shell, then flows successively through the intermediate

shell and high pressure shells with the hot water leaving the latter for return back to the

tower.

f. co ndenser Air Removal Syste m

The condenser air removal system consists of four packaged vacuum pump units and

interconnecting piping. Normally three vacuum pump units are in operation. The fourth

pump is a spare and is valved into the system whenever one of the three normally
operating vacuum pumps is removed for maintenance or repair. The vacuum pump units
have two modes of operetion, a hogging mode and a holding mode. The hogging mode is

used at plant startup to reduce the condanaer pressure from normal atmospheric to

approximately 5 to 10 in Hg absolute. The holding mode is used when the approximately
5 in Hg absolute pressure is reached to reduce the pressure to ita operating value and then
maintain the operating pressure during normal plant oparation.

The condenser is a multipressure condenser having a low-pressure zone, an intermediate-

pressure zone, and a high-pressure zone. Each zone operates at a different pressure during
normal plant operation.

The condenser air removal system design provides a normally operating vacuum pump unit
for each condenser zone and e common spare vecuum pump unit. Each normally
operating vacuum pump takes suction from one of the condenser zones through two

connections on the condenser shell. The two connections are connacted to one header

which goes to the suction connection of the respective normally operating vacuum pump.

The normally operating vacuum pumps withdraw the air and noncondensable gases from

the condenser shell zone, compress them and discharge them through an individual line
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from the discharge nozzle of each vscuum pump unit to a common haader which csrries

the air and noncondensable gasas to the unit vant.

The apare vacuum pump unit has a valvad connation into each of the suction headars of

the normally operating vacuum pumps that join into a common header which goes to the
suction connection on the spare vacuum pump unit.

The compressant water used in the vacuum pump units is provided by the demineralized

water system.

The vacuum pump cooling water is supplied by the turbine plant component cooling water

system.

The pipelines from the condenaar connections to the vacuum pump units are pitched

toward the vacuum pump units and the pipelines from the vacuum pump units to the

single vertical header that discharges to the unit vant. The vacuum pump units are
dasigned for slugged-flow operation; therefore, the condensed moistura in the vacuum

pump units suction lines will flow toward the pumps whare it can ba drained.

The condanser air ramoval system air and noncondensabla gases quantities for removal are

1200 scfm for each operating vacuum pump during tha hogging phase and 50 scfm for

each operating vacuum pump during the holding phase. The hogging phase capacity is
determined and based on the quantity of steam being condansad by the condenser in

accordance with HEI standard for steam surface condensers. The phase capacity is based
on the affective steam flow for each main steam exhaust opening into the condensar in

accordance with HEI standard for steam surface condensers.

The condanser air removal connections to the condensar are connected to the condenser

shells at tha cold end.

Vent connections are provided on the vacuum pump coolers and high points of cooling
water piping for venting of the condanser air removal system to prevent air entrainment.

Tha condeneer air removal system is designed to permit isolation and removal of any

vacuum pump from service.

The safaty classification of tha condenser air removal system piping, equipment, and

components is non-nuclear safety in accordance with ANSI Standard 18.2.

The condenser air ramoval system piping is designed, fabricated, inspected, and eracted in
accordance with ANSI Standard B31. 1.

9. Feedwater Svstem

The faedwater systam is shown on FSK-6-1 A&B (Figura II-G-3-2 shaets).

The feedwater system consists of threa, one-half capacity, variable speed, motor driven

booster and feedwater pumps and a motor driven startup pump which take suction from

the deaarator storage tank. The pumps discharga through chack valves (which prevant
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backflow through an idla pump), and motor oparatad discharge valves to a common
headar. The discharge valves provide isolation for pump maintenance. A minimum flow

recirculation control valva for aach pump protacts against undue heat buildup and vibration
in the pump at reduced flow. The control valve in the recirculation line is located es close

as practical to the daaarator in order to minimize the length of pipe subjected to two phase

flow.

Tha faadwater flows from tha common pump discharga haader through two parallal high

pressure faadwatar heater strings, containing two haatars each. Each of tha high pressure

faedwater heatar strings can ba isolatad for maintenance by two high pressura motor

operated velves. A sempling connection is provided downstream of each heater string.

The discharge of the first point faadwater heatere is combined in a common manifold

which supplies feedwatar to two staam generator supply Iinas. A line back to tha

condenser comes off this manifold to allow cycle cleanup and recirculation. The heater

bypass discharges to a second manifold which distributes tha coolar faedwater through
restriction orificas to tha two steam ganerator supply lines. This manifold piping system

providas adaquate mixing to ansura that uniform temperature faedwatar is suppliad to

aach steam ganarator. Each of the two staam ganerator supply lines contains a faedwater
flow control valve which is automatically poaitionad by a signal from the steam generator
water level control system. A venturi type flow alament, with associated flow
transmitters, provides the feedwater flow signal used in tha steam generator water Iaval

control systam. The flow control valve, in conjunction with the variabla spaad feedwater

pumps maintains steam generator level during steady state and transient operations. The
feadwatar pump spaad is varied to maintain a programmed differential pressura batwaan

the feedwatar supply header and the main steam haadar. The differential pressure

satpoint varias directly with plant load (staam flow). The faedwatar flow control valve can

ba bypassed by a remote manually controlled air operated valve to permit manual control
of steam generator Ieval at power levels below 25 parcent.

Tha bypass control valve is in a saparate line, which comas off the main feedwatar line

upstream of the main flow control valve, and penetrates the containment, going to the

downcomer nozzle on tha staam generator.

Tha steam ganarator chemical faed system can inject hydrazina and volatile amina into

aach steam ganarator downcomer supply line just upstream of the faadwater isolation
valves.

Two quick closing feedwater isolation valves in each supply line are located as closa as

practical to the containment structure. A check valve in each supply line prevents

uncontrolled blowdown from mora than one staam ganerator in casa a feadwater line

braaks. These chack valves are nacassary to achiava abrupt, complete termination of

ravarse feadwater flow with tha axistenca of a ravarse flow condition and, in tha

downcomer line, to prevent backflow of emargency feedwater to othar portions of the
main faadwater system. The feedwatar system from tha staam genarator inlet back to,

and including, the faedwater isolation valves is designated Safety Class 2 and Saismic
Category I to ansure the integrity of these valvas.
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The portion of the feedweter system extending from and including tha faadwatar isolation
valves to the staam generetor inlets meets Seismic Category I design requirements. The

system is protected from missiles generated by various sources including tornadoes,
roteting equipment, snd high pressure system components.

Instrumentetion and controls for the feedweter isolation valves ere Seismic Cetegory 1. The

remainder of the instrumentation and controls have no seismic design requirements.

The Seismic Catagory I portions of the feedwater system are protected from the effects of
tornadoas. Whenever practical, the feedwater piping is separated from systems required
for safe shutdown by remote location or structural enclosures.

The main feedwater flow is to the economizer nozzles, on the lower portion of eech steam

generator. The bypass control valve is in a separate line penetrating the containment,

going to the downcomer nozzle, on the upper portion of each steam generator.

Feedwater temperature is equel to or greeter than 200”F prior to initiation of feedwatar

flow to the economizer nozzles during plent startup. The 200” F feedwater temperature is
achieved prior to reaching 15 percent power. All feedwater at a temperature lower than
200”F is directed to the downcomer feedwater nozzle, except for post turbine trip

conditions.

The feedwater pumps are located on the ground floor of the turbine building. The pumps

discharge to a common header which distributes the feedwater to the two high pressure
heater stringa on the mezzanine floor of the turbine building.

The high pressure heaters discharge to a manifold which distributes feadwater to the two

steam generator supply lines. The steam generator supply lines run over the Nuclear
Annex to the Main Steam Valve Houses.

The Main Steam Valve Houses are located on opposite sides of the containment in the
Nuclear Annax. The feedwatar isolation valves are also located in these Valve Housas.

The feedwater lines run from the valve houses into the containment to the steam

ganerator cubicles. Before entering the steam generator cubicles, the piping rises up to

the nozzles to prevent steam from entering the feedwater piping and causing water
hammer when a low watar level exists in the steam generator.

3. Generator

a. c~natr ion, M rials an Iin

The generator is hydrogen cooled and rated for the following continuous operating

conditions:

. Rated load and 0.90 power factor lag,

● Reted load and 0.95 power factor lead,
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● Terminal voltages between 95 percent and 105 percent of rated voltage at a

system frequency of 60 Hz.

The genarator stator winding is star connected and insulated for operation with a high

impedance neutral earthing system. The specific winding impulse level will be providad in

the datailed design.

The busbar connections are dasignad to withstand the maximum valua of paak

asymmetrical fault currant and are also capable of withstanding the maximum through
fault symmetrical current for one sacond.

A generator output breakar is providad to parmit offsite supply to the unit transformers by
backfeeding the generator transformers for abnormal or plant startup conditions. This

capability is dapicted on the station one line diagram.

The generator excitation system is based on a proven static thyristor technique.

The static excitation ayatem is capable of rapidly adapting air-gap flux to the load

conditions, providing a stable energy supply whan oparating on a network and maintaining
a constant generator voltage on no-load oparation or station servica operation. The static

system consists of an excitation transformer, a thyristor rectifier bridge and a full currant

braaker.

The excitation syatam oparation in combination with a ganarator stap up transformer

standard tap ranga of + 6.66 parcent to -13.33 parcant will ba adaquata for the

application. SPecific espects of the excitation renge design era subjact to deteiled enelysis
reflecting grid and station operating design conditions.

Other systems in the turbine island which support operation of the turbine-generating

system include the generator excitation and voltage regulator, seal oil system, stator

cooling water system, hydrogan and carbon dioxide system, turbine controller, turbina
plant supervision system, turbine plant protection system, turbine plant automatic

oparation system, on line condition monitoring system, generator busbars, and non-priority

secondary cooling system.

b. Excitation Syst em and Automatic Voltacte Recru law

The static excitation equipment is a shunt supplied one, i.e. the excitation transformer is

connacted directly to the generator terminals. Tha secondary voltaga is rectified by a fully

controlled thyristor converter and fed to the genarator field. The power converter is of
redundant design with a number of parallel bridges. Even with ona completa bridge out of

service, all operational conditions can be met without restrictions. The field suppression
aquipmant sarvas two purposes: the disconnection of tha excitation equipment from tha
field winding and the fast field discharga.

The regulation and pulse alactronics is of the dual channel type. Usually, tha machine

tarminal voltage is controlled by the automatic voltage regulator in the AUTO channel. In

case of a failure, e.g. loss of tha PT sensing voltaga or for maintananca raason thare is e

345-11.wp/cm 11-100



PU CONSUMPTION IN ALWRS

Ak 11 In
~~g~gg

TECHNICAL DESCRIPTION

change - over facility to a MANUAL channal. In this mode, tha fiald current is controlled.
A follow-up control ensures e smooth change - over from one channel to the other.

The firing pulses for the thyristors ara genarated within two gate control modules and
formed in tha following pulse amplifiers. If the machina’s operation limits ara raachad,

then electronic Iimitera will take action. These limiters increese essentially the availability

of the machine because they always operate before a protection relay may trip the unit.

For the voltage regulation and twice for the pulse generation, three separate micro-

processors are provided.

Various monitoring and protection features pravent damages to excitation transformer,

converter and fieldwinding resulting from internal and external faulta. Another micro-
processor takes caras of some of thesa functions.

An internal programmable logic control (PLC), for which a separate micro-Processor is

provided, takes care of the right sequences during start-up and shut-down. Further, it

ansurea the safe local operation of the equipment and its auxiliaries. In case of a failure,

the fault is indicated on a local annunciation boerd which simplifies the trouble shooting.

3. Seismic Design

Tha turbine generator unit is designad for a seismic avent of 0.4 g in the horizontal

direction at turbine top table foundation (operating floor).

4. Condensate System

a. Flow Diaaram

The Condensate System is shown on Flow Diagrams FSK-4-1 A, B and C (Figure II-G-4-2
shaets).

b. &ate m Desc ritltion

Each of the three condenser shells receives the exhaust staam from one low pressure

turbine. Effluents from the fifth point heater drain coolers and the sixth point feedwater

heaters, the high pressure staam line drains, and other miscellaneous turbine plant drains

are normally directed to the condenser. The turbine bypass system consisting of eight
turbine bypass valves is connected to the main condenser.

The condensate system has sufficient water available to accommodate a steam loss to the

atmosphere of 55 to 65 percant of the normal steam flow and to regain a steam generator
Iaval due to a collapse or shrinkage of the steam-watar mixture when taking e 100 percent

load rejection.

Three motor driven, vertical centrifugal condensate pumps, each capable of supplying 50

parcent of condensate flow requirements, take suction from the condenser hotwell. Two
condensate pumps are normally operating, with one in reserve, to ensure that the water

supply to the feadwater systam is not interrupted in the avent of a condensate pump trip
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or the loss of feedwater heater effluents. Each pump has a butterfly isolation valve, a

permanent simplex strainer, end an expension joint in its suction line. The net positive
euction head required by the pump is provided by the water level in the hotwell. The
continuous vent in the suction line of each pump is connected to the condenser because

the pump suction lines ere under vecuum during operation. A relief valve is provided in the
suction vent line to prevent possible overpressure from en idla pump. Another vent in

each discherge line is used only when placing a pump in service after a section of the

suction piping has been drained or if the system bacomes air bound. These vents are

connected to the condenser to minimize makeup water requirements. The discharge line
of each pump has a check valve to prevent backflow through an idle pump and an isolation
valve for pump maintenance.

The condensate pumps discharge to the main condensate header which flows through the

condensate polishers. To meet the water chemistry requirements, the entire condensate
flow is passed through side stream full flow condensate polisher ceils and returns to the

main condensate header. A bypass valve is provided between the two connections of the

condensate polishing system to allow system cleaning and maintenance operations with

condensate polishlng isolation. Downstream of the return line from the condensate
polishing system, a line branches to the chemical addition mixing tank. Hydrazine and a
volatile amine are added to the condensate to maintain the desired pH and oxygen levela
for corrosion control. Another branch line flows through the shell side of the steam

generator blowdown heat exchanger.

Flow in the main condensate header then flows through the tube side of the gland steam

condenser.

A branch line from the main header supplies water to the turbine exhaust hood sprays. A
load controlled valve controls flow to the turbine exhaust hood aprays, which are required

to cool the exhaust hoods during startup or low power operation.

A pressure valve controls flow to a line that branches from the main haader. This line
provides seal water for the extraction line non-return valve seals, the condensate pump

suction line butterfly valve seals, the condensate pump shaft stuffing box, and condenser
vacuum breaker valve stem seal. It also provides fill water to the loop seal on the sixth
point heater drains end condenser vacuum breaker valves. The valve seals prevent air

from baing drawn into the condenser during initial startup and under low load conditions.

Sampling connections for the turbine plant sampling system are provided in all but one
hotwell section, under each of the 12 tube sheets, and on the main header to detect and

locate the source of any leakage into the condenser.

Flow in the main condensate header then passes through a flow element. The transmitter

associated with this flow element provides a signal to the flow controller that regulates
condensate recirculation to the main condenser. At low power levels this recirculation
flow provides adequate cooling for the gland steam condenser and providea the

condensate pumps with the minimum required recirculation flow.

A level valve actuated by level controllers in the condenser hotwell controls flow to the

condensate makeup and drawoff system allowing the water inventory to be decreased to
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correct for e high hotwell level. Level controllers in the hotwell also control level valves in

the condensate makeup and drawoff systam to provide makaup watar to tha condansar.

The main condansata haader than branchas into thrae parallal flow, low prassure
feedwater heater strings. Eech faedwater heater string contains a fifth point heater drain

cooler, two condensar neck-mounted feedwetar heaters (fifth and sixth point), and an
axternal fourth point feedwater haater. Each faedwater haater string has two motor driven
isolation valvas. A thermal relief valve in aach faadwatar heater string provides

overpressure protection. The thrae heatar strings discharge to a common header with a
Iavel control valve which runs to the deaerator.

One deaerator end deaerator storage tank are provided after the low pressure feedwater
heatars.

Deaerator storage tank and condensar hotwell Iavel ara controlled as follows:

● Deaarator storage tank level is controlled by two pneumatic valvas at the

deaarator inlat which adjust condensate flow to the daaaretor. During low load

pariods, ona valve controls flow. At highar loads, one valva is open and tha
othar valve controls flow.

. Condenser hotwell Iavel is maintained by directing condensate flow to and

from tha condensate storage tank using normal and high capacity emergancy
Iinas. Makeup from tha condensate storaga tank is directad to the condensar
for vacuum deaeration. Dissolved oxygen in the makeup water is minimized by

the stainlass steel floating cover on the condensate storaga tenk.

For heating purposes prior to startup or during hot standby conditions, the feedwater in

the deaerator is maintained at about 221 “F by raducad pressure staam from the main

steam haader or the auxiliary steam header.
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H. MAINTENANCE

The nuclear maintenance progrem supports two basic types of maintenance-corrective

maintenance (CM) and preventive maintenance (PM) (predictive, periodic, and plennad). A
proper retio of these types of maintenance provides e high degree of confidence that prior

to feilure or malfunction, plant equipment degradation is identified end corrected, that

equipment life is optimized, and the plant maintenance programs are cost effective.

The ABB System SO+ Nuclear Electric Generating Station Maintenance Program identifies

the significant aspects of a total maintenance program including not only refueling outage
maintenance but also maintenance training, corrective maintenance, preventive

maintenance, maintenance management, and unplanned outaga maintenance. This
program is based on an aggressive approach that encourages all plant personnel to

contribute to a safe and reliable plant and work place.

Any comprehensive maintenance program incorporates planning and preparation. The

System 80+ N maintenance program progreases further end dafines follow-up steps, pra

and post maintenance documentation requirements, and analysis of maintenance problems.
The program recognizes ALARA principles and supports minimizing personnel exposure to
ionizing radiation. Lastly, this program defines a management organization that is

equipped to successfully complete plannad and unplanned outage maintenance activities.

Tha design of both the nuclear and the conventional island incorporates features that

facilitate good maintenance practices and provides aasy access for tools, equipment and

maintenance personnel. Adequate lay-down areas and suitable lifting facilities are also
include.

Pumps that require calibration flow tests, for example, High Prassure Safety Injection

(HPSI) Pumps, have miniflow circuits permanently installed.

1. In-Service Inspections

In-service inspections of pressure vessels, piping, pumps, valves, and other equipment to

prove the integrity and serviceability of these components are a major activity during
refueling and maintenance outages and one of the largest contributors to personnel

radiation exposure. In order to enhance the overall inspection process, save time, and
reduce exposure, the plant design includes maintenance accommodations.

Piping and pipe supports are located such that adequate space exista for personnel and

equipment access during in-service inspections. Insulation, hangers, stops and snubbers
are designed so that they do not interfere or are quickly removable.

