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ABSTRACT

This report consists of three volumes which describe the design concepts
and screening evaluation for a 3000 MWt Pebble Bed Reactor Multiplex Plant
(PBR-MX).' The Multiplex plant prbduces both electricity and transportable
chemical energy via the thermochemical pipeline (TCP). The evaluation was
limited to a direct cycle plant which has the steam generators and steam
reformers in the primary circuit. Volume 1 reports the overall plant and
reactor system and was prepared by the General Electric Company. Core
scoping studies were perfofmed_which evaluated the effects of annular and
cylindrical core configurations, radial b]ankét zones, burnup, and ball
heavy metal loadings. The reactor system, including the PCRV, was inves-
tigated for both the annular and cylindrical core configurations.

Volume 2 describes the conceptual balance-of-plant (BOP) design and was
prepared by United Engineers and Constructors, Inc. of Philadelphia,

- Pennsylvania. The major emphasis of the BOP study was a preliminary design
of an overall plant to provide a basis for future studies. There were no
optimization or trade-off studies performed.

Volume 3 is an Appendix containing the equipment list for the plant and
was also prepared by United Engineers and Constructors, Inc. It tabulates
the major components of the plant and describes each in terms of guantity,

type, orientation, etc., to provide a basis for cost estimation.
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1.0 INTRODUCTION AND SUMMARY

This document presents the results df a study undertaken by United Engineers
and Constructors Inc. (UE&C), under contract to the General Electric Company
Advanced Reactor Systems Department (GE-ARSD), to provide a Conceptual Bal-
ance of Plant design for a 3000 MWt Pebble Bed Gas Cooled Reactor. The ‘re-
actor was configured by GE-ARSD to generate process gas and electricity
using a closed cycle chemical heat pipe, in which part of heat from the re-
actor is converted to chemical energy by an endothermic reaction and the
éroduct (a mixture of.gases) is piped to the user up to a 100 miles distant.
The chemical energy is reconverted to heat through an exothermic reaction -
heat exchanger at the point of usage. The reference reactor ;s'a 3000 MWt
Pebble Bed Reactor utilizing spherical fuel elements that permit on-line re=
fueling; the reactor employs a novel fuel cycle scheme named the OTTO cycle
(Once-Through, Then Out), which enables the reactor to operate with an out-
let coolant temperature of 950°C and is projected to offer a 90% avail-

ability factor.

Specific efforts undertaken towards the development of the BOP conceptual
design included preparation of conceptual flow and heat balance diagram,
sizing of components, equipment specifications, component layouts, and re-

lated conceptual design for all systems pertinent to the BOP.

Lists of the major components of the plant were prepared wifh United En-
gineer's propriétary computer code PEGASUS, which incorporates a model of

the plant that has been stored in tape for quick retrieval. Should a follow-
on study be later authorized invoiving a cost estimate, the model can be re-

trieved and expanded for that purpose.
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2.0 PLANT CONSIDERED AND REFERENCE REACTOR

2.1 PLANT CONSIDERED

i

The plant considered in this study utilized the PBR as a source of heat for
generation of proceés heat and electricity. The process heat plant is based
on a closed cycle chemical heat pipe concept using a pebble bed reactor.
Each of the six heat transport loops consist of one steam reformer, one
steam generator, one circulator, one process recuperator, plus the necessary

isolation valves and associated gas ducting.

The selected flow diagr;m shown in Figure 2.1 and 2.2 shows the plant as con-
figured by GE-ARSD for éhe present study. As shown on the diagram, the re-
actor core is cooled by 7.08 x 106 LBM/Hr of helium gas at 580.psia. The
helium leaves the core at 1740°F and is directed to the steam reférmers
through six concentric ducts. Thé inner duct carries the hot helium while
the outér duct contains the returning helium at 572°F. The helium exits

from the steam refofmer at 1470°F and flows through another concentric duct
to the steam generator. The helium leaveé the steam generator at 553°F and
enters the primary circulator. The return helium stream_is used to cool the

component liners as it passes between the liners and the PCRV,

The reformed gas stream leaving the steam reformer consists of CO, HZ’ H20
(vapor) and CO, at a temperature of 1255°F. This gas mixture is then cooled
to 967°F as it passes through the recuperator. The excess steam is then
condensed out of the mixture to avoid any reaction between the €0y and Hy0
(vapor). The gas is transported to a distant site where it is converted

back to CH, and Hy)0 by methanation. The CH, can then be returned to the

steam reformer to complete the cycle.



Feedwater to the steam generatdr enters the pfeheater stage at 355°F and
1740 psia and leaves the superheater stage at 1003°F and 1668 psia. 1sola-
tion valves are provided at the PCRV penetratibns of the process gas and

water/steam lines, and in the main helium loop.

The primary circulator is capable of overcoming a total pressure drop (core

6

plus loop) of 20 psi at a flow rate of 1.18 x 10° LBM/Hr.

Concentric ducting is sized to limit the maximum gés'velocity, for both hot
and cold streams, to about 200 ft/sec and 70 ft/sec, respectively. It is
advantageous to use a lower gas velocity for the cold gas since the lower
velocity will reduce the heat transfer coefficients in the outer dpct. This
reduces the heat flux across the innmer wall and also the ﬁeat loss to the
PCRV. To standardize fabrication, installation, maintenance, and handling
equipment requirenments, only ome size of concentric duct is used in the main
loop, although smaller duct diameters can be used where lower temperature

conditions exist.