Where necessary, access platforms, removable pipe sections, jib cranea and any other

necessary features are provided in high radiation areas to minimize exposure time.

Access for in-service inspection of the reactor pressure vessel, piping, pumps end valves is

provided by using permanent access platforms to the maximum extent, and with adequate

space for setup of inspection equipment. Clearances are provided to accommodate

automated inspection devices and removable insulation panels.
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Manholea and handholda are arranged to be clear of obstructions for inspection equipment

or personnel.

Pumps and valves that must be disassembled for visual in-service inspection are provided
with sufficient clearance and Iaydown space to permit disassembly with minimum removal

of adjacent equipment or structures.

Parmanent accass platforms are provided outsida reactor pressure vessel shield walls to

facilitate in-service inspection of the reactor vessel and nozzlas. This includes access to

the vessel bottom or bottom nozzles.

Adaquate space is provided around all inspection points for insulation and tool Iaydown.

Removable, reflective metal type insulation ia used at locations on reactor system piping

and equipment where access is required for in-service inspection. Snap on insulation is
used for higher radiation areas to allow quicker removal and replacement.

Wald locations within a systam boundary subject to in-service inspection ia aaparated by at

Iaast three times the wall thickness or six inches from weld to weld, whichever is greater.

Wald locations on piping penetrating walls is at least six inches or three times the wall

thickness, whichever is greater, away from the wall surface. Nozzle welds, support lugs

or other attachments should also meet this criteria.

Radial clearances of et least six inches is provided around pipes or components for in-

service inspection or mora, if required, for specific automated equipment.

Where piping is run in a pipe chasa, or as groups of pipas at diffarent elevations, the pipe

to be inspected is located in the outside layer or lower tier to ensure access without
removing other piping.

Permanent working platforms, ladders or stairways are installed in in-service inspection

areas where radiation levels will excead 1 mSv/hr during the first 10 years interval.

Provisions for lighting, air, power, water, etc. are providad as required for the inspection

mathod used in the immediate area of the inspection.

Permanent or temporary shialding for personnel are considered at inspection locations
whare radiation levels will axceed 2 mSv/hr. Provisions for removal and storage of

tamporary shialding will be available.

Mechanized inspections are considered for areas whera radiation Ievela exceed 0.5 mSv/hr

or physical limitations restrict or prevent manual methods.

Whare manual inspections are requirad, sufficient clear spaca is provided for the upper

body of a person working at arm’s length 20 inches of the surface inspected.

Direct access routes are provided to locations requiring inspection,

345-11.wp/cm II-105



PU CONSUMPTION IN ALWRS

AL It 1P
~~g~gg

TECHNICAL DESCRIPTION

The requirement, development, end control for special tools and equipment is established

as an integral part of the plant maintenance program. These specialty items should be

storad, maintained, and inventoried as a part of the plant tool and aquipment program.

Inspections of the material condition of the nuclear power plant is the responsibility of
management. This effort will depend on many factors including design, fabrication,

modifications, ongoing maintenance, work control, and day-to-day operations. Following
initial plant construction, control of maintananca and modification activities will be the

prime method for keeping systems and equipment in an optimum condition for support of

safe and reliabla station operation.

2. Equipment to Minimize Refueling Outagea

The following presents details of equipmant and design features provided to minimize the
length of the annual shutdown for schaduled rafueling.

a. Multinle Stu d Tensioner

A multiple stud tensioner (MST) and associated tooling is utilized for the complete and

simultaneous removal and installation of the reactor vessel closure studs, nuts and
washers. This design philosophy results in a dacreased critical path tima and reduces the
manhours associated with these tasks. The MST allows for the sequential tensioning and

detensioning of each half of the closure studs and the subsequent removal of all of the

studs, nuts and washera.

b. Head Area Cab Ie Trav Structu re (HACTSI

The head area cable tray structure (HACTS) supports and provides channel separation for

the reed switch position transmittal cable-conduit assemblies and the control element drive
mechanism (CEDM) power-conduit assemblies. The design includes an integral missila

shield for use during plant operation when the HACTS is located above the reactor vessel
closure head. Utilization of this component minimizes handling time by allowing removal

and replacement of the electrical cables to the reactor vessel head in one operation.

c. Permanent Pool Seal

The utilization of a permanently installed pool saal reduces the length of the refueling

outage by removing the installation and removal of a temporary seal from the critical path.
The permanently installed pool seal reduces the personnel radietion axposure which would

normally occur during installation and removal, while also eliminating the requirement for a
pool seal storage area in the containment building.

d. Automated Refuelina Machine

A semi-automatic positioning system allows the refueling machine to automatically

traverse to and from the transfer system upender to a preselected set of coordinates in the
core and to automatically traverse between any two praset cora coordinates. This is

accomplished through the use of a computer based control console which ia equipped with

direct prompt operator control.
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e. co Cun rrent CEA Removel

The upper guide structure (UGS) lift rig allows for concurrent removal and installation of all

tha control elements assemblies (CEAS), thereby significantly reducing the time and man-
rem expenditures associated with refueling.

f. Parellel CEA Replacement

A CEA change platform is provided for CEA changeout independent of the refueling

machine end therefore ellows replacement of CEAS to be performed in parallel with the
fuel handling operations and therefore off the critical path.

3. Maintenance During Outages

The principles of ALARA (As-Low-As-Reasonably-Achievable), and Radiation Protection
when properly applied, allows maintenance personnel to perform their activities in a safe

and efficient menner while minimizing exposure to ionizing radiation.

Maintenance management’s role is to enforce the principles of ALARA, and Radiation

Protection through preplanning of maintenance activities, coordination and preparation of
maintenance activities, training and instruction of personnel, and the review of completed
maintenance activities for ALARA improvements.

A typical outage plan includes:

1. Introduction: A planning summary of the outage.

2. Schedule:

A. Outage start and end dates

B. The outage duration in days

3. Work Summary:

A.

B.

c.

D.
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The Significant Job List provides a list of all significant jobs (including

station modifications) that are scheduled to ba done.

Critical Path activities identify and discuss each critical path item,
establish a beginning and end date for each critical path item, and a

milestone plot shows the critical path items as each relates to the other.

Personnel resource requirements identify requirements for each major
work itam. Personnel resource requirements should be in terms of craft,

quantity required, and group supplying the people.

RP/ALARA considerations are all activities that will result in a total

person-rem exposure of >1. Estimate total exposura for tha outage.
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4. Areas of concern are itams or activities that may require special attention

during or before the outage.

5. Outage organization ia identified on an Organizational Chart for the outage
management team. Any special features of the organization are identified.

An outage is classified according to how far in advance it is scheduled. This affects the

amount of time available for planning the outage and therefore the procedures used to

plan, schedule, and manage the outage. All outages can be classified as being in one of

three categories: planned, maintenance, or unplanned.

a. Planned Outaaes

A plannad outaga is one that is schaduled wall in advance and is of a predetermined

duration. Refueling outages fall into this category.

b. Maintenance O utacre~

A maintenance outage is one that can be deferred beyond the next weekend but raquirea

the unit be removed from service before the next planned outage. ALso, to be classified as
a maintenance outage, a minimum of saven deya to plan the outage ie required. An
example of this would be an outage to repair a piece of equipment that was limiting power
level such aa an inoperable feedwater pump.

4. On-load Maintananca

To establish the scope of the nuclear preventive maintenance programs, technical
specification requirements, vendor recommended surveillance inspections, station

oparating experiences and problems, corrective maintenance problems, and code in-service
inspections are considered.

a. Maintenance Procedu esr

Written procedures are established and properly used as one of the key elements to

consistently perform maintenance in a safe and efficient manner. A balanced combination

of written guidance, management support, the procedure users skills, training, and work
site supervision will achieve quality workmanship essential to safe and reliable station

operation.

A program for the preparation, verification, validation, review, approval, control, location,
use, and the periodic raview and revision of maintenance procedures is established.

b. Plannina. Schedu Iina. and Co Ordinatina Maintenance

Quality, productivity, and cost effectiveness ia increaaed in the maintenance organization

by datailed planning. The development of a well planned work package requires the

assembly of information from various sources such as Operations, Health
Physics/Radiation Protection, Quality Assurance, and within the Maintenance Planning

GrouD itself.
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One requirement of a well plannad maintenance work package is to assure the propar
scheduling of tha package. The schedule should coordinate maintenance and support
group resources.

Integration of maintenance schedulas within tha scopa of total station activities is

nacessary to ansure that maintenance is conducted afficiantly and within prescribed time
limits.

c. !20 ntrol of Maintenance Activities

A work control program should ba astablishad to assemble all the various parts of a
maintenance activity. These parts range from work identification to maintananca work
history. The heart of the work control program is tha work raquast document and the

associated computerized work management system. Controlling maintenance activities

ansuras that maintenance practicas ara effactiva in maintaining safe and reliable station

oparation. Control of maintenance activities will diract afforts toward achiaving high-
quality work parformanca, parsonnal safaty, equipment and system protection, plant
safety and reliability, and cost control.

Maintenance activities ara normally schadulad on a 24-hour day basis to maximiza the usa

of maintenance personnal, facilities, aquipment and tools. A 24-hour maintananca
schedula will minimize the outaga tima of critical aquipment. Surveillance tasting is

maximizad through more effectiva usa of parsonnel.

Maximum plant reliability is established by tha plant dasign and aquipment selection.
Praventiva maintenance assures that the dasign Iifa of tha equipment is met. Establishing

a regularly schaduled maintenance program improvas plant availability and raducas the

cost of unplanned maintananca.

A valva maintenance program is astablishad to ensure tha maximum possibla reliability of

each valve. This program includas fraquant visual inspections of valvas. The program also
includes valve packing adjustment/repacking on an as needad basis. Routine servicing
valves includes visual inspection, packing gland adjustment, lubrication and

cleaning/prasarving.

Periodic ovarhaul of valves is schadulad for valves that axhibit a gradual degradation ovar

time that is not Iimitad to a single part. Periodic overhauls ara normally schadulad for a

refueling outaga. Tha vslve maintenance program also includes predictive maintenance or

diagnostics to predict and mitigate tha onsat of valva failure. Valve maintenance history
records are considarad in planning for vahra corrective maintananca and pravantive

maintananca.

A lubrication program is established as a major factor in the total preventive maintenance
program. Inspection and lubrication of aquipmant should be parformad at appropriate

intarvals determined by vandor recommendations and/or the industry operating axparience.
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5. Testing

Post-Maintenance Tasting is sny appropriate testing or verification performed following

maintenance to verify that a system, structure, or component is operable, is not degraded

in parformanca, any original deficiency has baan addressad, and a naw deficiency has not

been created.

Periodic and surveillance testing activities should ba performad to provide assurance that

plant equipment will parform within tha raquirad limits. This testing will be done undar
strict procedural controls and requiras that prompt corrective action be taken when

acceptance criteria are not met. Independent review of complated surveillance should ba

conducted to ensura that tha acceptance criteria are met. Records of tha testing program
shall be computar maintained.

The requiramants of the ASME Boilar end Pressure Vessel Code, Section Xl is met through

a test program designed to maat or excaed these raquiramants. The Saction Xl
requirements and the results of the test program shall ba computer maintained for

verification of acceptable results and scheduling of tests.

6. Spares

A strong and effective maintenance program requires timely availability of parts, materials,

and servicas. Parts and matarials that maet the approvad engineering design raquiremants
are nacessary for maintenance activities during normal station operation and for support of

both unplanned and plannad outages.

Propar care of parts, materials, and equipmant is raquirad from tha tima an itam is raceivad

until it is installed in the plant. This includes all phases of receiving, inspecting, handling,

inventory control, storing, retrieving, and issuing of matarials.

The preventive maintenance associated with materiel, parts, and aquipment during tha
storage phase is of primary importance.

7. Other Plant Meintensnce Information

A maintenance training and qualification (T&Q) program is established to maintain tha

knowledge end skills naeded by maintenance personnel to affectively perform maintenance

activities. Tha program is dasigned to halp optimize tha effectiveness of maintenance

parsonnal. The development of maintenance training programs is assistad by the

industry’s accreditation program (I NPO), an ongoing process that provides for maintaining

training programs.

Maintenance facilities directly affect maintenance personnal training and the ebility to
maintain the nuclaar plant in an optimum state of raadiness. Facilities include hot and cold

shops and satallita work areas, laydown and staging araas, storage facilities, tamporary

facilities, tool and aquipmant storaga, office equipment, and mockups for training facilities.

Included with tha facilities ara tha equipment, tools, supplies and parts to support them.
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Inspections of the material condition of the nuclear power plant is the responsibility of

management. This effort will dapend on many factors including design, fabrication,

modifications, ongoing maintenance, work control, and day-to-day operations. Following
initial plant construction, control of maintenance and modification activities will be the
prime method for keeping systems and equipmant in an optimum condition for support of

safe and reliabla station operation.

The involvement of management and supervision in pariodic station walkdowns and

inspections will enhance the material condition of the station and clearly display

management’s standards to all parsonnal. The station program for identification of
matariai condition deficiencies and housekeeping discrepancies is an important step in

maintaining station equipment in a condition of maximum safety, reliability, and

availability.

A document control program will provide correct and raadily accessible information to

support all plant maintenance requirements.

Technical manuals that provide vendor guidance for inspection, preventive maintenance

and repair of all plant equipment ara provided for use by plant personnel. Technical
manuals are controlled documents and maintained in a condition that reflects the actual

“as built” configuration of the equipmant.

Drawings that provide guidance for maintenance inspection, preventive maintenance, and
repair of plant equipment or systems are provided for use by plant personnel. These

drawings are controlled documants and maintained in a condition that reflects the “as
built” configuration that exists in the plant.

Approved procedures are usad to ensure proper maintenance and testing to support safe

efficiant operation of the plant. The procedures are clear, concise, and contain adequate
information for users to understand and perform their activities effectively. The

preparation, review, approval and revision of procedures and documants shall be controlled
in a manner that will assure their accuracy and availability.

Records to catalog individual personnal exposures are maintained by the owner and used
for tha life of the plant for the prevantiva maintenance program and also for possible

dasign of modification or equipment updates during the life of the plant.

8. Steam Generator Replacement

The design of the Systam 80+ provides ample consideration for the replacement of major
plant aquipment including the plant’s staam generators. ABB-CE staam generators have
had an excellent performance record, and incorporate the latest advances in materials and

design to maximize usaful life. However, the ovarall industry experience record combined
with the nead to extend plant lifetimes well beyond 40 yaars dictates that today’s dasigns

incorporate provisions for steam generator replacement. The containment polar crane is

designad such that it can be utilized to remove the steam generators from their cubicles to

the area of tha equipment hatch. Tha generators can then be skidded out the equipment

hatch into the outage building whare it will be lowerad onto an awaiting transport vehicle.
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Internal containment layout providas access to primary and secondary side piping to
facilitate cutting and welding operations that will be required for this evolution.

9. Plant Capacity Factor

The plant ia designed to achiave high capacity factors. This is accomplished by
incorporating advanced control system designs and whare appropriate, redundant design
featurea. To tha extent poasibla, redundant active components are provided in both the

nuclear and turbine islands to achieve and maintain full power capabilities.

Historically, a large fraction of unanticipated trips result from faults initiated in the main

feed and steam syetema. To minimize the impact on capacity factors, the dasign

incorporates a Reactor Power Cutback System (RPCS) designed to accommodate full load

rejections and a loss of one main feed pump without initiating a reactor trip and opening
primary/secondary safety valves. Tha design also incorporates an Extended Range

Feedwater Control System which allows for automatic steam generator water level control
from zero to full power. The automatic control of staam genarator levels at low power

operation eliminates the difficulty in manually controlling levels, which has also resulted in
numerous reactor trips. Thase advancad design features aliminate tha need for automatic

start of a standby component should a loss of component function occur that might result
in a turbine/raactor trip.

As an example, the design can accommodate a fault in the main feed system with

insignificant impact on plant capacity factor. A fault with a main feed pump and/or

controls will result in the actuation of RPCS, which will automatically reduce reactor power

by insertion of CEAS and initiate turbine cutback and runback to prevent a reactor trip on

low secondary or primary pressure. Once the plant has been stabilized at approximately
60”A, tha standby main feedwater pump can ba placed in service and the plant can be

quickly returned to full power operation. These design faatures hava bean demonstrated

during testing and operations at PVNGS.

ABB-CE designed NSSS have consistently led the nuclear industry in the U.S. in

performance, demonstrating the benefits of conservative plant design and prudent
operation. For twelva of tha past fourteen yaars, ABB-CE designad NSSS units have led

the USA nuclear industry in capacity factora. In fact, alaven ABB-CE designed NSSS
plants established new records for energy generation or for continuous operation during

the past three years. As examples, Fort Calhoun set a world record of 477 days for

continuous anergy generation by a light water raactor; Palo Verde Unit 3 sat world records
for annual energy generation and first cycle continuous enargy production and St. Lucia

Unit 2 established annual capacity factor records among all USA nuclear powar plants.

The historically good performance of these units (for fourteen years in the case of Calvert

Cliffs 1 ) supports the view that tha 1989 capacity factora reflact a set of unique

conditions and that, once thesa conditions have been corrected, future capacity factors
will again return to thair historically high values.

The envious capacity factor record achievad with the ABB-CE nuclear plant designs are

certainly indicative of tha caraful design, manufacture, installation and operation
considerations incorporated into each plant. Tha continued reduction in unanticipated trips
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eech year as the utility operators experience base increases indicates that the fundamental
plant design is vary sound and supportive of the requirements for high availability.

10. Spare Parts and Consumables

The Nuclear Spare Parts business unit of ABB Combustion Engineering has bean a supplier

of quality related spare and replacement parts to the nuclear industry for ovar twenty four
(25) years. Through an approvad supplier network consisting of both internal and extarnal

sources our cJiants needs for qualified spare and replacement items hava baan satisfied.

ABB Combustion Engineering is dadicated to provide reliable (qualified) naw and
spare/replacement parts which are certified for use in safety relatad and non-safety related

applications.

The spare parts end consumables stocking stratagy is developed to support maximizing

system and equipment reliability and availability while minimizing inventory costs.
Evaluation of spare parts requirements is an integral part of the overall nuclear plant design
process.

The emphasis on a comprehensive spare parts strategy produces a plant in which a low
inventory cost has been specified during the design phase. During the technical ava}uetion

and specification of equipment and components the cost of required inventory is also

considered. Criteria is daveloped by which equipment and components can be compared

relative to life of plant spare parts costs. The following aspects are considered:

. standardization of equipmant to minimize stocking levels
● operational performance of equipment in nuclear applications
● vendor recommended spare parts lists
● spara parts lead times
● spare parts shelf life
9 spare parts cost
● utilization of industry standard equipment

Emphasis is placed on the use of standard equipment where possibla, which reduces parts

costs and Iaad time over the life of the plant. The spare parts order is integrated with the
initial equipment ordar whenever possibla to reduce initial stocking costs.

Actual etocking levels for specific equipment is determined using the following approach.

The starting point used to identify stocking Ievals is the equipment vandors recommended

spare parts lists. These lists are compilad and raviewed, with the rasulting list modified

considering cost of epares, inflation factors, usage predictors, replacement lead times,

parts criticality, shalf life, plant preventive or planned maintenance programs, and parts

failure histories. A reliability centered maintenance (RCM) approach is considered to

determine part criticality, probability of part failure and impact on the plant. The RCM
methodology utilizes PRA and/or equipment failure history review to idantify parts which

have the highest potential for impacting overall plant reliability/availability. Spacific criteria
are davelopad to datarmine stocking Iavels considering thesa factors. From thesa criteria a

program of periodic stock level review is created, which a[lows for continuai control and

improvement in inventory throughout the life of the plant.
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1. ALARA

Radiation protection features important to assuring personnel and public radietion exposure

is maintained ALARA are incorporated in the design. Many lessons have baen learned

from tha current generation of nuclaar power plants in the area of radiation protection.
The System SO+ design incorporates these lessons to achieve the goal of limiting the

collective personnal exposure to less than 1 man -Sv/yr (100 man-rem/yr) in accordance
with the EPRI Advanced Light Watar Reactor Utility Requirements Document. The

radiation protection philosophy of ALARA anchors a fundamental commitment to the safe

operation of a nuclear plant. This commitment includes not only the plant personnel, but

also the general public who live and work in the surrounding communities.

1. Safety and Licensing Requirement

General

Systam 80+ is designed to satisfy stringent U.S. Regulatory Guidas and requirements
related to radiation protection. These regulatory guidas provide guidance for the plant

layout and operation, equipment design and selection, and system design to maintain

doses to the plant personnel and the general public ALARA. These include:

● The requirements of the USNRC Regulatory Guide 8.8 for specific features

which, if incorporated, will give high confidante that the ALARA principle will
have been satisfied.

● Radiation dose critaria of U.S. 10CFR20, limiting the exposure of staff during

normal plant operation, as well as limiting the maximum allowable

concentration of gasaoua end liquid wastes in tha unrestricted area.

# Radiation dose criteria of U.S. 10CFR50, Appendix 1, limiting the exposure of

the public during plant operation.

. Radiation dose criteria of U.S. 10CFR50, Appendix A, General Dasign Criteria
(GDC) 19, limiting the exposure of staff (control room operators) during

accident conditions.

. Radiation dose guidelines of U.S. 10CFR1 00, designed to limit exposure of the

public during accident conditions.

System 80+ design goals are to maintain the dose to the operating personnel and general
public ALARA, in accordance with Regulatory Guidas 8.8 and S. 10. The System 80+
design goal is to limit the collective dose to operating personnel to less than (100 man-

rem/year) in accordance with the EPRI ALWR Utility Requirements Document. Individual

dose reduction features used to minimize the dose to plant personnel and the genaral

public are evaluated and implemented based on whether they are cost-effactive and the

radiation exposure is avoidable. Dose reduction techniques, such as increased shielding

and distance between personnel and the radiation sourca and source term control are

considered and implemented in plant design, equipment selection and design, and plant
oDeration.
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A cost-benefit enalysis is performed to establish a favorabla cost-benefit ratio to ensure
reasonable efforts are taken to minimize the dose and maintain it ALARA. 10CFR50,

Appendix I specifies a favorable cost-benefit ratio of at least $1000/man-rem to the whole

body or critical organ (typically the thyroid) to minimize dose to the general public from
radioactive gaseous and liquid effluents released to the unrestricted area.

To maintain occupational dose ALARA includes maintaining both annual individual and the

collective occupational dose ALARA. A dose assessment is typically performed in

accordance with Regulatory Guide 8.19, “Occupational Radiation Dose Assessment in
Light-Water Reactor Plants Design Stage Man-Rem Estimates, ” guidelines to identify major

tasks with a significant contribution to the collective occupational dose (expressed in man-
rems). The following sections provide examples of various radiation protection design
features incorporated into the System 80+ design to maintain radiation exposures ALARA.

2. Dasign Features and Alternatives for Reduction

System 80+ incorporates various dose reduction features that significantly reduce

occupational exposure. These includa material selection, chemistry control, corrosion
product reduction, shielding, and equipment selection discussed in the following section.

Source term control is an important aspect in the design in maintaining personnel exposure
ALARA. Corrosion product production accounts for a significant portion of the total doss
received by plant personnel. Incorporated are design features that not only reduce the
production of corrosion products, but also minimizes the collation of corrosion products

(crud) in crud traps. These crud traps result in localized hot spots that require additional
maintenance and therefore increased personnel exposure. The implementation of corrosion

product reduction features into the design reduces the overall dose due to operation,

maintenance and inspection activities.

a. Material Se Iection

Materials have been selected to reduce the production of activation products, such as
crud, in the reactor coolant system. One mechanism for corrosion product production is

the erosion of metallic surfaces containing primarily cobalt and nickel impurities. These

metallic fines can then be circulated through tha reactor resulting in their activation. These

corrosion products can then be deposited at low points or crud traps creating hot spots.

The design uses materials with low cobalt and nickel impurities ~ 0.020 w/o) and

corrosion rates for components and piping in diract contact with primary system water to
reduce in the production of radioactive corrosion products. Cobalt based alloys will be

avoided except in cases where no proven alternative exists. Low cobalt alloys are utilized
for control rod drive materials. In addition, the meterials (such as stellite) used hard facing

application for bearing journals and valve seats, which have a high content of cobalt, are
minimized whanever possibla. These materials are eroded or corroded from tha base metal

and transported to the reactor core region where it is activated.

Efforts are ongoing in the industry to develop cobalt free alloys for use in hard facing
materials. For instance, current studies, sponsored by Electric Power Resaarch Institute
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(EPRI) in the United Stetes, are evaluating cobalt-free hard facing materiala for valvea.
Materials, such as NOREM, may be available in the near future.

The steam generetor design uses Inconel 690, which has a lower nickel and cobalt content

than Inconel 600 used in the current generation of nuclear powar plants. This will reduce

the buildup of corrosion products in the steam generator requiring sludga lancing during
refueling outages.

b. Che mistrv Co ntrol

Tha chemistry control program for the reactor coolant system (RCS) also minimizes

radiological consaquances. The EPRI primary chemistry guidelines, as currently revised,

are incorporated in this program. During the pra-core operation period, the RCS is

operated at tamparatures abova 350” F with an alavated pH to form a protective oxide film

on metal surfacas. This oxide film resists chemical attack during subsequent plant

operations, tharaby limiting furthar corrosion of RCS meterials and consequent formation
of activated corrosion products. Chemistry control during normal plant operation requirea
an adequate hydrogan invantory to scavange corrosion-inducing oxygen, and coordinated
lithium-boron control to maintain pH at a level which minimizes the precipitation of

corrosion products on the core. This reduces the activation rate of these corrosion
products and the subsequent formation of out-of-core radiation fields. Additionally,

studies have shown that a sufficiently high pH minimizes the corrosion rate of RCS

components. The PH of the reactor coolant is incraased from 6.9 to 7.4 to reduce the

equilibrium corrosion rates and the buildup of corrosion products on the primary system

surfaces. These features raduce the out-of-core radiation fialds and tharefore tha
personnel exposure associated with maintenance and inspection activities.

c. GOrrosion Produc t Accu mulation Avoidance

The design minimizes corrosion product accumulation in systems in contact with reactor

coolant. These systems are designad to avoid low points or stagnant pipe legs whare
accumulation of corrosion products can occur. In addition, piping in contact with reactor

have smooth internal surfaces to prevent the accumulation of radioactive corrosion

products in internal crevices.

d. Deco ntamination

Flushing capability will be provided in tha primary system to facilitate decontamination of

the piping. Additional methods of decontamination include chemical decontamination.

The primary system components are designad to be compatible with the chemical

decontamination techniques to reduce personnel exposure for ALARA objectives. Current
nuclear plants have successfully performed decontamination of primary system
components, such ea steem generator primary heeda end reactor coolant pump impellers.
The low oxidation-state metal ions (LOMI) soft decontamination process is used as a

modal process for design considerations. All chamical concentrations are less than 3000

ppm. Subsoiling temperatures ere used throughout, alleviating the need to pressurize the

systam. In addition, all decontamination solutions can be berated as a precaution against

possible boron dilution accidents.
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e. ~hielding and Plant Layw

The plant is divided into radiation zones to maintain personnel exposure ALARA and aid in

plant layout. Sources ara identified and their associated source strarsgths are developed

based on 0.25% failad fuel cladding rate in accordance with tha USNRC NUREG-0800, the
Standard Review Plan, Saction 12. From this shielding codes, are used to evaluate the

dose rate to surrounding areas from these sources based on thair source strength,

shielding provided, and geometry. Careful attention has been given to the location of

penetrations so that they are not in a direct line of sight with the sourca. This minimizes

the potential for streaming of radiation through a panatradon and the adverse impact on

equipmant qualification and personnal axposura.

In addition, access is controlled by the uaa of Iockad doors to high radiation areas. These

araas are also provided with shield doors or labyrinth entrances which ensure at Iaast two
reflections of radiation from the aourca to the entrance. This reducas the personnel

exposure due to the scatter of radiation.

Shielding is providad batween radundant components. Radundant components are located
in separata cubicles whanevar possible to minimize parsonnel exposure received during

maintenance activities. The cubicle walls, which are typically four feet thick, provide an

effective means of shielding. Similarly, highly radioactive components, such as ion
exchangara, are located in separate compartments or cubicles. Components, such as
valves, are located in valve galleries so that operational and maintenance activities can ba

parformed in a lower radiation area.

Parmanent shielding ia provided whenever possibla. Temporary shielding is provided, aa

necessary, during operational and maintenance activities.

The general arrangement design incorporates ALARA principles to minimize personnel
exposura. They include systam and component location, spacing, and pipe routing. For

instance, the genaral arrangement or the plant layout provides for the physical separation

of radioactive systems from nonradioactive systems. This helps control tha spread of

contamination and minimiza the necessity for routing radioactive piping through personnel

corridors, es well as facilitatin~ radiation area access control. Radioactive piping is routed
through shialdad pipe chaaes whanavar possible. Tha numbar of active components

located in the pipe chases are minimized to reduce the frequency of access required into

the pipe chase for maintenance activities. In addition, adequata spacing around equipment
for easy access to facilitate maintenance and inspection activities is provided. This
includes provisions for equipment Iaydown and pull areas, platforma, aa well as transport

paths to facilitate ramoval, transport, or replacement of equipmant or portable shielding
during maintenance activities.

f. ~ ial TOOIS an renlannin

Doss can be reduced during operation by the use of remotely oparated equipment, such as

raach rods and robotics. Thaae tools will ba usad whenever there is a direct doaa
raduction benefit or there is no othar maans to perform tha task. These tools can raduce

personnel exposure by anabling personnal to perform activities mora efficiently or by

increasing the distance between the personnel and the radiation source.
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Provisions hava been made in tha design of various components to facilitate the use of

special tools, such as robotics, for maintenance activities. For instance, tha siza of tha
manways for the steam genarator has been incraased to 21 inchas to parmit accessibility
for robotic equipment to form routine maintenance and inspection activities.

Included in job preplanning is a total dose estimete of person-reins required to complete

the job. The plant layout will be designed on a three dimensional graphics program celled
PASCE. This model can be used in futura plant operations for developing three

dimensional dose maps. Thesa maps can be generated using PASCE which integrates the
plant layout graphics with specific area information, such as dose rate and source

location(s) as maasurad by haalth physics parsonnal. This information can be readily used

by haalth physics personnel to astimate doss, as well as by personnel in the field to

effectively implement ALARA principles of time, distance, end shielding during
maintenance activities. In general, much work will be performed outside the radiation area

including reading manuals or maintenance procedures, adjusting tools, repairing valve

internal, and prefabricating components.

The waste management systems are designed to segregete waste based on the radiation

level, physical and chemical characteristics, and the type of waste (solid, liquid, or
gaseous). By segregating waste streams, processes can be tailored to the unique

characteristics of each weste stream. This improvas the efficiency of the process and
prevents the mixing of waste streams, thus minimizing tha radiation exposure to the

personnel.

The wasta managamant systams are designad to process waste straems resulting from

1 % failed fuel cledding during normal operations so that liquid and gaseous discharges are

maintained less than 10CFR20 limits. Thesa systems are also designad with sufficient

surge capacity to accommodate the maximum axpected production rate of waste during
normal operating, rafueling, and shutdown conditions. The liquid waste management
system is designed with additional decontamination end recirculation capabilities. The

wasta management systems are not designed to provide decontamination of post-accident

source terms during post-fault conditions. These systems are typically isolatad during

post-accident conditions by the control room operators.

h. Fault Mitigation

Radiological consequences of faults (accidents) are mitigated by the processing of the
inplant atmosphere and affluents discharged by ventilation systems designed in

accordance with Regulatory Guidas 1.52 and 1.140, Dasign, Testing, and Maintenance

Criteria for Atmosphere Cleanup System Air Filtration and Absorption Units of Light-Watar-
Cooled Nuclaar Power Plants” and “Design, Tasting, and Maintenance Criteria for Normal

Ventilation Exhaust System Air Filtration and Absorption Units of Light-Watar-Cooled

Nuclear Power Plants, ” respectively. Thesa standards specify the system operation and

filter efficiencies for ramoval of organic, particulate, and elamental iodine. These

ventilation systems include:
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● Containment Annulus Ventilation System is used to mitigate the offsite dose
consequences resulting from a design basis accident. The filters provided have

efficiencies of:

elemental iodine 0.95

organic iodine 0.95

perticulates 0.99

● Control Room Ventilation System operation considered in control room habitability
during post eccidant conditions. This system maintains e positive pressure on the

control room to minimize unfiltered inleakage of radioactive gasas. In addition, the
filters mitigate dose to control room operators. The filters provided have efficiencies
of:

elemental iodine 0.95

orgenic iodine 0.95

particulate 0.99

● Fuel Building Ventilation Systam is used to mitigate the dose consequences of a fuel
handling accident in the fuel building. The filter provided have efficiencies of:

elemental iodine 0.95

organic iodine 0.95

The filter efficiencies listed are dependent on the flow rate and moisture contant of air

being processed. Provisions are made in these systems to provida adaquate flow rate and
moisture content control to ensure tha above filter efficiencies are maintained in accident

conditions.

In addition, containment spray provides for the reduction of the concentration of

radioiodine in the containment atmosphere in post accident conditions via fission product

scrubbing by the containment spray water. The design ensures that there is 65”A
coverage of the total area of containment. This ensures sufficient removal capability for
radioiodine so that radiological consequences can be effectively mitigated.

3. Radiation Co ntrol

Radiation Protection Design

Lessons have been Iearnad through the operation of the current generation of nuclear

power plants. These lessons have been incorporated into the System 80+ plant design,

layout, equipment design and selection in accordance with Regulatory Guide 8.8 and 8.10

guidelines.

a. Civil. Plant. and EauiDment Desiaq

The plant is designed so that radioactive and nonradioactive components are segregated.

This minimizes the potential for the spread of contamination and the need to route

radioactive piping through or adjacent to personnel corridors. Radioactive piping is routed
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through shielded pipe theses whenever possible to minimize personnel exposure.
Redundant radioactive components are located in separate cubicles so that maintenance

can be performed in a lower radiation area. Adequate spacing is provided to ensure

sufficient Iaydown or equipment pull area for maintenance to be formed. Shield walls are
generally at least four feet thick.

Platforms are provided around equipment such as tha steam generators and reactor

coolant pumps to facilitate accessibility during maintenance and inspection activities.
Penetrations are located so that they are not in a direct line of sight with the source. This

minimizes the adverse impact of radiation streaming on equipment qualification and

personnel exposure. Locked doors are providad to high radiation areaa to ensure sufficient

access control to thesa areas. Labyrinth entrances are also provided to minimize the
personnel exposure due to scattered radiation.

A shielding analysis is formed for both normal and post accident conditions to ensure

accessibility to vital areas and personnel exposures are maintained ALARA. Sources are
identified and evaluated based on associated source strengths, geometry, and shield

thickness and composition using acceptad shielding codes. These analyses calculate the
reactor coolant equilibrium source term assuming 0.25°A failed fuel cladding. This source

term is then used to calculate various component source terms taking credit for
decontamination through filters and ion exchangers as appropriate. In addition, the

concentration in filter and decontamination media is calculated to determine the solid
waste management system isotopic inventory for the shialding analysis.

b. Pktework

It ia a design objective of System 80+ to minimize dead lags, flow restrictora, etc., which

may lead to crud traps.

Experience from past designs and inservice inspection programs has resulted in design
features being incorporated that reduce occupational radiation exposure. The most

significant improvement for performing inservice inspection is the reduction of linear feet

of weld in tha major components. The raduction in weld footage has been accomplished
by component redesign, usa of forged sections versus forged-welded plate sections, and
increasing the size of certain sections.

c. R’~ n Dr in

In System 80+, Radioactive vents and drains are segregated from nonradioactive vents

and drains to prevent the spread of contamination in the plant. Radioactive fluids collectad
will be routed to the liquid waste management system to be processed and monitored prior

to release to the environment. Nonradioactive drains will be monitored prior to release to

the environment. Nonradioactive drains will be monitored for radioactivity. If they are
radioactive, they will be directed to the liquid waste management system for further
processing prior to release. Radioactive vents from tanks, such as the equipment and

reactor drain tanks, are routed to the gaseous waste management system for processing

via a charcoal delay system prior to ralease. This system is designed to delay the release
of radioactive gases so that the concentration of radioactive gases at the exclusion area
boundary is within 10CFR20 limits during normal operation. Ventilation systems are
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provided for containment, reactor building subsphere, the nuclear annex, the fuel building,

and the control complex to ensure gaseous effluents are filtered prior to release. All
release pathways are monitored prior to release.

d Floor Drains

In the System 80+, a floor drain system is provided to collect equipment leakage and

condensate. This system is segregated into potentially radioactive floor drains and
nonradioactive floor drains. These drains are physically separated to prevent the

inadvertent contamination of the nonradioactive drains by contaminated liquid. These
radioactive drains are directed to the liquid waate management system for processing prior

to release. The nonradioactive drains are monitored prior to release to ensure there is no
inadvertent release of unprocessed radioactive liquid. If this drain in radioactive, these

fluids are directed to the liquid waste management system for processing.

e. Ventilation (HVAC) Provisions

Plant ventilation provisions are provided for containment, the reactor subsphere, the

nuclear annex, the fuel building, and the control complex. These systems are designed so

that flow is from areas of lower to areas of higher potential activity. This design
minimizes the potantial for the spread of contamination. The System 80+ design ensures

the inplant concentration of airborne contamination is within 10CFR20 limits.

f. Radiation Monitoring

Tha System 80+ design provides araa, airborne, and process radiation monitoring in all

areas that are potentially radioactive or contaminated. These monitors provide indication
and alarms of abnormal condition in the plant. Process monitors are used to provide

control actions, as necessary, to terminate releases or divert flow through filters or to an

appropriate sYstem for processing prior to relaase. Alarms are provided both locally and in
the main control room. The activity levels and the status of the monitors are monitored
via the DIAS and DPS by the operators. Area monitors ara providad with both visual and

audibla alarms to alert personnel to abnormel radiological conditions in tha plant.