The heat balance given for the process heat plant is depicted on Figure 2.2.
For each heat transport loop, the primary gas circulator will add an es-
timated 8 MWt to the 500 MWt/loop of nuclear heat. As the figure indicates,
115.5 ﬁWt/loop (23% of the heat) is.used in the reforming of the methane/
steam mixture. The incoming process gas also recovers 44.5 MWt/ loop, (23
MWt/loop in the recuperator and 21.5 MWt/loop in the steam'reformer), froh
the refo?med gas stream. The remaining 392.5 MWt/Loop, or 77% of the heat,

is transferred to the steam generator for the production of steam.
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PCRV| NOTE: 1. This sketch shows a flow diagram for ome
loop, typical of six loops in the plant.
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FIGURE 2-1 - FLOW DIAGRAM FOR PROCESS HEAT PLANT USING A PEBBLE BED REACTOR
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3. PLANT DESCRIPTION

3.1 REFERENCE PBR

The Reference PBR plant is described in Section 2 of this report. A detailed
description of the structures and systems follow in this Section of the re-
port. Minispecifications of the major componerits in the systems are located

in Appendix A.

For the purposes of this study, the annular core concept was utilized in
that it provided added suppdrt for the top head ‘of the PCRV. This design
required twelve discharge stations for spent fuel rather than six if the

center support was not used.

The descripti@ns of the major- parts of the plant contained in this Section
are:
3.2 Plot Plan
3.3 Structures
3.4 Nuclear Steam Supply System
3.5 Engineered Safegﬁatds‘System Features
3.6 Auxiliary System§
3.7 Electrical Systems
3.8 InStrumengation and Contreol Equipment
3.9 Tdrbine Plant Systems
3.10 Radioactive Waste Management Systems

3.11 Process Gas Chemical System
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3.2 PLOT_PLAN

A single unit PBR plant layout is shown on Drawing 7122;001-PBR-001. The
arrangement of‘buildings provides for optimum use of space for the various
functions performed in the plant. The grouping of strﬁctures also provides

a controlled access to vital areas of the power plant.

3.3 STRUCTURES
Drawings 7122-PBR-002 through 009 inclusive, show the arrangement of the
~safety-related buildings, namely:
6 Containment
o Control and Diesel Bullding
. o Reactor Service and Fuel Handling Building

0 Penetrations Building
These buildings are designed to seilsmic Category I requirements.
The major seismic Category. I structures required for this plant are:

Reactor Containment Building

The contginmeﬁt houses the NSSS and associated‘equipmént, air purification
and cleanup system, provides bioldgical shielding, and {8 a vapor-tight |

structure to pfbtect the eﬁvironment in the unlikely event of a postulated
abnofmalvcondition of the reactor cdolant system. The interior of the con-
tainment is lined with carbon steel plate. Interior_concrete substructures
in the containment are designed to seismic Category I'requiréments and are

used to support and protect components and equipment.
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Reactor Service and Fuel Handling Building

The reactor service and fuel handling building houses auxiliary safety re-
lated systems and components. A new fuel storage area is provided. This
building also contains a spent fuel storage pool, together with its asso-
ciatéd pool cooling and pool water cleaning systems. The fuel pool 1is sized

for approximately 3 years of spent fuel storage.

Radwaste processing, auxiliary, equipment, ‘and equipment decontamination are
also accomplished in this building. A loading dock‘for truck or rail shiﬁ-

ments is located alongside the building.

Control and Diesel Building

The CD building houses the emergency diesel generators, the main control
room and remote shutdown control room, aﬁd cable spreading rooms. This
building is designed to operate and control the powér plant under both nor-
mal and emergency bperating conditiong. A secondary control room is pro-
vided in the CD building sﬁould tﬁe main control room beqome uninhabitable

during an emergency.
The CD building also houses the helium purification eqﬁipment.

Penetrations Building

The penetrations building houses the main steam and feedwater containment
isolation valves. Each of the six steamlines are provided with a stubbed

header which contains safety relief valves and pressure relief valve.

The containment isolation valves for the chemical process lines entering

and returning from the PCRV are located in this building.
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Ultimate Heat Sink Structure
These structures, house the air-blast cooling towers and associated pumps to '
provide cooling water to the after heat removal heat -exchangers that operate

during emergencies.

Nuclear Service Water Cooling Towers

These structures house the nuclear service water pumps which provide emer-
gency service water to the emergency diesel generators and other essential

4

services during emergencies.

Remote Air Intake Structures

The structurés provide fresh air to the main control room during emergencies.

The non-seismic Catégory I structures contain non-safety relﬁted equipment
and components that are not required for safety or safe-shutdown. These
struétures normally are constructed of structural steel framing, metal
siding, concrete plank roofing, and founded on concrete spread footings.
Drawings 7122.001-PBR-010 through 013, inclusive, show the arrangement of

the major non-seismic Category buildingé.

Turbine Buildigg

The turbine building houses the turbine-generator, condensers and associated
equipment, feedwater heaters and pumps, and auxiliary equipﬁent.f Seismic

Category 1 components or equipment are not houéed in tﬁis building.