4. Radwaste Proces sins Leadina to Safe Storaae/Disnosa l/Dischar~

The principal design objectives of the radioactive waste management systams ara:

● Collection of wastes generated during anticipated plant operations which

potentially contain radioactive nuclides.

. Provision of sufficient processing capability such that wastes, both liquid and

gaseous, may be discharged to the environment at concentrations well below

regulatory limits specified in 10CFR20 and consistent with ALARA guidelines

specified in 10CFR50, Appendix 1.

● To provide collection for the collection, processing, solidification, packaging,

temporary storage, and preparation for shipment of wastes generatad during
plant operations and maintenance, while maintaining personnel exposure
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ALARA in accordance with Regulatory Guide 8.8 and 8.10, 10CFR20 and
10CFR50.

a. Svste m80+ Gaseous Waste Management Syste m Desian

The Gasaous Wasta Management System (GWMS) provides means to collect, stora,

process, sampla, and monitor radioactive gasaous waste prior to ralaaaa. Gasaous waste

is collactad from the Reactor Coolant Systam (RCS), the Chemical Volume and Control

System (CVCS), Liquid Wasta Management System (LWMS), and aeratad gases from
various vents in the plant. These gasas are processed in charcoal delay system. The
GWMS contains conditioning equipmant to minimize moistura and contamination in the

charcoal absorbers, as well aa charcoal absorbers to delay tha passage of noble gases
through the equipment. The effluent is discharge through the radwaste facility vent via
HEPA filters. Dual hydrogen analyzers ara used to provida indication in the control room of
high concentrations of hydrogen and oxygen in the GWMS. These concentrations ara

maintained less than 4°A by use of nitrogan purge to preclude the buildup of an axplosive

mixture of hydrogan and oxygan.

Tha GWMS effluent is continuously monitored to ensure the concentration of radionuclides

at tha unrestricted area are within 10CFR20 limits. The radiation monitor terminates
release from the GWMS if a preset limit is exceeded. This provision prevents the

inadvertent discharge of effluent in excess of regulatory limits.

Tha current effluent analysis is parformed based on a gasaous sourca tarm assuming

0.25”A failed fuel cladding.

b. Svste m 80 + Liauid Waste Management Svst em Desian

Liquid Wasta Management System (LWMS) providas the capability to collact, sagregate,

store, process, sampla, and monitor radioactive liquid waste. The LWMS is designed ta

segregate waste to minimize the potential for mixing waste streams. This enables the
operator to tailor tha system basad on the proparties of the waste stream. The LWMS is

divided into subsystems to procasa aach of the following categories of waste:

● Equipment drain waste which includes, for exampla, degassed reactor grada

radioactive liquid waste

● Floor drain waste which includas, for example, non-reactor grada radioactive

liquid waste

. Detergent waste which includas, for example, laundry and hot shower waste
liquids

● Chamical waste which includes, for example, non-detargant liquid wasta.

These wasta streama are not interconnected prior to collation and processing. The

LWMS is provided with filtration, decontamination by mixed bed ion exchangers, as

necessary. The LWMS is provided with quick disconnects which enable the operator to

connect additional ion exchangers, mountad on skids, as needed. The waste is batch
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sampled prior to procaasing and relaase and recirculated for furthar processing as needad.
Wasta specific pratreatments, such chemical addition to adjust pH and flocculent addition,

oil and crud removal from floor drain waste are provided as nacessary.

A radiation monitor is provided at the radwaste plant discharge to monitor the

concentration of the effluant to ensure it is in compliance with 10CFR20 limits. This

monitor terminates release if a preset limit is axceeded. This minimizes the potential for an
inadvertent ralease of affluant to the environment in excess of 10CFR20 limits.

The current effluent analysis is formed basad on a gaseous source term assuming 0.25%
failed fuel cladding.

c. SW tern 80+ Solid Wasta Management S vstem Desian

The Solid Waste Management System (SWMS) is designad to collect and process wasta

for shipment to a licensed burial site. The solid waste management systam is provided
with tha capability to dewater or solidify wet solid wastes, and compact dry compactibla

waste. Noncompatible dry solid waste is simply placed in a shipping container for

shipment. The wet solid wastes are processed in accordance with 10CFR61 requirements.
Wat solid wastes are dewaterad to ansure that the liquid content is less than 1 ‘k by
volume prior to shipment. The owner operator will develop procedures to astablish initial

boundary conditions and processing raquiraments, such as settling tima, dewater times,
etc. The procassed waste is shipped off site to a licensed burial site in accordance with
10CFR72 and Department of Transportation requirements. The intarim radwaste storage

facility is designed to provide additional storage capacity for up to 6 months. This facility

is located in close proximity to facilitate transport of shipping containers from tha

radwaste facility to interim radwaste storaga facility.

d. Radwaste Facility

The LWMS, GWMS, and the SWMS are housed in the Radwaste Facility which is designed
in accordance with Regulatory Guide 1.143, “Oesign Guidance for Radioactive Waste

Management Systems, Structures, and Components Installed in Light-Watar-Coolad

Nuclear powar Plants. ” This regulatory guide raquires curbing and drains to prevant or
minimize tha potantial for an uncontrolled relaase of liquid affluant from the building. This

facility is also dasigned to withstand an Operating Basis Earthquake (OBEI.

e. Radioact ive Waste

The overall radiowaste waste generated by System 80+ is shown in Tables 111.K-8a, b and

c.
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J. SAFETY (Including PRA)

1. Safaty of Design

The engineered safety features of the System 80+ design are designed to prevent and/or
mitigate the effects of core damege accidents. As an evolutionary ALWR, System 80+

not only satisfies USNRC regulatory requirements in this regard, but also addresses the

safaty philosophy and requirements sat forth in the EPRI ALWR Utility Requirements
Document (ALWR URD). This section describes the System 80+ design philosophy for
engineered safety systems that responds to thase two sets of requirements.

A basic principle of the ALWR design philosophy used in the development of the System

80+ engineered safety systems is the differentiation between core damage prevention and

core damage mitigation. This distinction is basad on the overall ALWR concept of

defensa-in-depth, which includes fault tolerant design, raducing the frequancy and
consaquenca of faulta and mitigating the consequences of faults that may occur. Tha
highest priority is assigned to prevention of core damage accidents, followed by mitigation.

The System 80+ reactor vessel and primary reactor systems are housed in a steal
containment structure which is surroundad by a concrete reactor shield building. This

radundant containment design provides a maans of preventing fission products from baing
released to the environment in the unlikely event of an accident. Other physical barriers

are amployed to pravent or limit fission product relaase as part of the traditional defanse-
in-depth philosophy.

As a first level of defense-in-depth, the reactor, reactor coolant, and auxiliary systems are

dasigned to be accident resistant. Substantial design margins are utilizad in systems

design to ensura that unanticipated demand for actuation of safety systems (e.g.,
transients and external events) is infrequent. The next Ieval of defense-in-dapth further
emphasizes core damage prevention, which is also a function of the System 80+

engineered safety systems. Thus, these safety systems are high capability, high margin,
and simple in design. The naxt level of defense-in-depth emphasizes mitigation systems,
which are designed to contain and control fission product activity released to the

containment in tha very unlikaly event of a core damaga accident. Together, these
systems ensure that the public and the environment are protected from such an accident.

The complete set of requirements which form the foundation of the System 80+

engineered safety features dasign is collectively referrad to as the aafaty design basis.
The EPRI ALWR Program found it convenient to further differentiate the safety dasign

basis into two categories, since the URD requirements were intended to enhance safaty

beyond that required by USNRC regulations. These categories are referred to as the
Licensing Dasign Basis (LDB) and a Safaty Margin Basis (SMB).

Tha Licensing Design Basis requirements are those which are necessary to satisfy the

USNRC requirements for nuclear powar generating plants as dafined in the Code of Federal

Regulations (CFR) and in associated regulatory guidance. Therefore, conservative NRC-

approved calculation methods and assumptions are used for safety systems analyses, and
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the systems meet NRC-mandeted acceptance criteria. For the purposes of meeting
regulatory limits for Licensing Design Basis avants, only safety -ralated equipment is

assumad to be availabla.

The System 80+ design incorporates features responsive to the ALWR Safety Margin
Basis requirements in order to provide safaty margins bayond tha minimum required by tha

USNRC. The Safety Margin Basis is intended to provide additional safety assurance for
investment protection and sevare accident (beyond design basis) protection. The concept

of increased investment protection focuses on minimizing an owner’s financial risk, with

the added value of improved plant safety by improving accident prevention. Severe

accident protection incorporates NRC policy-laval guidance; tha impatus is to provide an
increased assuranca of containment integrity and low Iaakage of radioactivity during a

savare accident. While conservative, NRC-spacified design methods and acceptance
critaria are required undar the LDB, best-estimata mathods may be used to confirm the
adaquacy of dasign margin under the SMB. Further, this approach factors in industry

operating experience and accepted good engineering practice.

Within this context, design requirements for safety may be associated with each of the

three Ievals of defense-in-depth described above. For exampla, tha System 80 + LDB
addressed accident resistance by adopting regulatory imposed margins, in-service
inspection and testing requiramants, and requirements associated with ensuring reactor

coolant system boundary integrity. Cora damage prevention is provided by safaty systems

that meet USNRC regulatory requirements for specified accidents, without exceeding
regulatory fuel limits. Mitigation is based on the NRC requirements for Loss-of-Coolant
Accidents (LOCA), the design basis for containment and assumed source terms.

The System 80+ SMB provides for additional accident resistance through the use of
incraased safety margins, greater simplicity, and specification of imposed system and

component reliability. Core damege prevention goes beyond regulatory limits, to
encompass such features as increaaed margins to fuel damage and no fuel damage for a

medium LOCA. For mitigation, provisions include conservative, rugged containment

systems and a challenging Iarga ralaase requirement for Iesa than 25 ram whole body doss

at tha site boundary for accident saquences with cumulative fraquency greater than 106

per year. This large release requirement affords a substantial margin to the NRC safety

goal, and will ba confirmed by the PRA. The mean annual core damage fraquency goal is
lass than 1 x 10“5 events per year.

The following paragraphs describe the functions and features provided for core damage
prevention and mitigation, and indicate the consideration given to hypothetical severe

accident scenarios.

b. co re Dema(re Prevention

Safety functions that act to prevent initiating events (e.g., transients, equipment failures)
from progressing to tha point of core damage are collectively referred to as core damage
prevention function. Core damaga prevention addrasses not only the direct safaty

functions of the engineered safety features, but also support functions provided by non-

safety auxiliary systems and on the safe operation of normal plant operating systems. Tha

direct core damage prevention functions includes:
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● The core coolant inventory function - the System 80+ Sefety Injection System
(S1S) provides makeup water from tha in-containment refueling water storage

tank (1RWST) to the Reactor Coolant System (RCS) to prevent significant core

heatup. A related systam, the Containment Spray System (CSS) is used to
provide containment cooling and containment atmosphere fission product

removal.

● The decay heat removal function - the System 80+ Emergency Feedwater
(EFW) and Shutdown Cooling (SC) Systems provide for tha transfer of sensible

and decay heat from the RCS to the atmospheric dump valvea end the Ultimate
Heat Sink (UHS).

● The diveraa reactivity control function - the System 80+ Safety Injection
System (S1S) providas a normal maans of inserting negative reactivity into tha
reactor cora beyond that of the control rods; a backup means is provided by

the Chamical and Volume Control System (CVCS).

● The RCS pressure control function - the Systam 80+ Safaty Depressurization

System (SDS) is designed to preclude RCS overpressure and to allow for RCS

depressurization. This depreasurization function is included in the core coolant
inventory control function.

Specific features of the Systam 80+ enginaared safety systems which ere intended to
prevent core damaga are:

. Safety system functions ara assured by use of redundant divisions. This
ensurea that plent design meats the single failure criterion as specifiad in 10

CFR Part 50, Appendix A, Genaral Design Criteria, Definitions and
Explanations. The number of divisiona employed for engineered safaty

systems is determined using the occurrence of the most limiting single failure

as the basis for analysis. Each division of a system important to safaty is
totally indapandent and separated both mechanically and electrically, except

for those areas where it is physically not practicable or is less safe to do so,

such as in the control room and at the reactor vessel.

● Systems ara provided to maintain tha plant in a safe condition during a station

blackout (loss of off-site and on-site AC power). For station blackout, a safe

condition is defined as a plant condition in which tha reactor ia subcritical, the
core is covarad with water, and no design limits have been exceeded. The
condition must be such that upon restoration of AC power to ona division,
plant recovery can commence.

. The capability to repressurize end cool down the primary system is provided

using safety grade equipment, assuming an initiating event and the most
limiting single failure. Reactor core cooling systems, including the Residual

Heat Removal System, are provided with sufficient instrumentation to provide

tha oparator with accurate indication of core cooling conditions.
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● The System 80+ safety-related core cooling systems are sized such that

adequate inventory of cooling water is availabla for core cooling in compliance
with 10 CFR Part 50.46 fuel cladding temperature limits for design basis
evants, with a design margin to account for flexibility in operations.

. Safety-relatad systams are designed such that no fual damage is predicted to

occur, based on best-estimate calculations with full system operation, for a
postulated near instantaneous pipe break with an area equivalent to up to six

inches in diamatar in the reactor coolant boundary.

c. m re Damrme M\tiaation

In tha unlikaly avent of cora damage, the System 80+ mitigation functions are designed to

limit on-site and off-site radioactivity raleases to acceptable levels. The systams and

structural which provida this function are oparable during normal, off-normal and design

basis evants to limit radionuclide relaase as well as protect personnel and equipment from
both internal and axtarnal environmental hazards. The principal mitigation functions are:

. Tha containment integrity function. This asauras high containment integrity

under core damage condition. This function includes containment boundary
testing, heat removal to maintain containment integrity following events that
release mass and energy to the containment, isolation in the event of

conditions which could Iaad to core damage, and combustible gas control,

which ansuras that tha hydrogan gas which could ba generatad as a

consequence of core damage does not threatan containment integrity.

● The fission product control function. This ensures that radioactive fission

products releasad from a damagad core ara controlled so that specifiad

allowable Iaakage from the containment does not pose a significant off-site
dose thraat. This function includas both ramoval of fission products from

inside primary containment, from within the annulus between the primary and
secondary containment structural, and control of fission product leakage
through containment.

Principal System 80+ dasign features which contribute to the mitigation of core damage

in conformance with tha licensing design basis (LDB) ara:

● Containment systams are designed to provide for retention of radionuclides for
LDB events. Maximum off-site doss levels are calculated to be within US

regulatory limits and accepted values for sourca terms.

● The System 80+ plant is dasigned with both a primary containment and

secondary containment. The Annulus Ventilation System (AVS) sarves the
space between tham, and is axpressly dasigned to mitigate the consequences

of airborne products of radiation that might otherwisa become an

environmental hazard during and following an accident. The AVS servas no
normal ventilation function; its purpose is specifically to provide additional

assurance against the relaase of fission products to the environment.
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. Active systems used for the containment safety function are designad in
accordance with tha single failure criterion and specify safety-grade

components.

. Tha containment and containment cooling systams ara designed to contain or
remove the energy associated with energy sources within the containment as a

result of a Oesign Basia Accidant, including sensible energy and energy

genereted as a rasult of the avant, without exceeding design limits.

● Tha System 80+ containment design leakage rate meets applicable off-site

dose limits for conditions in the containment using conservative US regulatory

methods. The Containment Isolation Systam assures that containment Ieakaga
is within design valuea and regulatory limits. Provisions are made for

containment Iaak rate testing to demonstrate that design leakage rate is in
accordance with NRC requiraments.

● The Hydrogen Mitigation Systam provides for combustible gas control
following a core damaging accident. Tha Systam 80+ plant meets tha
regulatory limits imposad by 10 CFR Part 50.34, which requires that for an

assumed 10OOA matal-water raaction of activa fual cladding, the resulting

uniformly distributed hydrogan concentration in containment is kept below
10OA by volume or the containment is inertad. Containment integrity is

maintained during an accident with accompanied hydrogen release.

. The pH level in containment sumps is maintained at a Ieval such that, in the

event that fission product iodine should collect there after an accident,
formation of elemental iodine from radiolysis in water does not preclude

meeting the off-site dose limits allowad by the EPRI ALWR program.

Principal Systam 80+ dasign features which contribute to the mitigation of core damage
in conformance with the safety margin basis (SMB) ara:

● Reliable containment isolation is provided, such that containment bypass due

to isolation failure is improbable.

● The containment structure is designed with sufficient margin to provide

protection against both short-tarm overpressure failure (several hours) and

Iongar-term overpressure failure and temperature failure. This conforms with

EPRI ALWR provisions for savera accident protection.

● Tha ovarall size of the containment and the designed lack of

compartmentalization within containment allow for pravantion of hydrogan

buildup by providing for good mixing of containment air through natural
circulation; in enclosad spacea within containment, hydrogen igniters are
provided. Tha System 80+ containment is sized to assure that the uniformly

distributed hydrogan gas concentration does not excead 13% undar dry

conditions for an amount of hydrogan equivalent to that generatad by oxidation

of 75”A of the fuel cladding surrounding the active fual.
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To accommodate severe accident scenarios, the following design considerations are

employed in the System 80+ design for mitigation of core damage:

● Tha System 80+ Severe Accident Analyses are predicated on the assumption

that the containment will be inaccessible for a long term period after a savere
accident.

● Reliance on active equipmant inside the containment is minimized for severe

accident analyses.

. The reactor cavity can be flooded after a severa accident to pravent core-

concrete interaction. Adequate cooling of core dabris is provided.

. Decay heat can ba removed from core debris after the severa accident for an

extended period, up to the time et which active cooling means are no longer
required.

. The containment is designad to retain fission products after a severe accident.

● Plant instrumentation is designed to provida an operator with sufficient
information to determine whether core darnage has occurred, such that the

operator may take necessary actions for severe accident mitigation.

The overall System 80+ design program for fault mitigation is based on the

philosophies and features outlined above. The System 80+ incorporates sufficient

design margins to optimize capabilities for post-fault operations whila ensuring

continuad plant safaty. As detailed plant design progresses, final systems setpoints,

tachnical specifications, datailed operating procedures and post-accident
management procedures will be developed, including accident management
procedures for severe accidents.