Other non-seismic Category I buildings that are a parf of this plant com-

plex, includes:



Service/Administration Building

Access Building

Plant Security Building

Circulating Water and Service Water Pump House
Makeup Water Intake Structure

Makeup Water Pretreatment Building

Fire Water Pump House

Holding Pond

Process Gas Chemical System Area’
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3.3.1 YARDWORK

3.3.1.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions
The function of yardwork is to prepare the site for the construction of

buildings and the receipt of materials.

. Design Requirements

Site preparation shall include excavation, backfill and dewatering for

structure associated yardwork.

Yardwork shall include all facilities required for drainage, sanitation,
access to major roads and railroads, and security as required during

construction.
vardwork shall also include finish grading and final site landscaping.

3.3.1.2 DESIGN DESCRIPTION

The Middletown plant location is a hypothetical site. ' The reference eleva-
tion for site and yard elevations and plant finish grade is at 18 feet above

the mean river level.

|
Site preparation consists of clearing, grubbing and st;ipping of top goil
for all structures, road, failroadé, parking areas, materials handling areas
and construction facilities. Rough grading quantities included with the gen-
eral cut and fill do not include cut and fill the main plant structures.

Fine grading and landscaping are also included with the general cut and fil11

work.



Earth excavation; backfill, concrete fill and dewatering for the main plant
structures are included with the structure associated yardwork. This in-
cludes all excavation work for the main nuclear and turbine plant areas. e

e,

Excavation work for structures not included with the main excavation are in-
cluded with the structural work for the building under consideration. ‘The
cut and fill work includes hauling, dumping, stockpiling, placing and com-
pacting. The fill is separated into select and compacted Category I fill
adjaéent to Non-Category I structures and general area fill in the main plant
areé. In addition, concfete fill is used under major structures to
distribute bearing loads at the same elévation to minimize differential
settlement between structures. In general, the main plant excavation is a
large open cut to accommodate the Reactor Contaiﬁment Building; Control and

Diesel Building, Fuel Handling and Reactor Services Building, Turbine Build-

ing, Ultimate Heat Sink Structures.

Excavated material is used on site for general fill as much as possible.
Spoil areas and storage areas were established for excavated maferial not
used as fill and for top soil.. Erosion and sedimentation control of these
areas is assumed to be in accordance with EPA requirements.’ Temporarf
settling b;siﬁs are provided to colleét all runoff during construction prior

to discharge.

The yard drainage system consists of inceptor ditches (paved and unpayed)
and storm drains with catch basins to carry off stopm watef from developed
areas. Water courses that are intercepted near the plant are diverted by
ditches into existing stream beds or storm drains. Culverts carry stream

flow under the railroad and roads. The yard surface water drainage is
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discharged via the existing water courses as much as possible. Building

roof drainage is directed to the yard drainage system.

Piping and toilet facilities for permanent‘plant requirements are based on

permanent plant personnel requirements.

Highway access is provided to the site by existing secondary roads connecting
to a state highway. fhis road is assumed to be in good'condition and needs
no additional improvements. An onsite asphélt road is provided around the
main plant strucﬁures. The road has paving thicknesses equivalent to the
standard thicknesses required for public highways. 1In addition, parking -
areas, concrete curbs and walks are provided. Service roéds are arranged to
provide access to all truck sized doors in the plant and to all buildings

requiring servicing or maintenance by vehicles.

Railroad access is provided by coﬁstructing a railroad spur which intersects
the existing railroad. The length of the spur from tﬁe main line to the
plant site is five miles in length. Additional spurs are provided to the
Turbine Building and the Fuel Handling and Reactor Service Building. All
roadbed and trackage was designed in accotrdance with the latest railroad

standards.

In addition to the above items, fencing, a gate house and roadwayvand yard

lighting were provided with the yardwork.
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3.3.2 REACTOR CONTAINMENT BUILDING

3.3.2.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions

The Reactor Containment Building (RCB) houses_tﬁe prestressed concrete reac-
tor véssel (PCRV), its support, fuel distribution and collection systems,
primary hegt transport system, and selected auxiliary systems and components.
The RCB protects those systems and components against normal, abnormal and

extreme environmental conditions, and externally generated missileé.

Design Requirements

The RCB is designed to limit fission product release during normal and de-
sign basis event (DBE), includingvdepressurization of the PCRV, chemical
process line bréak, or a main steam line break, and the éostulated maximum
hypothetical fission product release (MHFPR).  The RCB is designed to sus-
tain the maximum pressure and temperaﬁure resulting from:

o Depressurizatioh of the PCRV.

0 Rupture of fhe new fuel distribution or spent fuel collection pres-

sure boundary.
o Malfunction of the new fuel or spent fuel transport systems.

0 Main steam pipe rupture.
The conditions and design data are given in Table 3.3.2.

The RCB is provided with a new fuel distribution facility, spent fuel col-
lection system, new fuel transport system with its air-lbck, and a spent

fuel transport system with its air-lock.
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3.3.2.2 DESIGN DESCRIPTION

The containment houses the Nuclear Steam Supply System (NSSS)., 1t is a
seismic Category I reinforced concrete cylindrical structure with a hemi-
spherical dome and a flat reinforced concrete base. The reinforced concrete
base is 184 feét diameter, 14-feet thick, and founded 34 feet below fin-
ished grade. The upright cylindrical portion of the containment has an in-
side diameter of 171 feet, measured 173 feet - 2 inches from the top of
foundation maﬁ to the springline of the dome, and has a'4 foot 6 inch thick
wall. The dome portion is a hemispherical-shaped head having an inside |
height of 85 feet, 6 inches, and a 3 foot 6 inch thickness of reinforced
concrete. The inside height f;om the top of the mat to the inside of the
dome 1is 259 feet, 2 inches. The gross volume of the containment 18

5,283,400 cubic feet with a free volume of 3,284,800 cubic feet.