2. Atmroach to Hazards

The System 80+ standard nuclear plant is designed to meat or excaad the raquiraments to

which it is being reviewed by the USNRC under tha Design Certification Program for

ALWRS. To ensure meeting the objectives in performance, reliability, and safety, the

System 80+ is designed in anticipation of certain external events which are unrelated to

the anergy conversion/electricity generation processes, but whose occurrence could
damage the plant. These events are raferred to as hazards. Thase hazards, US regulations
which govern them, and the System 80+ dasign features used to accommodate them are

discussed in this section.

The overall approach to treatment of hazards used in developing the System 80+ design

consists of identification and evaluation of those events which are potential hazards. A

sat of potential hazard evants is defined based on USNRC requirements and utility industry

operating experience. These events are then considered individually or are placed in
groups as appropriate for further dasign analyses. This approach is consistent with the
extensive experience base of US operating reactors and the reliance on proven design

inherant to the evolutionary System 80+. Consequently, evants with potential for
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frequent occurrence are subject to deterministic evaluations which ere basad on design

criteria developed from USNRC regulatory guidance and previous power plant design,

construction and operations experience. Hazard evants, including those which may occur
infrequently, are also evaluated using probabilistic risk assessment methods. The

combination of deterministic and probabilistic assessments provides a comprehensive
method of assuring that the frequency and consequences of hazard events are

appropriately limited.

a. Hazerd Definition

A hazard is any avent which may damaga plant structural, systams, or equipmant and has

the potential to cause singly, or in combination:

one or mora initiating faults which are within the design bases

a significant reduction in tha reliability and availability of plant safeguards

a more savere initiating fault than that assumad for dasign bases calculations

an initiating fault which is outsida the dasign basas.

Design basis hazards ara those hazards which may occur with sufficient frequancy that

they must be considered in the facility design. Particular hazard evants are assigned this

classification based on deterministic critaria devalopad using USNRC regulatory
requiramants and drawing heavily on US nuclear powar industry design and operating

experience. Hazards which may occur infrequently and are not considered in plant dasign
are called beyond dasign basis hazards. Bayond design bases hazards are evaluatad using

a Probabilistic Risk Assessment (PRA) analysis. Although it may be determined that
occurrence of particular hazard evants is unlikaly for certain potantial plant sites, System

80+ is dasigned on the basis of a set of assumed site-related parameters selected to

envalop moat potential nuclaar power pIant sites in the US.

For the System 80+ dasign, hazards hava been classified as eithar intarnal or extarnal.

Internal hazards are dafinad as those hazards which originate from within the site

boundary. Extarnal hazards are those which affect tha station but originate outside the
site boundary; extarnal hazards may be furthar subdivided into those which are man-made
and those which are natural phenomana.

b. Ge nerel Re auirements for Desicm Aaainst Hazards

This subsection describes general requirements and methods of analyses used in the

System 80+ design.

(1) ~inale Failure C riterion

Tha System 80+ is designed to ensure that it can ba brought to and maintained at safe

shutdown conditions following the occurrence of a design basis hazard. The plant is

designad to the aingla failure critarion as required by the USNRC and the codes and

standards appliad to US dasign of safaty systams. Analysis of initiating events within the
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design basis begins with application of this criterion; the single failura criterion is applied

to both active and passive failures.

Within the US regulatory framework, 10 CFR Part 50, Appendix A, General Dasign

Criteria), a single failure is defined as “... an occurrence which results in the /oss of
capability of a component to perform its intended safety functions. Multiple failures from
a single occurrence are considered to be a single failure. Fluid and electric systems are
considered to be designed against an assumad single failure if neither (1) single failure of

any active component (assuming passive components function properly) nor (2) a single
failure of a passive component (assuming active components function properly) results in a

loss of the capability of the system to perform its safety functions. ”

In addition to the requirements found in the US Code of Federal Regulations 10 CFR Part

50, othar US regulatory requirements are provided separately to address specific USNRC
safaty concerns. Dapending on the safety issue involved, thase deterministic requirements
may be more limiting than tha single failure criterion. For exampla, station blackout

caused by a loss of of fsita power is a result of multiple failures. The System 80+ is

designad to meet the more limiting regulations in order to obtain US design certification.

(2) Internal HazardS

Potential hazards originating from within the station site boundary are considered in tha
plant design. This includes, but is not limited to, fires, explosions, disruptive failure of
prassure parts or rotating machinery, flooding, releases of potentially damaging

substances, dropped loads and failure of static structures.

(3) External Hazards

Potential hazards originating from outside the station sita boundary ara considered in the

plant design. 10 CFR Part 50 Appendix A, General Design Criteria, GDC 2, requires that

structures, systams and components important to safety be designed to withstand tha
effects of natural phenomana without loss of capability to perform their safety functions.
This includes, but is not limited to, earthquakes, tornadoas, hurricanes and other extreme

winds, flooding from tsunami and seiche, extreme ambient temperaturea, precipitation, and
lightning. Man-made hazards, such as aircraft and other transportation, and proximate

military and industrial installations, and requirements for their treatment in nuclear plant

design are also covered by USNRC regulations, notably NUREG-0800, “Standard Review

Plan for the Review of Safaty Analysis Raports for Nuclaar Power Plants - LWR Edition”.
The System 80+ pIant is designed to be in compliance with applicable US regulations.

Plant design features must be analyzad with respect to impact of hazard avents. In

conducting such an analysis of any hazard event, damaga to safety ralatad systems,
structures and components is considered; failure of non-essential buildings and structural
is also factorad into the hazard analysis. Fires or missiles which may result from the

hazard event are considered in assassing tha dagree of protection and separation required

for essential plant features. The plant is designed such that, in the event of any of the

specifiad hazards, safe shutdown of the reactor can be achieved.
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c. Svste m8 O + Desian Aaainst Hazards

The System 80+ plant is designed to meet or exceed applicable USNRC regulatory

requirements, msking it eligible for Design Certification in the US. US nuclear industry

operating experience and owner-operator preferences for advanced plant design have been
factored into the Systam 80+ m design. Thus, the overall design approach for protection

against hazard events is e result of the integration of these regulations, experiences and

good engineering practice.

(1) Plant Arrangement

The System 80+ m plant has been arranged to provide flood protection for safety-related

structures, syatema, and components, to provide fire protection in compliance with US
regulations, and to prevent adverse system interactions from water intrusion, flooding,

seismic events, pipe rupture, and missile generation. To provide supporting documentation
for the information contained in CESSAR-DC, numerous studies have been conducted to

analyze and/or define specific plant design features. Of special interest in relation to
design against hazards are the “System 80+ m Flood Protection Assessment”, the “System

80+ m Fire Hazards Assessment”, the “System 80+ m Distribution Systems Design Guide”,
and the “System 80+ ‘“ Development of General Arrangements” documents.

The first-line protection from the effects of hazard evants for safety-related structures,

systems, and components is provided by the overall plant arrangement philosophy. The
System 80+ m plant employs the use of divisional and building quadrant separation for the

purposes of flood, fire, and missile hazards protection. A barrier is provided between
divisions of safety-related equipment located in the reactor building and nuclear annex.
Mechanical and electrical systems/components of one division are completely separated

from the other division by this barriar. The reactor building subsphere is further divided
into quadrants, which aids in internal flooding control. The divisional and quadrant walls

also function as three hour fire-barriers, and serve to prevent interdivisional

systemlcomponent interaction due to seismic movements, pipe whip, or jet impingement.

The “System 80+ m Distribution Systems Design Guide” has been created as a

specification of appropriate guidelines for piping, HVAC duct, and electrical cable routing.
This design guide also contains design and analysis requirements which will maintain the

arrangement philosophy of divisional separation to prevent edverse structure, system and

component interactions. Applicable portions of this design guide are included as Design
Acceptance Criteria in the Inspection, Test, Analysis Acceptance Critaria (ITAAC)

documants prepared by ABB-CE in conjunction with the US nuclear plant Design

Certification licensing process. ITAAC documents are US regulatory commitments that the
plant will be constructed as certified; they provide minimum acceptance criteria for
startup.

(2) Flood Protect ion

Flood protection measures are designed in accordance with USNRC Regulatory Guide

1.102, “Flood Protection for Nuclear Power Plants. ” TO ensure that safe shutdown

capabilities are not compromised, elimination or minimization of potential sourcas of

flooding within safety-related areas of the plant is used extensively as a means of flood
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protection. Interdivisionai flooding from internal sources is praventad by the divisional

barrier described above; flooding potential is diminished by loceting major weter system
components outside the Nuclear Annex and by reducing the lengths of high energy and
moderete energy pipe runs. Flood barriers are provided in the reactor building subsphere to

protect the electrical equipment from any flooding which might occur in the mechanical

equipment areas. Flood barriers are provided between quadrants within a division.

Effective use of sumps and sump pumps, and curbing around aquipment is mede

throughout the plant.

Drainage systems, suitabla for collecting water reaching the site from any sourca, are

provided to prevent any advarse effect on plant safety systems. Analysis of site flooding
hazards includas water from rainfall, flood defense leakage, overtopping of flood defenses

by waves, and spray; reasonable simultaneous ingress of water from these sources is
considered.

Protection from externel flooding is provided by elavated building entrancas. Sacondary

flooding sources located in the Turbine Building are confined to that building; entrances

from tha Turbine Building to the Nuclear Annex are elevated sufficiently to allow 30
minutes before operator action is required to isolate a break in the Condenser Circulating

Water system before the water level from the Turbine Building Flood reaches tha Nuclear
Annex entrance. The control complex is protected from flooding in that no water lines are
routed above or through the control room or computer room. Water lines routed to HVAC

air handling units around the control room ara contained in rooms with curbs which
preclude the potential for water leakage from entering the control room or computer room.

(3) Fire Protect ion

The System 80+ plant is designed in accordance with NUREG 0800, Standard Review

Plan, Section 9.5.1, “Fire Protection Program”, and BTP CMEB 9.5-1, “Guidelines for Fire
Protection for Nuclear Power Plants. ” The System 80+ m fire protection design ensures:

. compliance with US regulatory requirements
● an acceptable level of reactor safety
● protection of plant personnal
● protection of capital investment

To minimize the adverse effects of fires on plent structures, systems, and components
important to safety, appropriately sized fire fighting and fire detection systems are includad

in the System 80+ design. Fire fighting systems are designed such that inadvertent

operation or rupture of system piping will not significantly impair the capability of safety
related structures, systems, or components.

The plant is divided into fire zones to facilitate fire control. Structural barriers in addition

to those usad for flood protection are used as appropriate to isolate end contain fires
withh these defined fire zones. It is assumad that a fire may occur within any zone

wherein combustible substances ere located or transported. Other than fire fighting

equipment, all essential plant components in a particular fire zone are assumed to ba
incapacitated by the occurrence of a fire in that zone. Effects on passiva components

located within the area also ara considered.
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(4) Missile Prote ction

Possible consequences of feilure of a pressure component are considered, including

axternel thermal demage, overpressure and impulse loadings, jets, pipe whip, pressure and
rarefaction weves and missiles. Measures are taken to minimize the potential for damage

to safety related structures, systems, and components due to failure of any pressure
componant to the axtent practicable. Pressure parts whose failure could be of

consequence are located such that they are not exposed to the risk of impact loads;
where this is not possible they are protected by missile shields or othar berriers. It is

assumed that sudden failure of a pressure barrier is credible, unless adaquate justification

of incredibility can be providad. Mechanisms of suddan failure, including fast fractura, fire,

dropped loads, and sabotage, must be addressed in any demonstration of incredibility.

Similarly, it is assumed thet any load that is lifted or transported, inclusive of the lifting
and transporting equipmant, may ba inadvertently dropped or may cause impact damage,

unless it can ba damonstratad that the probability of such an occurrence is sufficiently low

that it can be ignored. Such demonstration must show that mechanisms of sudden failure

(including fire and fast fracture) can be excluded, and that adequate redundancy and/or
inspection or early detection of incipiant failure of the lifting/ transporting system is

provided.

Devicas such as mechanical and electrical turbine overspeed trips are providad wherever

necessary to prevent the overspeeding of rotating machinery whose disruptive failure could

cause a safety hazard. Alarms, such as excessive vibration alarms, are used to warn plant

operators of incipient failures whare possible. Safety related plant features are sited such
that they are not subject to disintegration of adjacent rotating machinery, or are provided
with missile barriers of adequata integrity. The likely size, velocity, and trajectory of

potential missiles are estimatad; the ovarall site layout is arranged such that safety related

equipment and combustibles are not located within the path of turbine-generated missiles

(turbine missile zone).

(5) Prote ction from Hazardous Mate rials

Adequete protection is provided against leakage, failure, explosion, missile or fire which

could occur as a result of an incident involving hazardous materials generation or storage.

US regulations concerning and Iistinga of hazardous materials are located in 10 CFR Part
40 and in 40 CFR 116. In the course of plant design for compliance with those portions

dealing with protection from hazardous materials, particular attention is given to:

● protection of the plant end personnal

. separation and isolation of hazardous substances from one anothar and from

the nuclear plant

● the necessity for storage in bulk

. reasonable limitation of the size of bulk storaga

● the provision of monitoring and alarm equipment
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● the provision of expropriate countermeasures for usa in emergencies

● inspection, testing, and maintenance of each part of the plant containing

hazardous substances

(6) Seismic Desian Consid erationS

Two classifications of earthquake excitation are used for plant design reference: the Safe

Shutdown Earthquake (SSE) and the Oparating Basis Earthquake (OBE). The plant is

designed to withstand the effects of ground motions corresponding to the SSE. Reactor
design is such that it can be safely shut down and coolad following SSE-level ground
motions without causing an unacceptable releasa of radiation. The plant is dasigned to

ensure the safety of the reactor, fuel storage and radioactive waste storage in the event of
rapaated OBE-lavel ground motions. Safety features are designad for a minimum of five

(5) OBE events. For purposes of analysis end design, the SSE and the OBE are each
assumed to occur concurrently with the most adversa normal plant operating conditions.
Possible common mode effects are considered. Analysis of effects of a seismic event on a
plant featura includes the subsequent analysis of effects of failure of that specific faature

on any other plant feeture which is important to safaty.

(7) Qther Desian Considerations

The effects of abnormal wind loading on safety-relatad structures are assessed and, where

appropriate, the structures are designed to withstand the effects of abnormal wind to
praclude an unacceptable radiological hazard. Abnormal wind loadings are assumed to

occur simultaneously with other adverse meteorological conditions, such as accumulated
ica daposits on surfaces, high rainfall, and/or heavy snowfall.

Tha most probabla affact on plant operations from lightning is tha loss of off-site power,

caused by a strike in the switchyard. These occurrences are accountad for in plant safety
relatad systems design through provisions for loss of of fsita powar. Offsita power supply
and its interface with the onsite powar system ere designad in accordance with IEEE

Standard 765-1983. The switchyard design minimizas the probability of a single

equipment failure causing the simultaneous loss of both preferred power supply circuits.

The Systam 80+ plant is designed for full-powar operation and for safa shutdown within

the range of ambient air temperatures and water temperatures specified in the design

bases.

Projected and plannad davalopment around the nuclaar site is considered in plant design.
Possible impacts to plant safety due to any incident in an installation, means of transport,

or pipeline outsida the nuclear site are analyzad in compliance with requirements sat forth
in NUREG 0800 Section 2.2.1 -2.2.2 and the plant is designed accordingly.

(8) Probabilistic Risk Assessment

Tha PRA evaluation of plant hazards consists of three staps: identification, categorization,

and analyses. Events which may occur for a given site and plant are identified. This
identification process is exhaustive and not constrained by limitations on tha siza or
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intensity of the events, which permits inclusion of design basis hezards as well as beyond
design basis hazards. Each identified hazard isthenappropriately categorized as internal

or external, and if axternal then further classed as man-made or naturally occurring. The
identified hazard list is reduced by combining events with similar consequences and plant

effects for analysis purposes (e.g., hurricane winds have similar plant effects as do

tornado winds and thus would be grouped together). The resultant final list of hazard

events is included in the plant Probabilistic Risk Assessment (PRA).

On a generic basis for principal sites in the US, ABB-CE has completed the identification

and categorization of hazards for the System 80+ design. This was performed in
conjunction with the US Department of Energy’s Advanced Reactor Severe Accident

Program (ARSAP).

d. Bevo nd Plant Caoab ilitv Faults

These events ara beyond the design basis for System 80+ although in many cases the

fault may be able to be handled or its effect minimized by taking advantage of System

80+ plant features.

Examplea of initiating events that are beyond the plant’s capabilities include:

. Rupture of the reactor vessel.

. Rupture of a main steamline in the annulus between the primary containment

sphere and the secondary shield building.

. Due to assumptions of “leak before break”, certain double ended pipe breaks

are considered to be incredible with regard to the need for pipe whip restraints.

a. Role of the Ogerator$

The licensed control room operator plays a key role in the prevention of faults. This is

accomplished through a claar definition of the operator’s role in monitoring and controlling

the plant during both normal and emergency situations. The crew size, use of operating
procedures, and operator error are also important considerations. Overview of design and

operational philosophy is necessary here.

(1) Tha role of ooerato rs in the DIant and the co ntrol room.

All coritrol room actions pertinent to plant monitoring and control are to be takan only by
duly Iicensad individuals. Control tasks are limited to the control room operators

themselves, whila monitoring tasks may also be performed by the other licensed
individuals, namely tha Shift Technical Advisor, Control Room Supervisor, and Shift

Supervisor. Other individuals may monitor plant status but not as part of plant operationa

scenarios.

Actions outside tha control room are not performed by the control room staff (except for
remote shutdown, in the unlikely evant of a control room evacuation). Licensed auxiliary

operators will perform such extra control room monitoring and control activities as are

345-11.wp/cm II-136



PU CONSUMPTION IN ALWRS

AL IB 11 TECHNICAL DESCRIPTION

pwgg

necessery for normal operetion of the plant. In the event of an emergency, ell necessary

monitoring and control activities can ba performed in the main control room. The role of

the operators in relation to the balance of tha plant is one of communication and co-
ordination. Such activities are considered in the human factors of the design process

through the establishment of human factors standards and guidalinas for the plant, control
room layout, and the allocation of nacessary and sufficient control and monitoring

capability in the main control room.

(2) The aooroach to staffing.

Three basic staffing issuas were considered in the design of the Nuplex 80+ Advanced

Control Comcdex:

● tha complex should be able to accommodate various craw sizas based on the
owner/oparator’s preference and operating philosophy

. thecomplax should meet thestaffing goals set forth in Chapter 10ofthe EPRl
ALWR Utilities Requirement Document

● thecompiax should accommodate crew sizes as required by pertinent
regulatory agencies

The Nuplax 80+ control complex meats all of these considerations in its design. Craw

sizes of one, three and six are considered faasibie. Task analysis has been performed on

thelimiting craw size (one) toassure that the task loading ontha operator could be
adequately handled from hot standby to full powar operations, and immediately post trip.
This one peraoncrew is part of the EPRl requirements and doas not necessarily reflecttha

actual craw size which would be present in the control complax and would operate the

plant during start-up, shutdown, oremergancy operations. Rather, itreflectsa goal of

one person staffing in the immediate controlling workspace, specifically at the main control

console in the main control room.

Task analysis and subsequent availability and suitability verifications show that tha control

complex isadequata for all operations with a variety of crew sizes. In addition, many
features of the Nuplex 80+ complex aredasigned to facilitate flexible crew sizes. Some

of thasa ara enumerated below:

The use of CRTdisplays allows full plant monitoring to bedona from any CRT. Hanca,
individuals at any control panal, the control room supervisor’s conaola, or in the shift

supervisor’s office can monitor the plant. This, combined with tha control room floor plan,
allows for effective communications batwean operators and for crew mambarsto perform

complementary functions without getting in each other’s way.

Inshort, theapproach to staffing has been todasign a control room which allows

flexibility while meating requirements. Theassumptions and faaturea dasignedtoaupport

staffing are verified and validated using accepted human factors engineering techniques
such as task analysis, function analysis, availability and suitability verification, the use of
mock-ups, review by human factors professionals, and the participation of experienced
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operators in the design process. Final validation will be accomplished at an integrated test

facility, using dynamic simulation.

[3) The role of oDerators in monitorirm the status of riant durino ooe ration

Operator monitoring of plant status has been addressad in datail during the design of the
Systam 80+ plant. Due to the evolutionary nature of tha plant systems, function

allocation (the decision of whather to assign monitoring tasks to tha operator or to

automate them) was not changed significantly from that employed at existing System 80
plants. Based on operating experience, function allocation was changad only in those
araas which were identified as problems. Henca, the monitoring tasks assigned to the

operator in the Nuplex 80+ control room ramain approximately the same as at

conventional plants.

Characteristics and requirements on information for the operators ware identified as part of

the function and task analysis process. The suitability of this information was later
chacked during a verification analysis. in short, the dasign process employed during the

development of the Nuplex 80+ control complex assured that the operators had all

necessary and sufficient information to perform their assignad monitoring tasks and that
information was presentad in a suitabla format.

Tha evolutionary technology used for information presentation in the Nuplex 80+ control

complax was employed such that operators would be able to ratain the best featuras of

conventional oparating plants, such as spatial dedication, analog trend formats, etc. while
achieving a workload reduction and receiving information in highly salient groupings

appropriate to plant condition. The use of software backed display devices and a large
screen display made this possibla.

In short, operator monitoring tasks were analyzed using accepted human factors practices

supplemented by operating experience. Appropriate information for monitoring was then

selected for the main control room. This information was then formatted such that it

appeared in highly useable states, at appropriate locations.

(4) 9oe ratino rules and Lwoced ures durina normal ogeratio~.

The System 80+ Technical Specifications Operating Rules provide the limiting conditions
for operations (LCO’S) consistent with the design basas (safety analyses) for the plant.
The Technical Specifications reflect the restructuring effort in the US intended to clarify

and simplify the operating requirements for the operator. The Technical Specifications also
specify the actions to be taken when an LCO is not met and the surveillance necessary to

demonstrate operability of raquired systams and components. The Technical

Specifications specifically address shutdown operations, which is a component of the

ovarall risk of plant operations. Of spatial interest are tha operating rules that address
shutdown operations with a reduced water level in the reactor vessel (also called mid-loop
operation). The System 80+ Technical Specifications are improved with regard to

understandability and consistency as compared to those now presently used by US

operating plants.
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Operating procedures for normal oparation are consistent with the raquiraments of the
Technical Specifications and provide direction to oparata the plant consistent with the

intant of tha plant dasignar. Oparating procedural covar all aspacts of acceptable plant

evolutions. The procedures are verifiad and validated through their use on tha plant
simulator and during plant startup.

Abnormal operating procaduras provida direction to raspond to and racover from non-

accident, but not normal operations. Conditions requiring response with abnormal

operating procaduras include equipmant failuras or malfunctions that do not pose an
immediate thraat to plant safaty.

Postulated accidant conditions are respondad to through Emergency Operating Procedures

(EOPS). Tha EOPS provide the instructions and directions to diagnose tha causa of tha
eccident and to select tha corract pathway to bring the plant to a safe condition. For
severe accident conditions, the EOPS provide directions and guidance to bring and maintain

the plant in a condition that minimizes the potantiai hazards to tha plant staff and tha

public.

Tha structure and content of the Technical Specifications and operating procedures raflect

the improved safaty featuras of the System 80+ plant and tha advancas in man-machine
interfaces and computer systams incorporated into the Nuplex 80+ Advanced Control
Complex.

Concentration has been placad on developing a control room design which supports

operating procedures. The large screen display indicatas amargancy operating procaduras
which ara appropriate to a given plant situation. The layout and organization of control

and indicators has bean dona to support station operation. This has baan achiavad

through the use of existing operating guidelines during task analysis.

Further, the continual presenca of axpariancad oparators on tha Nuplex 80+ Human
System Interfaca design team has aidad in tha development of a control room which
supports operating practice and Technical Specifications.

5. One rator error

Oparator arror is primarily assessed in the design through tha use of Probabilistic Risk
Assessment and Human Reliability Analysis to evaluata operational features. The actual

reduction of the probability of human error is tha ultimate design goal of human factors

anginearing. Many techniques are used to achieve these reductions. The main ones ara
describad briefly balow.

Levals of human arror are fraquantly small in powar plant oparation, and hence, difficult to
maasura. Tha approach which has bean takan in tha dasign of tha Nuplax 80+ complex

has baen to incorporate Iassons Iearnad based on human errors committad in tha ovarall

industry and to employ sound ergonomic design practice as an integrated part of the

design procasa. This application of human factors engineering good practice throughout
tha design procass has as its outcoma, a human-systam intarfaca with e very low
probability of human error, despite tha difficulty in actually assassing such arror ratas.
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The principal empirical method of reducing human error hes been the continuous presence

of experienced human factors engineers and operators on the design team. Through full

participation in tha dasign process, these individuals have actually had tha lead in man-
machine intarface design. In portions of the dasign where thay have not providad the lead,

they have reviewad the design feature to assura sound ergonomics.

Tha next empirical method for raducing the probability of human arror in the operation of
tha Nuplax 80+ control complax has baan the development of comprehensive human
factors standards end guidelines. Based on the very best human factors references, es
well as utility and industry guidance and regulatory documents, they provida an axhaustiva

compendium of correct dasign practica, in ordar to reduce the probability of human arror.

They ara complete, unambiguous, and covar a much wider scope than just normal control
room operations or ‘knobs and dials’. For instance, maintenance issues, software

concerns, and balance-of-facility man-machine interface are also addressed.

in summary, human error for the System 80+ design is assessed via PRA, HRA and RAMI.
The design has been daveloped through the usa of human factors engineering techniques,
both formal analyses and empirical practice, which have been employad to reduce tha
probability of oparator error.

f. Ffole of Human Factors

Human interactions with the plant ara assessed in two basic categories: quantitative and

qualitative. Quantitative assessments are made by tha Probabilistic Risk Assessment. To

a Iessar extent, tha Function and Task Analyses employed during tha process for the
Nuplax 80+ design quantify human interactions with tha plant in that they placa numeric
values on reaction tima and provide a gross assessment of workload.

To a far greatar extant, human interactions with the plant are assessed qualitatively,

through a datermination of adequate operator performance under the full range of possible
plant oparating scenarios. This assessment is carried out throughout tha design procass.
The assessment begins with tha establishment of a practical and sound human factors

enginaaring program for tha design. This program is dascribed in tha System 80+ Human
Factors Program Plan. By following this program, the plant design team angages in a set

of praspecified evaluations and analysea which ere abla to qualitatively determina the

adaquacy of human-plant interactions.

Tha term “human-plant interactions” is essentially synonymous with Human-System

Interfaca or Man-Machine Intarface. Therafore, the qualitative assessment of tha human-

plant interactions is essentially the assessment of the adequacy of the man-machine

intarfaca. The System 80+ reviaw criteria for the design process and dasign products of

tha man-machine intarface provida an objactiva and testable set of requirements which
must be mat to assura good human factors in the design of the main control room and
othar operating stations. As such, thase raview critaria provida the ultimata vahicla for

assessing the human-plant interactions. By following design process and product
requirements outlined in critaria for the dasign of tha main control room and othar

operating stations, the dasign team assuras that the human will not be placed in error-
Iikely situations during his interactions with the plant.
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Several alements must be met to sssess whether the design process will result in a design

which includes good human-plent interactions. The first of these is good Human Factors

Engineering Progrem Management. This includes not only the aforementioned program

plan but also a design team structured and qualified to implement good ergonomics and a

method of tracking human factors open issues.

The next element is the incorporation of industry experience. As notad in the previous
section, arrors of commission and omission are so infrequent in raalistic simulation of

nuclear power plant oparation that thara is an insufficient data basa to objectively assess

error types and to nota all human engineering deficiencies. By incorporating wider industry

experience into the Systam 80+ dasign, known human-plant interaction problems can be
ractifiad. The use of the industry data basa also allows a wider experianca than that

normally available to the design team to ba accessed.

To qualitatively assess human-plant interactions, a number of formal human factors
analyses and evaluations must ba included in the design process. Thasa include Evaluation

and Allocation of Systam Functions, Task Analyses, Availability Verification, Suitability
Verification, and Validation of Ensembla. These evaluations span tha design process from

the more conceptual stages to the final simulations. Throughout these analyses, emphasis
has been placad on oparating experience and building on safe existing designs. Tha

purpose of thesa analyses is to assure that the man-machine interface is necessary and

sufficient. That is, the oparator must have information and control sufficient to operate
the plant safaly and efficiently undar various plant conditions, but not be overburdened
with unnecessary data and controls.

The final element in an adequacy assessment of the human-plant intaractiona, is the

assessment of tha man-machine intarfaca design itsalf. To a graat extent, the qualitative
and quantitative assessments of the process assures an adequate human-plant interface.

An assessment of the design product is performed by assuring adherence to an objective

set of unambiguous criteria for various hardware and softwara portions of the overall
design. These criteria have been devaloped for ell aspects of the System 80+ human-plant
intarfaca. They includa, for axample, critaria for alarms, oparator aids, parameter
indications, integrated displays, discreta component control and indication, modulating

component control and indication, special controls, and control room monitoring and

control function location. Furthar criteria are providad for control room configuration,
individual control panels, work space and environment, print and text format, local control

panels, and maintainability.

Thesa criteria are founded on tha Systam 80+ Human Factors Standards and Guidelines.

The Standards and Guidalinea, which ara disseminated to all applicable design team
membars, represent a prescriptive set of guidanca to be adhered to in order to assura the

adequacy of tha man-machine intarface. The guidance and standards provided therein is a

distillation of industry and regulatory refarence materials and basic human factors
references. Design practice and requirements to be followed for System 80+ design are

explained and referenced to thair sourca documents through tha inclusion of basas

material. The Standards and Guidelines ara the yardstick against which the design is
measured by the Design Product Requirements usad for assessment of the human-plant
interactions.
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In summary, the design follows human factors good practice based on a systematic

application of ergonomics throughout the design process. Human fectors are also appliad

comprehensively to the design product. The adequacy of the process and the resulting
design ere quantitatively assessed through the application of PRA and HRA. The

qualitative assessment of human interactions with the plant occurs through the use of
review criteria to assess whether the design process and product are adequate from a

human factors viewpoint.

9. Soec ial Desian Provisions

(1) Interlocks: mechanical, electrical or administrative wovisionS

Interlocks for fluid, mechanical and electrical systems in the System 80+ design are

discussed below. Administrative provisions are addressed.

(a) Shutdown Cooling System (SCS) suction line valve interlocks and Sefety Injection
Tank (SIT) isolation valve interlocks are provided in the design.

Tha interlocks on the SCS and on the SIT are designed to act as parmissives. The SCS

suction line valve interlocks permit the isolation valves to be opened below a certain
pressure and automatically closes tham above a cartain pressure. The SIT isolation valve
interlocks ara designed to permit the operator to isolata the SITS et low pressure thereby
allowing the SITS to be maintained at a givan prassure when the balance of the RCS is
daprassurized.

(b)

(c)

(d)

(e)

In the reactor coolant system, since thera ara no reactor coolant loop isolation

valves, there will always be some induced flow in an idle loop. There is, therefore,

no need for a cold water interlock.

In tha refueling mechanical equipmant, the refueling electrical interlocks prevent
impropar refueling machine movement and movement of heavy loads over vulnerable
equipment.

For electrical equipment in the Reactor Protective and Engineered Safety Features

Actuation Systems, interlocks are provided to ensure RPS and ESFAS availability for

fault mitigation. They include: Bistable Trip Channel Bypass Interlock, Manual

Bistable Test Interlock, Initiation Circuit Test Intarlock, Nuclear Instrumentation Test
Interlock, and Trip Logic Calculator Test Interlock.

Administrative Provisions

Administrative provisions provide a means of ansuring that operation, maintenance, and

pariodic testing is conducted in accordance with the design bases. Various requirements
are intended to be controlled by tha plant’a administrative procedures rather than the more

formal prescriptive Technical Specifications. The administrative controls generally apply to

manually operated or actuated systems whera the controls are intended to ensure changes

are not inadvertently made. These include tagging and physically locking valves and
bypasses, heving key control to areas where the equipment is located, among othars. Use

of administrative controls rather than inclusion in Technical Specifications provides the
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plant oparator graater flexibility in epplying the controls without compromising plant

safety.

(2) Facilities for monitoring durina 00 eration

The Discrete Indication and Alarm System (DIAS) Channel N and Data Processing System

(DPS) include alarms for a limited number of operational occurrences for which no specific

automated actuation of a safety system is required. Both of these systems provide alarm
checking, but DIAS Channel N activates Priority 1 alarm tiles for both systems.

Alarms are provided for Reactor Coolant Pump, Cooling Water Supply Monitoring and
Safety injection Tank Pressure.

(3)

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)

Other de sian rxovisions to reduce fault freauency or to ensure availability of

Safeaua rds features

Reactor Power Cutback System (RPCS) allows reactor to remain operational

following Loss of Load and Loss of Feedwatar Pump events.

Steam Bypass Capacity that matches steam bypass requirements to RPCS
capabilities.

Staam and Feedwater Flow venturi to limit secondary coolant losses for applicable

events.

Reactor Power Shape Monitors to assist operators with axial xenon control during
reactor power changes (load maneuvers).

Reactor Level Monitoring Instrumentation for enhancing safe operations during mid-

Ioop draindowns for steam generator and reactor coolant pump maintenance.

Fast transient deta recording for post-trip root cause analysis to avoid subsequent

trips and downtimes.

The reactor vessel is fabricated using ring forgings with material specifications that
result in a sixty year end-of-life RTNOTwhich is well below tha current US NRC

screaning criteria. Use of such forgings reduces the number of welds and eliminates
concern for pressurized thermal shock.

The pressurizer volume is increesed, which improves transient response.

The steam generators use Inconel 690 tubes, have improved steam dryars, and

incorporate a ten parcent margin for future potential tube plugging. There is a large
feedwater inventory to extend “boil-dry” time, and other design modifications
increase accass and facilitate maintenance.

The Chemical and Volume Control System (CVCS) has baen redesigned as a non-

safety related system, and has thereby been simplified and improv~d.
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(k)

(1)

(m)

(n)

(0)

(p)

The Sefety Injection System is simple end relieble. It contsins four treins for
injection, direct-to-vessel connections, end en in-containment refueling weter storege

tank, which eliminates the nead to switch supply from the external Refueling Water
Storage Tank to the containment sump, which are now integrated.

A Safety Depressurization System provides the capability to repressurize the Reactor

Coolant System rapidly so that primary system feed-and bleed can be used to
remove decay heat following a total loss of feedwater event. Discharge ia routed to

the in-containment refueling water storage tank, not to containment volume, which
prevents contamination of tha containment due to system activation.

A dedicated Emargency Feedwater Systam with a cavitating vanturi (to limit feed
flow to a steem generator with a ruptured faad or staam line) is indapendant of the

main fead system. This systam eliminates the need for automatic isolation of faed
flow to a disabled steam ganarator.

Tha Shutdown Cooling Systam ia designed to a 900 psig design pressure, to provide
greater flexibility of oparation, and has been further modified to increase system
reliability.

The Advanced Control Complex (N UPLEX 80+) incorporates state-of-the-art

advances, including distributed digital processing and remote multiplexing, fiber optic

data communications, and touch-sensitive video displays. NUPLEX 80+ also
faatures an anhancad man-machine interfaca, including a Iarga wall-mountad color

graphic display which is called the Integrated Process Status Overviaw (IPSO) panal,
elactroluminascent displaye, and dedicatad indicators which raplaca analog devices

on aach panel.

Salf-testing features have bean dasignad into the plant instrumantation and control

systams utilizing the Iatast in continuous on-line computer-aidad circuitry and

diagnostics. This simplifies oparation end reduces operations and maintenance
efforts, with resulting cost savings and enhanced safety.

Station documentation provided by the designer also has a safety rola. The documentation
scope includas tha spectrum of activities from construction through commissioning to

normal operations. Operational guidance and procedural guidanca is provided by the

designer for the plant owner to devalop plant spacific procedural. Includad ara procedures

derived from amargency procedures guidelines for the operator to follow during abnormal
operations.

h. Analysis

(1) !-e vel and Tvoe of Analvsis

Two types of analyses have been performed - the traditional deterministic safety analysis

required by tha USNRC aa tha basis for Iicansing and a Laval 1 Probabilistic Risk

Assessment (PRA), also required by the USNRC and used to assess tha potential for

savere accidents with significant consequences to the public. The fault schedule for the

deterministic analyses is prescribed by the USNRC. It is based upon the evolution of LWR

345-11.wp/cm II-144



PU CONSUMPTION IN ALWRS

AL It IQ
g~g~gg

TECHNICAL DESCRIPTION

design and licensing axperienca. Evants ara grouped into seven categories and three

coarse frequancy groups for moderata, infrequent and limiting faults. Typically, tha most
limiting events ara salected for analyses that yield tha most adversa consaquancas for

aach category and group. The methods and computer codas employed in the analyses
hava bean approvad by tha USNRC. Results of thasa analysea ara comparad to

acceptance critaria to demonstrate tha safety of tha plant and to establish its

Iicansaability.

The PRA fault tree schedula is darived from ganaral cora damsge initiator, again basad on

prior LWR dasign axperienca. Evant tress are devaloped that all result in core damaga.
Thasa ara collapsad into a tractabla set for which fault trea analysas yiald avent sequanca

probabilities. Tha PRA fault schedule and fraquancies complement tha deterministic
analyses. Thay serva to maasure affactiveness of plant dasign evolutions and thay sarva

to confirm tha adequacy of tha deterministic fault schadula.