A 3/8 inch thick carbon steel liner is applied to the inner surface of the
cylinder, %" thick liner on the inside of the dome, and a % inch thick
N

liner on the top of the foundation mat. The liner is anchored to the inside
face of the containment concrete. All seams of the liner are continuously
welded and non-destructively examined to assure that the liner provided an
impervious membrane to pre?ent the release of containment atmosphere to the
enviroﬁs. The bottom liner is supported on top of the foundation mat and is
protected By a reinforced concrete slab which fo;ms the floor of the contain-
ment. Below the PCRV support, the top mat is dééressed 2 feet to provide a
shear-key for transmitting horizontal seismic forces from the support into

the mat. The liner follows the mat contour. This is protected by a con-

-crete slab 3 feet thick.
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An equipment hatch containing an air-lock is provided in the containment at
the refueling floor level and is used as an entrance through which equip-
ment is moved into the containment during construction and may be used dur-

ing maintenance operations.

A personnel éir lock is provided ih the containment at the bottom of the
containment plué_fhe one gt the refueling floor level. These air locks may
be remote operated during normal plant 6p§ration to permit transporting new
fuel into,and removing spent fuel from the PCRV. . Piping, electrical pene-
trations, and HVAC ducts penetrate the wall at various locations. Thése
penetrations are designed to provide a leak-tight connection during normal
and abnormal operéting plant conditioné. Containment penetrations are
housed in either the Penetrations building, the CD building, or the Reactor
Service and Fuel Handling Building, which provides protection against en-
vironmental‘conditions and externally generated missiles for the penetra-
‘tions, containment isolation system valves, and power and instrumentation

wiring.

The PCRV is located concentricaliy inside the containment and is supported
on a reinforced concrete foundation. The PCRV is 139 feet, O inches
diameter and‘92 feet, 2Vinches high, with its top located 2 feet, 10 inches
below the operating floor. This floor is constructed of steel beams and
plate and is supported from the top of the PCRV. The bottom of the PCRV is
located 25 feet, O inchés above the containment floor and is supported on a
reinforced concrete peripheral ringwall and center pedestal foundation ex-
tending to the floor. The ringwall is 136 feet, O inches 0.D. and 8 feet,

0 inches thick, and contains. several large openings to pfovide for routing
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of major piping and -transfer of spent fuel through the wall and for access.

The center pedestal is 30 feet, O inches diameter and 1s solid.

The concentric location of the PCRV creates a 16 feet wide annular space be-
tween it and the containment shell. Within this space,,and_supportéd from
the containment floor, is a steel-framed annular-shaped structure that ex-
tends completely around the PCRV and rises to the operating floor level at
the top of the PCRV. This structure is independent of the PCRV and the con-
tainment shell and supports major equipment, piﬁing, electrical trays, HVAC

equipment, and access platforms and stairways.

A 100-ton polar crane is provided for construction and maintenance opera-
tions. The crane rail is located near the'spring line of the c&ntainment'
and is supported from the wall of the containment. >The crane is designed

to seismic Category 1 criteria with the requirements that the suspended load
will not drop and that the crane will femain in place aﬁd intact during an
SSE event. However, a field-installed tower crane placed on top of the PCRV .
would be required to remove a steam reformer or a steam generator. Thé steam
reformer, with an estimated weight of 275 tons, is the heaviest component in
the PCRV. The steam generator, with an estimated weight of 140 tons, is the

second heaviest.

‘Thg containment design is in accordance with the ASME Boiler &APfessure Ves-
sel Code, Section III, Diviéion‘z - Conérete Reactor Vessels and‘CbnEain—
ments. Interior concrete support structure is‘in accordance with the re-
quirements of the ACI Standard 349-76, Code Requiremenfs‘for Nuclear Safety
Related Structures, supplemented with theuACI Standard 318-71, Building Code

Requirements for Reinforced Concrete.
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The PCRV 1is 'provided with a.new fuel distfibution system which receives
fuel from the Reactor Service and Fuel Handling Building and distributes it
in the reaétor core. The system is supported above the PCRV. A spen; fuel
collection system is located under the PCRV which is used to collect the

spent fuel which is then transported to the Reactor Service and Fuel Handling

Building for storage.
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TABLE 3.3-2

Containment Design Data

Item

Type

Inside ilameter

Inside Height (base to inside
‘of top head)

Liner
Wall Thickness
Dome fhicknese

Design Leak Rate
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Data

. Upright cylinder on a flat base

with a hemispherical top head, re-
infqrced-concrete, steel lined.

171 feet

'259 feet, 2 inches

Carbon Steel
4 feet, 6 inches .
3 feet, 6 inches

0.1 Volume-Percent/24 Hours



3.3.3 CONTROL AND DIESEL-GENERATOR BUILDING

3.3.3.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions
The Control and Diesel (CD) Building houses the control and electrical equip-
ment, including support S8ystems required for plant operation. The CD build-

ing also houses essential features including the main control room, remote

shutdown area, and the emergency diesel-generators.