Quantitative frequencies for evants on tha deterministic fault schedula are estimatad with

tha mathods and rasults from tha PRA. The differanca batwaan the two schedulas is that

avants on tha deterministic fault schedula are boundad by a set of prescribed assumptions
for which tha plant safety faatures ara shown to yield acceptable consequences, whareas

avents on tha PRA schedula ara daiibarataly axtandad bayond the plant dasign basis by
assumptions of systam, component or structural failures until cora damaga is achieved.

Frequancias raported for tha PRA avent saquences ara tharafore generally lower than
fraquanciea of avants on tha datarministic fault schedula.

(2) Safetv Sta ndards

Safaty standards include mechanical standards on fual rod and plant integrity for which
violation may represent precursors to radioactive raleasa and radiological dose standards

applicable to Plant parsonnai and the public. Physical standards ara givan in Table II-J-1.
They ara limits on the fuel rod cladding to prevent release of radioactive fission products

from fual rods, limits on tha primary and sacondary coolant prassura boundarias to pravant
release of radioactive coolant and limits on containment temperature and prassure

aquivalant to the dasign values, which for the containment are for faultad conditions.

A LOCA evant is by definition a braach of tha primary coolant prassura boundary, so a

saparate set of acceptance criteria are spacified and ara summarized in Table II-J-2.
Satisfaction of the LOCA acceptance criteria assures maintenance of a coolable cora
gaometry and limits tha potential for containment failure by ignition of evant generated
hydrogen gas.

Safety standards for radiological dose includa limits during normal operation and faultad

conditions. Tabla II-J-3 summarizes tha doss assassmant Iavals that ara comparad with

calculated dosas for faulted conditions.

(3) Analvsis Methods

Tha analysis methods amployed in assassing tha safaty of the System 80+ dasign have

baen devalopad by ABE ovar a number of yaars. They hava been appliad to fifteen

operating nuclaar plants Iicansad in the US and to four nuclear plants undar construction in
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Korea. Documentation for tha mathods and computer codes employad in the deterministic

safety analyses has been submitted to the USNRC and the methods are approved for
nuclaar licensing in tha US.

Validation of methods and codas is performed by comparisons with a variety of tests.

Rasults from the NSSS transiant and parformanca code, CESEC Ill, amployed for the non-

LOCA transient analyses, were comparad with actual plant performance during power

ascension tasting, including coastdown tests and matarial convection cooling, and ware
also compared with data from abnormal events on operating reactors. In addition, NRC

audits of CESEC includad benchmarking against RELAP by Argonna National Laboratory.

Tha calculation of DNBR is supported by reactor vassal scala flow model tests that yiald

the pressure and flow distributions throughout tha vessal intarnals and core. Pressura

losses ara combinad with the pump characteristics determined from raactor coolant pump

tasts at full temperature, pressura and flow rate to pradict reactor core flow rata. Core

flow distributions from the scala modal tasts and the system flow rata are input boundary

conditions in calculating DNBR with TORC. Tha DNBR correlation is darivad from CHF
testing on haatad rod arrays of the System 80+ dimensions and configuration. The CHF

tasts are evaluated with the same TORC code amployad in the transient analyses.

(4) Safet v Durino Normal Ooe rationS

Radiological doss limits for normal oparation are summarized in Tablas II-II-J-4 and II-J-5.
System BO + faatures that minimiza dosas from normal oparation include material selection

to minimize coolant transport of radioactive material, plant configurations to minimize local
crud depositions and equipment dasign to reduca maintananca times.

(5) Analvsis of Faults

(a) Fault Schedule

Transiant analysas are parformad for the avant sequences takan from the deterministic
fault schedule and given in Table II-J-6. The consequences of the events in the tabla

ancompass tha consequences from all the datarministic events considered. These are
considered the dasign basis events for which the limits in Tables II-J-1 and II-J-2 shall be

satisfiad. In addition, thraa avants are shown in Tabla II-J-6 which are beyond tha dasign

basis. Analyses show that the limits are satisfied for thesa events also.

(b) Fault Seou ence Analvsis

Tha fault sequance for faults on the datarministic schadule is prescribed ao as to assure

that the calculated consequences of the fault initiator are a conservative maasure of the
performance capability of tha plant and safaty systems. Analysas of the datarministic
faults include tha evant initiator, advarse initial conditions, loss of off sita power, worst

single failure, cradit for only safaty grade systams and no oparator action for 30 minutes.

The fault saquenca for avants on the PRA fault schedula may be similar, but assuma

additional failures in ordar to force tha saquence to achieve core damaga. Tha dominant
accident saquances in tha PRA ara summarized in Tabla II-J-7.
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(c) Transient Analysis

Each transient analysis has baan analyzad in datail. Tables of the fault sequances show

tha timing of the eutomatic and manual actions credited to mitigata tha avant and of the

calculated values of pressura and DNBR to compara with the safety standards. Tablas ll-J-
8a through 11-J-8c are samples of the sequence tables that have bean devaloped.

For aach initiating fault, the saquenca tabla provides the following information. The
Raactor Protection System (RPS) paramatar that trips the raactor is stated. Tha tarm,

analysis setpoint, used with the value of the trip parametar, implies that the l@ point usad
in the analysis is conservatively blasad relativa to the nominal Wpoint becausa of

instrument arror, time delay and/or event induced errors. Tha safety equipment that

functions to mitigate the evant is stated. The magnitude of the parameters representing
fual or plant intagrity standards ara shown. Thay include DNBR and tha fraction of failed

rods, primary prassura and sacondary pressure. Comparison with tha limit values in Table

II-J-1 demonstrate tha Systam 80+ dasign margins for the avant. Actuation of the

secondary safety or atmosphere dump valva is particularly important because they are a
radiation ralaasa pathway. For events with significant reiaasa, tha mass of fluid ralaasad is

shown. Finally, most of the events ara essentially concluded by the operator after 1800
sac (30 rein) whan the oparator first takes action, which corractly suggests that quickar

operator action can significantly reduce the severity of these events. The Nuplex 80+
Advanced Control Complax facilitates tha operator’s recognition and mitigating actions in

such circumstances.

(d) Radiological Conseouenc e Anelvsis

Sourcas of radioactivity relaased during the dasign basis events on tha deterministic fault
schadule includa 1 ) radioactivity in the primary coolant initially and from failed fuel, 2)
radioactivity in the sacondary coolant from a leaking or evant-caused braak in a staam

ganerator tube, 3) radioactivity ralaased into the containment atmosphere following a

LOCA and 4) radioactivity in ex-core components.

Tha radiological sourcas comprisa groups of iodina, krypton and xenon isotopes. For each

isotopa and quantity ralaasad, tha doss to tha public is determined at 500m (1 50 ft). Tha
summed doses are prasanted in Tabla II-J-6. Doses are calculated at sight hours, aftar
which the release pathways for non-LOCA avants will hava been isolatad and tha plant put

into a stabla, shutdown mode. Timing of tha avent sequances is evidant in Table II-J-8.

LOCA doses are calculated for Iongar periods because it is assumad that leakage continues

from tha containment atmosphere. The System 80+ filtered containment annulus vant

system substantially raduces the LOCA dose contribution from this pathway. LOCA doses
are givan in Tabla II-J-6 for saven days.

(e) Probab ilistic AnalvseS

A schadule of traditional fault initiators was davelopad from prior PRA avaluations and was

augmentad with specific considerations of the Systam BO + design featuras. Evant traas
were preparad for each initiator to davelop saquencas that would lead to core damaga.

Fault traas established tha quantitative frequencies for each fault sequence. Condensation
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of the sequences resulted in e tractable set of initiators and sequances from which the
totel core damage fraquency was determined.

(f) Freauencv of Off Site Releases e nd Plent Demaoe

The probabilistic analysis yields tha frequency of core damage, although detailed transient

analyses to quantify the core damage have not been performed for the events on the
probabilistic fault schedule since these events are bayond the design basis for tha System

80+ plant. The total core damage frequency for events on the probabilistic fault schedule
is 1.87 x 10“0 (Figure II-J-9). Typical procedures for Level 2 and 3 PRA to be completed at

a later stage would be to combine the Level 1 events according to the characteristics of

tha plant state related to core damage and to continue the PRA to include containment
releeses.

(g) Assess ment Aaainst Dete rministic Sta ndards

The faulta on tha deterministic fault schedule are enalyzad assuming the worst single
failure. Table II-J-1 O lists the failures from which the worst single failure is selected. The
selection ia basad on the enalyst’s axperienca and, whare necessary, multiple analyses for

comparison.

In analyzing the design basis avents on the deterministic fault schedule, no credit is taken

for tha divarsity provided in the safety systems. Credit mey be taken for diverse systems

when analyzing bayond dasign basis events, dapending on the avent and tha intendad use

of the results in the regulatory process.

Diversity exists in the reactor trip function, through the Alternate Protection System (APS)
to opan tha trip breakars. The deterministic Analysis of tha ATWT avent demonstrated

acceptable consequences without crediting the APS.

Diversity exists in the emergency feedwater actuation independent of the ESFAS actuation
portion of tha Plant Protection System. Divaraity axists in tha amargency faedwater

pumps that ara both electrically and steam powered. Deterministic analyses of the total
loss of feedwater evant do not cradit thase diversa features.

Divarsity exists in the Alternata AC combustion turbina driven ganerator. It is divarse from
the two radundant amargancy diesal generator. Credit is taken for the Alternata AC
during Station Black Out (SBO). The USNRC definas the SBO evant to include loss of all

off site and redundant amergancy (two diesal generators) on site electrical power. The

diverse Alternate AC power is assumed to be available.

(3) co nclusion

The Systam 80+ design benafits from the avolution of safaty system development and

safety evaluation for LWR power plants. Equipment and component design is based upon

clear performance objectives and accepted industry standards. Justification of safety

performance is confirmed with matured procedures that combina deterministic and
probabilistic methodologies. Deterministic evaluations damonstrata that System 80+

satisfias the NRC acceptance critaria. Probabilistic evaluations quantify the fraquency of
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events and demonstrate that System 80+ satisfies the safety assessment levels presented

below. Further, the evaluations show that the totel mean core damage frequency from
internal and external events is 1.87 x 10“e per yeer.

The following Fundamental Safety Principles are satisfied by the System 80+ plant

design.

i)

ii)

iii)

iv)

v)

No person shall receive doses of radiation in excess of the statutory dose limits as a

result of normal operation.

The exposure of any person to radiation shall ba kept as low as reasonably

practicable.

The collective effective dose to operators and to the general public as a result of

operation of the nuclear installation shall be kept as low as reasonably practicable.

All reasonably practicable steps shall be taken to prevent accidents.

All reasonably practicable steps shall be taken to minimize the radiological

consequences of any accidant.
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TABLE II-J-1

PLANT AND FUEL ROD INTEGRITY LIMITS

FOR DESIGN BASIS EVENT$

Fault Freauenc v Designation

Moderate and Infrequent Faults 1.

2.

3.

Limiting Faults

Beyond Design Basis Fsults

1.

2.

3.

1.

lntearit v Limits

Coolant pressura boundary stress
Iesa than 11 O“k of ASME design
value.

CE-1 DNBR greater then 1.24.

Containment pressure and

temperature less than design.

Coolant prassure boundary stress
less than 120°% of ASME design
value.

Fual pellet enthalpy less than 280

caligm.

Containment prassure and

temperature less than design.

Coolant pressure boundary stress
less than ASME Level C stress

limits.
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TABLE II-J-2

LOCA ACCEPTANCE CRITERIA

1. Peak clad temperature lass than 1204°C (2200° F),

2. Local clad oxidation less than 17%.

3. Cora wide oxidation over activa fuel cladding length less than 1%.

4. Core geometry shall remain coolable.

5. Core temperature shall be maintained at an acceptably low value and decay

heat shall be removed for the extended period of time required by the long
lived radioactivity remaining in the core.
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TABLE II-J-3

DOS E ASSESSMENT LEVELS FOR FAULTED CO NDITION~

Releasas Giving Rise to an

Dose Individual Whole Total Acceptable

~ Bodv Dose at 500 m, mSv Freouencv Der Y~

1 O.ltol.o ,0-2

2 1 to 10 ,0.3

3 lo to 100 ,0.4

4 100 to (no uppar limit) ,0.5
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TABLE 11-.J4

DOSE LIMITS FOR NORMAL OPERATING CONDITIONS
lFOR OPERATORS)

Assessment
QgJ Porwlation Svstem 80+ - Annual Dose Limit

1 Plant personnel ‘ Whole Body: 10 mSv (1 Rem)

2 Average plant 1 Whole Body: 2 mSv (0.2 Rem)
personnel

3 Collective Plant 20.8 man-mSv/MWe
Personnel (or 100 person-reroll 300 MWe plant)

, Section 12.4, CESSAR-DC.
2 EPRI ALWR Utility Document, Chapter 11 goal.
3 Statutow Iimita of non-stochastic exposure. Compliance ensured by above limits for whole

body and extremities,
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TABLE 1145

DOSE LIMITS FOR NORMAL OPERATING CO NDITIONS
IFOR THE PUBLICI

Assessment ‘ Calculated Dose for

w Povulation Svste m 80 + m Annual DOSQ System 80+
~

4 General Public 1 Whole Body: 10 mSv (0.5 N/A
Rem)

2 Liquid Discharge: Liquid Discharge:

Whole Body: 30 flsv (3.0 Whole Body: 0.011 @.vlyr
mrem ) (1 .f E-03 mrem/v

Organ: 100 /lsv
(10.0 mrem)

z Gaseous Discharges: Gaseous Oiacharges:

Whole Body: 50 //sv (5.0 Whole Body: 2.9 @vlyr
mrem) (0.29 mrem/yr)

Skin: 150 psv

(t5.O mrem)
Organ: 150 psv

(15.0 mrem)

NIA NIA

1 10 CFR 20 limits.
2 10 CFR 50, Appendix 1,
3 Calculated based System 80+ m design parameters using on methodology per Chapter 5, Part

1 of the OTS.
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TABLE II-J-Q

DOSE LIMITS BASED ON FREQUENCY OF

FAULT SEQUENCES FROM DETERMINISTIC FAULT SC HEDULE

Dose Dose Criterion Dose

Event Description ‘3} Band (mSv) (m Sv)[2]

1.) Steamline Break-Full Power 2 1 < dose~10 4.20

2.) Steamlina Braak-Zero Power 1 0.1 < dose~l

+ GIs[l!
0.137

2 1 < dose~10

+ Plsl)

1.24

1 0.1 < doaa~l 0.578

3.) Loss of Condenser Vacuum 2 1 c doses10 2.19

4.) Feedwater Line Break 1 0.1 < dose~l

+ GIS[l]

0.134

2 1 < dose&10

+ Pls(l)
1.24

1 0.1 c dosa~l 0.575

5.) Locked Rotor 2 1 c dose~10 2.40

6.) CEA Ejection 2 1 c dose~10 6.44

7.) Letdown Line Break 1 0.1 < dose~l 0.248
+ GIS1ll 1 0.1 < dose~l
+ Plsll

0.507
2 1 < dose <10 1.83

8.) SGTR W/O LOOP 1 0.1 < dosa~l

+ GIS{l}
0.329

1 0.1 < dosa~l
+ Pls{f)

0.511
1 0.1 < dose~l 0.663

9.) SGTR w/LOOP 1 0.1 < doses 1
+ GIS(l]

0.318
1 0.1 < doaesl 0.468

+ Plsl’1 1 0.1 < dosa<l 0.659

10.) SGTR/LOOP + SF 2 1 < dose~10

+ GIS1ll

1.88

3 10 c dose~100
+ PIS(lI

11.5
2 1 < dose < 10 5.29
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TABLE II-J-5 (Continued)

DOSE LIMITS BASED O N FREQU ENCY OF
FAULT SE(XI ENCES FROM DETERMINISTIC FAULT SC HEDULE

Dose

Event Description I’) Band

14.) Total Loss of Feedwater + PIS(ll 2

Dose Criterion I Dose II
(mSv) ] (m Sv)i2]

n

(11 GIS - Dose includes event ganeratad iodine spike
PIS - Dose includes pre-existing iodine spike

(2I All doses are takan at 8 hours, unless noted

(3I Events 1 through 11 are design basis evants.

Events 12 through 14 ara beyond dasign basis events.
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TABLE II-J-7

co RE DAMAGE FREQU ENCY CO NTRIBUTIONS FOR DOMINANT ACCIDENT SEQU ENCES

BY INITIATING INTERNAL EVENT

SEQUENCE

(ATWS)(Adverse MTC)

(LOOP) (Fail to Reseat PSV [PSV

LOCA])(lnjaction Fails)

(Madium LOCAl /2)(lnjection
Fails) (Containment Spray [CS] OK)

(SGTR)(lnjection Fails) (Aggressive

Sacondary Cooldown Fails)

(SLOCA)(lnjection Fails) (Aggressive

Secondary Cooldown Fails)

(Large LOCA)(SIT OK)(lnjection

Fails) (Containment Spray [CSI Fails)

(Large LOCA)(SIT OK)(lnjection

OK)(Containment Spray ICSI Fails)

(SGTR)(lnjection OK)(FW to Intact SG
OK)(RCS Pressure Control Fails) (Unisolable
Laak in Ruptured SG)

MEAN CORE DAMAGE

FREQU ENCY CO NTRIBUTION

ERROR

EVENTSJYEAR FACTOR

1.67E-07 5.66

8.57E-08 9.02

8.53E-08 5.62

7.30E-08 10.61

4.34E-08 11.22

3.95E-08 5.22

1.05E-08 6.67

7.02E-09 11.08
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TABLE II-J-7 (Cent’d)

co RE DAMAGE FREQU ENCY CO NTRIBUTIONS FOR DOMINANT ACCIDENT SEQUENCES

BY INITIATING INTERNAL EVENT

SEQUENCE

(LOFW)(Fail to Deliver Emergency FW)(Bleed
Fails)

(Medium LOCAl /2)(lnjaction OK)

(Containment Spray [CS1 Fails)

((TOTH)(Fail to Deliver Faadwatar)(Blaad
Fails)

(CCWB)(Fail to Deliver Emergency FW)(Bleed
Fails)

(ATWS)(Emergency FW OK)(Fail to daliver
Boron to RCS(Blaad OK) (Feed Fails)

(CCWB)(Emargancy FW OK) (Long-Term
Decay Heat Removal Fails) (Blaad Fails

(LOOP) (Fail to Reseat PSV [PSV

LOCA])(lnjaction OK)(Fail to Cool IRWST)

(CCWB)(Emargency FW OK)(Long-Term
Decay Heat Removal Fails) (Feed & Bleed

OK)(Fail to Cool IRWST)

(ATWS)(Consequent SGTR) (Emergency FW
to Intact SG OK) (Injection Fails)

MEAN CORE DAMAGE

FREOU ENCY CO NTRIBUTION

ERROR

EVENT. SJYEAR FACTOR

5.52E-09 S.23

2.64E-09 5.52

4.42E-09 7.83

3.67E-09 11.57

3.28E-09 12.87

2.75E-09 11.30

2. 14E-09 12.71

1.87E-09 9.11

1.03E-09 7.23
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Time

0.0

1800

1800

1800.4

1800.55

1800.9

1805

1808

1817

1860.9

2032.9

2039.2

2039.2

2064.7

2104.7

2744

3000

3600
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I ADLC 11-d-C5a

FAULT SEQUENCE FOR FULL POWER

INADVERTENT OPENING OF A STEAM GENERATOR

ATMOSPHERIC DUMP VALVE (10S GADV~

One atmospheric dump valve opens fully

Hot channal DNBR

Operetor initiates manual trip

Manual reactor trip signal generatad

Reactor trip breakers open

Staam ganarator watar level reachea
emergency feedwater actuation analysis
setpomt, kWR

Void begins to form in RV upper head

Main steam safety valves open,
bar (psla)

Main steam safety valvas close,
bar (psia)

Emergency feedwater delivered to generator

Steam genarator pressure reaches main
steam isolation signal (MSIS) analysis
setpoint, bar (psia)

MFIVS close completely

MSIVS close completely

Pressurizer pressure reaches low pressurizer
safety injection actuation analysis setpoint,
bar (psia)

Safety injection pumps reach full speed

Affected steam generator dries out

Operator manually closes ADV

Operator initiates plant cooldown

Setpoint

or Value

--

1.24

-.