Design Requirements

The controls for nuclear steam production and its conversion into electricity

are operated from the control room.

The remote shutdown room has the capability to initiate a reector tripband
other functions to safely shut down the reactor. This remote shutdown area
1s isolated from the main control room and containment with the requirement
that it can be continuously occupied in the event‘an accident renders the

main control room inaccessible.

3.3.3.2 bESIGN REQUIREMENTS

lhe design of the CD building evolved from previous studies conducted over a
period of time to combine the functions of the control buildlng, emergency
power building, cable tray transition building, and the reactor containment
building annulus. The CD building houses the main control room, the safe
shutdown control room;‘computer rooms, standby power supply (diesel-genera-
tor units), Class 1E medium and low voltage a~c distribution system, Class
1E d-c power distribution system and batteries, emergency motor controllers,
control rod dtive cabinets and the major portion of the Class 1E cable and

‘raceway- system.
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Two separate and independent cable spreading ¥ooms, one above and one below
the control room, are provided for the three Class 1E and one non-Class 1E
power, conttol, and instrumentation channels.’ in addition, é network of
four separate and independent vertical cable chases and containment penetra-

tion rooms are provided for the four channels.

Redundant heating, ventilating and air conditioning systems are provided for
the control room and computer room areas. Redundant heating and ventilating
systems are provided for the diesel-generator areas, switchgear area, con-
tainment penetration areas, and the cable spreading rooms. A separate and.
independent héating.and ventilating system is provided for non-Class 1E
equipment areas. Redundant control room air supply from remote air intakes

is also provided.

Equipment access to any location within the CD building is through the equip-
ment hatch area which accommodates the largest piece of equipment to be re-

moved. The diesel-engine crankshaft and generator can also be removed.

The CD building is a reinforced concrete seismic Catégory 1 structure. A 4-
foot thick reinforced concrete base slab 1s founded on fill concrete. The
overall dimensions of the 7 story reinforced concrete building are 131 feet

wide, 147 feet long, and 150 feet high.

The exterior walls, interior walls, aﬁd top slab of the building are rgin-
forced concrete; The exterior walls are a miﬁimum of 2 feet thick. Rein-
forced concrete walls separage the diesel-generators and support the upper
floors. All walls and slabs are cast-in-place'concrete with elabs supported
on céncrete beams, reinforced concrete columns and/or bearing walls. The -

 top slab is covered with a roofing membrane.
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Design of the structure is in accordance with the ACI Standard 349-76 en-
titled, "Code Requirements for Nuclear Safety Related Structures'". Supple-
mentary design is in accordance with the ACI Standard 318-71 entitled,

"'Building Code Requirements for Reinforced Concrete'.



3.3.4 CONTROL ROOM EMERGENCY AIR INTAKE STRUCTURES

3.3.4.1 FUNCTIONS AND DESIGN REQUIREMENTS

Function
Each air intake structure is capable of providing fresh air to ensure habit-
ability of the control room in the event of an abnormal event during plant

operation.

Design Requirements

The emergency air intake structufes are designed to:
1. Provide fresh air intake for the control room in event of radio-
active contamination in the normal air intake stream.
2. Provide fresh air intake for the control room in the event of chemi-
cal contamination in the normal air intake stream.
3. Provide the abqve functions during SSE or other adverse environ-

mental conditions.

3.3.4.2 DESIGN DESCRIPTION

The control room emergency air intake struictures are two Seismic Category 1
reinforced concrefe structures. The air intake piping pit is located belo&
grade and founded on rock ten ft. below grade. Each strgcture has a éasé
slab and walls of reinforced concrete ten ft. square and nine ft. deep, and
has a volume of 500 cu. ft. Each structure has a top slab of reinforced -
concrete, which covers the piping pit and forms the floor of the sééurity
area around the air intake pipe. Each slab is at grade levei and ié 18 ft.
square. The air intake structures are located inside the plant security

fence.
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3.3.5 REACTOR SERVICE AND FUEL HANDLING BUILDING

3.3.5.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions
The Reactor Service and Fuel Handling Building houses all the mechanical
auxiliary systems and emergency systems associated with the reactor plant.

The building also houses the fue1>handling equipment and related systems.

Design Requirements

The Reactor Service and Fuel Handling Building is a Seismic Category I struc-
ture designed to house a11 radioactive or potentially radioactive systems and
materials. The building houses all the emergency process systems required
to mitiéate the consequences of the folld&ing postulated accidents or ab-
normal occurrences:

1.  PCRV depressurization

2. Steam line break

3. Emergency shutdown due to loss of off-site power

4. Emergerncy shutdown due to safe shutdown earthquake-

3.3.5.2 DESIGN REQUIREMENTS

The Reactor Service and Fuel Handling Building is a seismic Category I rein-
forced concrete building. Provisions are made in the building layout td re-
strict access into any area that contains engineered safeguards equlpment or

h1gh level radiation.

The building ventilation system is designed such that air flow is directed
from areas of low level contamination into areas of potentially higher level

contamination and is filtered before discharge.
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The lower level, or basement of the building houses the following systems:
1. Spent fuel storage pool
2. Spent fuel transport and unloading system
3. Spent fuel container loading area

4. Spent fuel pool cooling and purification system

The ‘Reactor Service and Fuel Handling'Building also houses the following sys-
tems and facilities on various levels:

1. Liquid radwaste system

2. Gaseous radwaste system

3. Solid radwaste and spent resin storage

4. Shipping ‘:and receiving area

5. Drum storage and cleaning

<)

Laundry and cleaning rooms

"The :upper floor houses the following:
1l. New fuel storage bins, capacity approximafély one-million fuel
pebbles storage.

2. Fuel loading facility.

The exterior walls, interior walls, floor slabs .and roof slab are~rein%orcéd
conérete.. The exterior walls are a’minimum of two ft. thick, with the ex-
ception of the spent fuel pbol.wall.which is nine and one-half ft. thick for
all portions which are above grade. The spent fuel pool 1is 66' x 125' and
will accommodafe approximately three years of spént fuel. The pools are
lined with % inch thick Type 304 austenitic staihless steel plate. Tbﬁs

plate forms a watertight membrane for the pools.
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The floor slabs are cast-in-place concrete over metal deck and supported on
steel framing. The roof slab is cast-in-place concrete over metal deck,

covered with a roofing membrane and supported on steel framing.

Design of the structure is in accordance with the ACI Standard 349-76 en-
titled '"Code Requirements for Nuclear Safety Related Structures”. Supple-
mentary design is in accordance with the ACI Standard 318-71 entitled,

"Building Code Require@ents for Reinforced Concrete'".
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3.3.6. PENETRATION BUILDING

3.3.6.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions

The Penetration Building provides a structure to house. and protect the main
gteah isolation and relief valvés and the'safety-related,vaives of the
steamAgenerator~feedwater 1ines: It also houses the isolation valves of the
chemical processing feed and return piping. The protection afforded by this
building is from normal and abnormal environmental conditions and externally

generated missiles.

Design Requireménts

The Penetration‘Buildihg is designed to afford protection and separation of"
the main steam and steam generator feedwater pipei and valﬁes: It is de-
signed to withstand the pressure transient in the event of a double-ended.

steam line break.

The. Penetration Building provides support, protection; and separation from
the main. steam and feedwater lines for the chemical processing system piping

and valves.

3.3.6.2 DESIGN REQUIREMENTS
The Penetration Building houses the main steam and feedwater piping and

valves, and portions of the: chemical processing system: piping add valyves.

The building is a seismic Category I structure comnstructed from reinforced
concrete. It is on a common foundation mat withéthe containment. The
building shares.a common wall with the containment on one side- and has: two--

foot thick walls on the other three sides and on-the roof.
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The penetration building measures 183 ft long, 50 ft wide from outside of
containment wall to edge of turbine buildiﬁg, and is 60 ft high. Entry to
the main steam and boiler feedwater lines and valvés 1s provided by doors
through the separation walls in the building. Stairwells are provided in
the building for access to any level. Doors into the Penetration building
.and doors through separation walls are of the bulk ﬁead type designed to

withstand the differential pressure loads without plastic deformation.

The main steam and steam generator feedwater lines are separated from the
-chemical processing system components by reinforced concrete walls. The
area containing the main stéam,pip;ng includes the power operated relief
valves and safety relief valves. The relief valves ﬁre providgd with vent

stacks that permit the steam to exit to the environment.
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3.3.7 PIPE TUNNELS '

3.3.7.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions
Pipe tunnels are designed to provide protection for all plant piping between

structures.

Design Requirements .

The pipe tunnels are reinforced concrete box type' structures. Where the
pipe in the tunnel is Seismic Catégory I the tumnel is also designed to be

Seismic Category I.

3.3.7:2 DESIGN REQUIREMENTS

.Pipe tunnels are reinforced Eoncreté st;uctures eight ft. wide ten ft. high’
and founded at various elevations. Where pipe tunnels exteﬁd beneath a:
building, the bottom -floor of the building serves as the roof of~the.tunhel.
In other areas the roof is cast in place- concrete over.metal deck and sup-

ported on steel framing.
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3.3.8 SERVICE AND ADMINISTRATION BUILDING

3.3.8.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions
The Service and Administration Building houses the general offices, confer-
ence rooms, auxiliary steah boiler plant, storage and warehousing, labora-

tories, machine shop, small shops, lockers and change rooms, and toilets.

Design Requirements

The Service and Administration Building has no safety or protection design

requirements.

3.3.8.2 DESIGN DESCRIPTION

The design of the Service and Administration Building provides a central lo-
cation to conduct administrative routines for the successful operation of
the power plant. In addition, this building houses the records that must
be retained, by law, for the operating life of the plant. The offices and

record storage rooms are on the second floor of this two-story structure.

On the ground floor is the auxiliary steam boiler plant, a ma jor-repair ma-
chine shop, small specialty shops, and warehousing space. Replacement parts
and components, necessary for the continued operation of the plant, are

stored in the warehouse section.

This is a two story structural steel framed structure 176 feet wide, 270

feet 1ong,vand 38 feet high. The structure is supported .on reinforced con-
crete spread footings on réck. The reinforced concrete ground floor is lo-
cated at grade. The intermediate floor is reinforced concrete supported on

a metal deck on steel framing. The roof is concrete channel plank covered
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with a roofing membrane.. The exterior walls are insulated metal siding, and
the interior walls are either concrete block or metal partifions. Most
areas are provided with suspended acoustical ceilings. A 20-ton crane is
provided to service.the machine shop, and suitable hoists are provided in

the small shops.