. .

. .

19.9

-.

83.6 (1212)

79.4 (1151)

--

49.6 (719)

--

-.

107.2 (1555)

--

--

. .

--
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Time

w

0.0

1800

1800

1800.4

1800.55

1801.8

1805

1816.2

1821.8

1822.55

1822.55

1881.8

1890.9

1930.9

2465

3000

3600

TABLE 11-J-8~

FAULT SEQU ENCE FOR FULL POWER INADVERTENT OPENING

9F A STEAM GENERATOR ATMOSPHERIC DUMP VALVE WITH

LOSS O F CEDMC TRIP SIGNAL

Setpoint
Event gr Value

One atmospheric dump valve opens fully --

Hot channel DNBR 1.24

Operator initiates manual trip --

Manual reactor trip signal generated .-

Reactor trip breakers open -.

Minimum transient DNBR 1.24

Void begins to form in RV upper head --

Steam generator pressure reaches main 49.6 (719)
steam isolation signal (MSIS) analysis
setpoint, bar (psia)

Steam generator watar Iavel reachea
emergency faedwater actuation analysis
setpoint, %WR

MFIVS close completely

MSIVS close completely

Emergancy feedwater delivered to generator

Pressurizer prassure reaches low
pressurizer pressure safety injection
actuation analysis satpoint, bar (psia)

Safety injaction pumps reach full speed

Affected steam ganerator dries out

Operator manually closes ADV

Operator initiates plant cooldown

19.9

-.

.

107.2 (1555)

-.

.

-.
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PU CONSUMPTION IN ALWRS

TECHNICAL DESCRIPTION

TA BLE II-J-*

FAULT SE(X.I ENCE FOR A STEAM LINE BREAK OUTSIDE CO NTAINMENT

DURING FULL POWER OPERATION WITH OFFSITE POWER AVAILABLE (SLBFPDI

Time

0.0

5.76

6.76

6.16

6.31

8.87

13.38

17.07

19.73

19.73

124.7

203.6

243.6

310

1800

Setpoint
Event !2L!LdW

Steem Line Break Occurs -.

CPC Veriable Overpower Trip 115
Condition Reachad

EFW Initiated to Both Steam
Generators

CPC Variable Overpower Trip Signal
Generated

Reactor Trip Breakers Open

Minimum Transient DNBR

Steam Generator Pressure Reaches
Main Steam Isolation Signal
Analysis Setpoint, bar (psia)

Voids Begin to Form in RV Upper Hesd

MFIVS Close Completely

MSIVS Close Completely

Maximum Pos~~rip Transient
Reactivity, 10 Ap

Pressurizer Pressure Reaches Safety
Injection Actuation Signal (SIAS)
Analysis Setpoint, bar (psia)

Safety Injection Flow Begins

Safety Injection Boron Begins
to reach Reactor Core

Operator Initiates Cooldown

--

. .

l.l B

49.6 (719)

--

-.

--

-1.72

107.2 (1555)

. .

-.

--
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PU CONSUMPTION IN ALWRS
TECHNICAL DESCRIPTION

IAMLE II-J-Y

!20 RE DAMAGE FREQUENCY CO NTRIBUTION BY INITIATING EVENT

INTERNAL INITIATING EVENTS

Large Loss-Of-Coolant Accident (LLOCA)

Medium Loss-Of-Coolant-Accident (MLOCA1 )

Medium Loss-Of-Coolant-Accident (MLOCA2)

Small Loss-Of-Coolant-Accident (SLOCA)

Large Secondary Side Break (LSSB)

Steam Generator Tube Rupture (SGTR)

Loss of Feedwater Flow (LOFW)

Other Transients (TOTH)

Loss Of Offsite Powar (LOOP) including

Station Blackout with Battery Depletion

Loss of Component Cooling Water (CCW) Div 2

LOSS Of 4.16 I(v BUS

Loss of 125 VDC Vital Bus

Anticipated Transient Without Scram (ATWS)

Interfacing System LOCA

Loss of HVAC

Vessel Rupture

Internal Events - Total

EXTERNAL INITIATING EVENTS

Seismic Events

Tornado Strike Event

External Events - Total

co MBINED EVENT FREQUENCY

Intarnal Events

External Events

TOTAL

MEAN CORE
DAMAGE
FREQUENCY

5.00 E-8

4.53 E-8

4.53 E-8

4.36 E-8

2.00 E-I O

8.04 E-8

5.66 E-9

4.51 E-9

1.00E-i’

9.00 E-9

2.52E-11

2.79E-12

1.72 E-7

3.01 E-9

1.40 E-8

LQS?liZ

6.73 E-7

1.1 9E-6

~

1.20 E-6

6.73 E-7

~

1.87 E-6

ERROR

EACESU3

5.63

5.36

5.36

10.73

74.58

9.71

7.53

6.88

8.23

8.00

9.82

6.23

6.44

18.50

18.85

10.00

9.59

3.50

PERCENT
F TO TAI

7.43

6.73

6.73

6.48

0.03

11.95

0.84

0.67

14.86

1.34

<0.01

<0.01

25.56

0.45

2.08

u

100.00

98.5

s

100.0

43.0

_5ZJl

100.0
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PU CONSUMPTION IN ALWRS

TECHNICAL DESCRIPTION

A.

B.

c.

D.

E.

TABLE 1 II-J-1 O

(Sheet 1 of 2)

SINGLE FAILURES

STEAM BYPASS CONTROL SYSTEM

1. Failure to Modulate Open

2. Failure to Quick Open

3. One Bypass Valve Fails to Quick Close
4. Excessive Steam Bypass Flow

5. Failure to Generete Automatic Withdrawal Prohibit Single During Steam Bypass Oparation

6. Failure to Generate the Reactor Power Cutback Signal

REACTIVITY CONTROL SYSTEM

7. Regulating Group(s) Fail(s) tolnsert or withdraw

8. A Single CEA Stuck*

9. A CEA Subgroup Stuck”
10. Failure to Initiator Executetha Reactor Power Cutback
11. CEA’a Withdraw upon Automatic Withdrawal Prohibit and/or CEA Withdrawal Prohibit

FEEDWATER CONTROL SYSTEM

12. Failure of Reactor Trip Override

13. Failure of High Level Override

TURBINE-GENERATOR CONTROL SYSTEM

14. Setback w/o Cutback
15. Failure to Modulate the Turbine Control Valves
16. Failure to Setback Given a Cutback (100”A _ Initial Power 750A)
17. Failure to Setback (75”A _ Initial Power 600A)
18. Failure to Runback(60”A Initial Power)
19. Failure to Trip the Turbine

PRESSURIZER PRESSURE CONTROL SYSTEM (PPCS)

20. Failure of Spray Control Valves to Open

21. Failure of Spray Control Valves to Close

22. Failure of Backup Heaters to Turn On

● Control Element Orive Mechanism does notrespond to control signal. Relaase of CEA(a)on trip is

not inhibited.
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PU CONSUMPTION IN ALWRS
TECHNICAL DESCRIPTION

TABLE II-J-1 O (Cent’d)

(Sheet 2 of 2)

SINGLE FAILURES

23. Failure of Backup Haaters to Turn Off

F. PRESSURIZER LEVEL CONTROL SYSTEM

24. Backup Charging Pump Fails to Turn On
25. Backup Charging Pump Faila to Turn Off

26. Letdown Flow Control Valve Faila to Closa
27. Letdown Flow Control Valve Fails to Open

G. MAIN FEEDWATER SYSTEM

28. One MFIV Fails to Close
29. One Back-flow Check Valve Fails to Close

H. MAIN STEAM SYSTEM

30. One MSIV Fails to Close
31. One Atmospheric Oump Valve Fails to Open
32. One MSSV Fails to Reclose

1. EMERGENCY FEEDWATER SYSTEM

33. Failure of any One Emergency Feed Pump to Start

J. SAFETY INJECTION SYSTEM

34. Failure of One S1 Pump

K. ELECTRICAL POWER SOURCES

35. Loss of Off site Power Greater than 3 Seconds After Turbine trip Caused by Reactor Trip

36. Failure of One Emergency Generator to Start, Run, or Load (Two S1 pumps are powered

from one Emergency Generator.)

L. INTERACTIVE CONTROL SYSTEM FAILURES

37. Loss of CEDMC Reactor Tripped Signal

345-11.wp/cm 11-164
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ITEM

CORE MECHANICAL OESIGN
Parameters
FUELASSEMBLIES

ROD BUNDLE ARRANGEMENT
ROD PITCH
CROSS SECTION DIMENSIONS
NUMBER OF GRIDS PER
ASSEMBLY

FUEL RODS
LOCATIONS
OUTSIDE DIAMETER
DIAMETRAL GAP
CLAD THICKNESS
CLAD MATERIAL

FUEL PELLETS
MATERIAL (SINTERED)
DIAMETER
LENGTH

CONTROL ASSEMBLIES
CLADDING MATERIAL
CLAD THICKNESS
ABSORBERMATERIAL

CORE STRUCTURE
CORE BARREL lD/OD

IARY CC

UNIT

IN
IN

#
IN
IN
IN

IN
IN

IN

IN

TABLE II-I

PARLSONOF PLANT PARAM~ERS

Reference System 80+

16X16
0.506
7.9 BX7.9B
11

56,B76
0.3B2
0.007
0.025
21RCALOY4

U02
0.325
0.390

INCONEL 625
0.035
B,C

157/162

Full Plutonium

b l..~

16X16
0.506
7.96X7.96
11

54,956
0.362
0.007
0.025
ZIRCALOY-4

UOz-?uOz-Erz02
0.325
0.390

INCONEL 625
0.035
B,C

157/162

Plutonium Core

16X16
0.506
7.9 BX7.9B
11

49,164
0.3B2
0,007
0.025
ZIRCALOY-4

U02-PuO~-Er,0,
0.325
0.390

INCONEL 625
0.035
B4C

157/1 62



TABLE 11-1

SUMMARY COMPARISON OF PIANT PARAMHERS

ITEM

3. REACTOR COOLANT SYSTEM

REACTOR VESSEL
OVERALL HEIGHT (INCL, CEDM NOZZLESI
OVERALL DIAMETER (INCL. RCS
NOZZLES)
INTERNAL DIAMETER
CYLINDRICAL SHELL THICKNESS
MATERIALS

BASE
CLAODING
CLAD THICKNESS

NOZZLES (LOCATION, NUMBER, SIZEI

CLOSURE HEAO: CEDM’S
VESSEL INLET
VESSEL: OUTLET
DIRECT VESSEL INJECTION

STEAM GENERATOR:
NUMBER
NPE
OVERALL HEIGHT
OVERALL DIAMETER
NUMBER OF TUBES/S.G.
TUBE SIZE O,D.
TUBE THICKNESS
SURFACE AREA/S.G
MATERIALS
TUBING
PRIMARY SIDE
SECONDARY SIOE

UNIT

FT.
FT
FT
IN

IN

#ilN
#nN
#llN
#ilN

FT
FT

IN
IN
FT2

Reference System 80+

4B
23.3
15.2
9

C.s
S.S, +INCONEL
.125

101/2
4/30
2/42
4/10

2
VERTICAL V.TUBE
77,8
20.5
12,300
0.75
0.042
150,B95

IN.690
C.S. CLAO WITH S.S
C.s

FUII Plutonium

h l.=~

4B
23.3
15,2
9

C,s
S.S. +INCONEL
.125

101/2
4/30
2/42
4/10

;ERTlcAL V.TUBE
77.B
20.5
12,300
0.75
0.042
150,B95

IN.690
C,S. CLAO WITH S.S
C,s

plutonium Core

48
23.3
15.2
9

C.s
S.S. + INCONEL
.125

101/2
4/30
2/42
4/10

2
VERTICAL V.TUBE
77,B
20.5
12,300
0.75
0.042
150,B95

IN.690
C.S. CLAD WITH S.S
C.s



TABLE 11-1

SUMMARY COMPARISON OF PIANT PARAMETERS

ITEM

PRESSURIZER
OESIGN PRESSURE
OESIGN TEMPERATURE
OVERALL HEIGHT
OVERALL OIAM~ER
VOLUME
SAFETY VALVES
CAPACITY EACH
SPRAY FLOW RATE
HEATERS-IMMERSION

REACTOR COOLANT PUMP
NuMBER
TYPE

DESIGN FLOW (EACH)
OESIGN HEAO

MOTOR

rYPE

TYPE
RATING, COLO

SEAL-TYPE
NUMBER

UNIT

PSIA
“F
FT
FT
FT3
#/lN
#/Hr
GPM
#/KW

GPM
FT

HP

Reference System 80+

2500
700
54.4
8.9
2400
416
4.6 + 106
375
48/50

4
VERTICAL SINGLE STAGE
CENTRIFUGAL
111,400
365

A-C INDUCTION
12,000
MECHANICAL FACE
3

Full Plutonium

Qw ~=~

2500
700
54.4
8.9
2400
4/6
4,6+105
375
46/50

4
VERTICAL SINGLE STAGE
CENTRIFUGAL
111,400
365

A< INDUCTION
12,000
MECHANICAL FACE
3

Plutonium Core

2500
700
54.4
6.9
2400
4/6
4,6+105
375
46/50

4
VERTICAL SINGLE
STAGE CENTRIFUGAL
111,400
365

A-C INDUCTION
12,000
MECHANICAL FACE
3



TABLE 11-1

SUMMARY COMPARISON OF PLANT PARAMETERS

ITEM

4.

5.

SHUTDOWN COOLING SYSTEM

MAX. OPERATING TEMP.
MAX. OPERATING PRES,
DESIGN TEMP.
DESIGN PRES
HEAT EXCHANGERS

NUMBER
HEAT REMOVAL CAPACITY ISA)
FLOW-TUBE SIDE-REACTOR
COOWNT (EAl
FLOW-SHELL SIDE-COMPONENT
COOLING (EA)

PUMPS
NUMBER

DESIGN FLOW - W.
DESIGN HEAD

SAF~Y INJECTION SYSTEM
PUMPE-CENTRIFUGAL, HORIZONTAL,
MULTISTAGE
DESIGN FLOW - EA.
DESIGN HEAO
DESIGN TEMP.
DESIGN PRES,
TANKS (SAFHY INJECTIONI

TOTAL VOLUME (EAl
OPERATING LIOUID VOLUME ISA)
DESIGN F%ES.

IN-CONTAINMENT REFUELING WATER
STORAGE TANK

TOTAL VOLUME
VOLUME FOR SAFETY
INJECTION

UNIT

‘F
PSIA
‘F
PSIA

BTWHR
GM
GPM

GF%I
FT

#
GPM
FT
“F
PSIA
#
FT3
FT3
PSIA
#
FT3
GAL

Reference System 80+

350
400
400
915

2
3.38X1O’
5000
10940

2
5000
400

4
815
2850
350
2065
4
2406
1858
700
1
116,000
495,000

350
400
400
915

2
3.38x107
5000
10940

2
5000
400

4
815
2850
350
2065
4
2406
1858
700
1
116,000
495,000

Plutonium Core

350
400
400
915

2
3.38X107
5000
10940

2
5000
400

4
815
2850
350
2065
4
2406
1858
700
1
116,000
495,000
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SUN

ITEM

B. CONTAINMENT

NPE

DIAMETER-INSIDE-SFWERE
FREE VOLUME
STEEL THICKNESS
DESIGN PRESSURE
DESIGN TEMP.
DIAMmER-OUTSIOE-SHIELD BLDG.
THICKNESS-SHIELO BUILOING

9. BACKUP ELECTRICAL SYSTEM5

EMERGENCY ON SITE GENERATORS
OIESELS-SAFETY GRADE
RATING-EA
COMBUSTION TURBINES-NON-SAF5TY
GRAOE
RATING

10. FEEDWATER SYSTEM

MAIN FEEDWATER PUMPS
CAPACITY OF MAIN FEEO PUMPS
FEEO PUMP MOTOR TYPE
FEED PUMP MOTOR POWER
MAIN FEEO FLOW (EN
MAIN FEED TEMP.

Il. MAIN STEAM SYSTEM

STEAM FLOW - EA.
STEAM TEMP
MINIMUM PRESSURE
MAXIMUM MOISTURE

IARY Cl
-

UNIT

FT
FT3
IN
PSIA
“F
FT
FT

#
H.P.
#
H.P.

#
%
DUTY
H.P.
GPM
“F

LBM/Hfl
“F
PSIA
%

TABLE Ii-l

PARISON OF PLANT PARAM

Reference System 80+

OUAL-SPHERICAL STEEL
~ REINFORCED
CONCRETE SHIELO BLOG.

200
3.4X1O’
1,75
53
290
216
3

2
8575
1
5000

3
50
VARIABLE SPEEO
17500
17.160
450

8.56x1O”
544.6
1000
0.25

TERS

Full Plutonium

b l.=~

200
3.4X1O”
1.75
53
290
216
3

2
8575
1
5000

3
50
VARIABLE SPfEO
17500
17,160
450

8,54X10e
544.6
1000
0.25

Plutonium Core

200
3.4X1 0’
1.75
53
290
216
3

2
8575
1
5000

3
50
VARIABLE SPEEO
17500
17,160
450

7.57X109
544.6
1000
0.25
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