A HVAC system is provided to maintain environﬁental conditioﬁs of normally
occupied spaces within the prescribed coqurt zone and ensure that tempera-
Eures and humidity in other areas are suitable for material storage and
equipment operation. Heating and air conditioning is provided by fan cooler
heating units located throughout the building. Supply air is heated by
steam preheaters and hot watér coils in the supply air un;ts._tHot water and
chilled. water for the fan cooler/hgating units are supplied from cgntral hot
water heating system; and ;efrigefated chilled water systems. Steam for
preheating. supply a;r to the building is supplied by the auxiliary boiler

J

system. The HVAC machinery room is located on the roof of the structure..
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3.3.9 ACCESS BUILDING

3.3.9.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions
The Access Building (AB) shall provide further facilities for controlling

personnel access to the restricted areas of the plant.

Design Requirements

The AB shall provide adequate locker room space for the plant population.

Space shall be provided for nbrmally clean and contaminated personnel.

The AB shall provide a health physics checkpoint to monitor personnel leav-
ing potentially radioactive areas and assure proper cleanup measures are

taken before leaving the area.

3.3.9.2 DESIGN DESCRIPTION

The Access Building is a non-seismic Category I structure. The AB is a two
story framed.Struéture approximately 80 feet wide, 100 feet long and 50 feet
high. The AB is éupported on reinforced concrete spread footings on soil
with a refnforced concrete ground floor at grade. The building volume is
approximately 400,000 cubic feet. fhe roof is concrete plank covered with

a roofing membrane. The extérior walls are insulated metal siding and the

interior walls are concrete block.

All personnel entering restricted plant areas must pass.thrbugh the health
physics checkpoint. Upon leaving, personnel must again pass through the
health physics station, and if contaminated, men enter the RCA locker room

directly and women enter across the hall.
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3.3.10 PLANT SECURITY BUILDING

3.3.10.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions

The purpose of the plant Security Building is to provide a controlled means
of preventing illicit passage into the protected area of the plant and
carrying objects such as firearms, explosives, and incendiary devices which
could aid in indust¥ial sabotage to the facility or in the theft of speeial

nuclear_material.

Design Requirements

The plant Security Building provides a physicel barrier to all sections of
the plant as well as a central location for monitoring the security of re-

stricted areas and the plant grounds in general.

3.3.10.2 DESCRIPTIONS

The Plant Security Building is a 63 ft by 53 ft 6 inch building 1ocated at
the perimeter fence of the main plant structures. Personnel to or'from the
main plant must pass through the Security Building and its associated
security systems before entering the plant structures where radioactive ma-
terials are stored. The plant security system is monitored and operated
from the security building. A separate emergency diesel-generator is pro-‘
vided of sufficient capacity to provide security lighting of the plant site

and for the monitoring and alarm systems.
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3.3.11 FIRE WATER PUMP HOUSE

3.3.11.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions
The Fire Water Pump House is provided to house the fire protection pumps

that furnished water through the entire plant area.

Design Requirements’
The structure provides support and weather protection for the fire protec-

tidn pumps, piping, valves, and controls.:

3.3.11.2 DESIGN DESCRIPTION

The Fire Pump House is a non-seismic Category I single story steel frame
strﬁcture 28.feet wide, 76 feet long, and 17 feet high. The structure is
supported on reinforced corcrete spread footings.‘ The ground floor is lo-
cated at grade and is a.reinforced concrete slab. The structure has insu-~
-lated built-up roofing on metal deck supported on structural steel 'and the

exterior walls are insulated metal siding.

Two foundations for 500,000 gallon fire-protection water storage tanks are
located near the Fire Pump House. The area within the ring wall has a com-

pleted sand fill bed to properly support the bottom plates of the tanks.
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3.3.12 HOLDING POND

3.3.12.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions

The Holding Pond collects effluents from non-radioactive plant drains.

Design Requirements

The holding pond is sized to collect the effluent and hold for a sufficient
length of time, and treat if necessary, prior to disposal from the plant

area.

3.3.12.2 DESIGN DESCRIPTIONS
The holding poﬁd is a non-seismic Category I reinforced concrete basin. It

is located near the point where itlwill be discharged from the plant area.

The foundation‘of the basin is two feet thick and founded approximately 8
feet below grade. The basin is 80 feet square and eight feet deep. Walls
of the basin are one-foot thick. Volume of the basin 1is approximately

51,000 cubic feet.
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3.4 NUCLEAR STEAM SUPPLY SYSTEM

The Nucleér Steaﬁ Supply System (NSSS).for the Pebble Bed Reactor Plant is
designed for a dual function, namely:
© Produce steam for generating electricity,
o Reform a mixture of steam and methane to be supplied by pipeline to
remote users that will methanate the process gas for their source of

process heat applications.

'

The Pebble Bed Reactor is a high-temperature helium cooled reactor utilizing
enriched uranium fuel encased in spheres of gréphite and other coatingé.
Fuel is fed to and withdrawn from the reactor core on an almost continuous

schedule for on-line refueling.

The PBR is contained in aipost-tension concrete reactor vessel which, in
turn, is supported on a concretg pedestal and ring wall. Walls of the reac-
~ tor cavities are lined with water-cooled alloy-stéel liners plus insulation
ana another alloy-steél'liner cover over the insulation. Major components
contained in’the PCRV are:
o Graphite reflector with cast-metal support.
o Six steam generafors.
o Six eleétric motor driven cdélant circulators comélete with flow
control valve.
0 Four After-Heat-Removal heat exchangers.
o Four Affer-Heat-Removal coolant circulators complete with control
valves.

o Six steam reformers.

0 Six steam thermal recuperators.
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o Control rod assemblies and drives.
0 In-core instrumentation. -

o Fuel inlet and discharge piping.

The 'reactor and its components are designed for operating conditions of 580

psia helium coolant at 1740°F.

A conceptual description of the on-line refueling of the reactor is de-
scribed in another portion of this report. There are a total of 42 iplets
and .12 outlets in the PCRV designed for an anmular core. A cylindrical core
would be provided with 43 inlet and 6dout1et connections fdr the on-line

refuéling.

The heat-exchanger equipment is designed so all wéter, steam, and process
gas piping connections-are at ;he bottom of the PCRV., AThe PCRV support ring
contains elongated openingsAthrough which theipiping is routed to contain-
ment penetrations. Another'elohgated opening is provided in the ring wall
support to provide a path through which the spent fuel transporter may'bass

and into an airlock.

The PCRV is provided with instrumentation to provide monitoring of the load
conditions in the radial pretensioning material and the vertical pretension-
ing cables to assure that each element is carrying its load. Other instru-
mentation is provided to monitor for water in-leakage to the core and for
aﬁy possible leakage in the double-walled tgbing used in the steam-methane

reformers.
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Design details of the reactor and its associated components and installed
equipment will be provided by the General Electric Company, Advanced Reactor

Systems Depértment, Sunnyvale, California.
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3.5 ENGINEERED SAFEGUARDS SYSTEM FEATURES

The following systems comprise the Engineered Safety Systems:
o Containment Air Purification and Cleanup Syétéms
o Containment Isolation. System
o ACombustible Gas Control System
o After Heat Removal Cooling Water System

o Control Room Habitability System

These systems are provided to mitigate the consequences of unlikely postu-

lated accidents. Each of the above systems are described herein after:

Containment Air Purification and Cleanup System

This consists of a cleanup filter system, containment purge system, and a
.containment recirculating filter system. These are used during normal plant

operation: for maintaining the containment in a habitable condition.

Containment Isolation-System

Isolation valves are provided on allApiping:that penetrates the containment
to.establish or maintain. isolation of the containmgnt atmosphere from-enter-
ing the'outéide environs during.an emergency. The valves will be positioned
to either-isolate non-essential systems or will open for those systems fhat

must perform a function.

Combustible Gas Control System

This system is provided to prevent the accgmuiation of hydrogen from reach-
ing combustible concentrations in the containment following a leakage of.hy-
drogen from the steam-methane reformer and its associated transport piping

system.
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After Heat Removal System

This system 1is provided to remove decay heat energy from the reactor fuel
dﬁring shutdown, maintenance and accident conditions;' During normal oper-
vation and emergency conditions, the air-cooled heat exchangers are used to

cool water supplied to the heat exchangers located in the PCRV.

Control Room Habitability System
This system is provided to assure accessibility to the main. control room and

secondary control room during and following the.occurrence of postulated

accidents.
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3.5.1 CONTAINMENT AIR PURIFICATION AND CLEANUP SYSTEMS

3.5.1.1 ' FUNCTIONS AND. DESIGN REQUIREMENTS

Functions A

The Containment Alr Purification and Cleanup System is used to maintain the
levels of activity within safe working’limits in the containment during nor-

mal operation.

Design Requirements

During normal reactor operation the reactor cooiant leakage inside the con-
tainment can result in a significant buildup of fission producfs. The level
of activity must be maintained within safe working limits.for personnel ac-
cess for inspection and maintenance. This safe level is achieved by
periodic filtering and purging of the containment atmosphere to reduce

radioactive concentrations and remove the iodine contained therein.

" The containment purge system, together with the recirculation filter system,
is designed to reduce the containment airborne activity levels below the

permissible levels within 16 hours following a reactor shutdown.

These systems are not safety related but are designed to seismic Category I

structural requirements.

3.5.1.2 SYSTEM DESCRIPTION

The containment system has different systems for air cleaning, each désigned
to meet a specific mode of operation.

o Cleanup filter system

0 Containment purge system

o Containment reciréulating filter system -

3-36



The three systems are designed for normal plant operafion;

Cleanup Filter System

This system is designed to ventilate and to filter air from selected poten-
tially radioactive areas within the containment. When an enclosure area is
isolated, the air therein is not filtered. HEPA and treated charcoal are

used for the filter media.

The system is designed to reduce airborne concentrations of particulates and
iodine to less than one-percent of inlet concentrations. Redundant exhaust
fans and dampers are provided to ensure that at least one fan is available

during cleanup operations.

Containment Purge System

This system is provided for periodic purging with filtering of the purge’
stream for iodine reﬁoval. This system in conjunction with the containment
recirculation filter system i{s designed to reduce the containment airborne
activity level to below the allowable permittedbby Appendix B,‘Table 1,
Column 1, of 10 CFR Part 20 within_16 hours following reactor shutdown.
This‘assumes that no purging or recirculation filtering of containment air

is initiated prior to reactor shutdown.

The purge system consists of a purge supply and a purge exhaust system. The
purge supply system passes outside air through roughing filters, steam heat-
ing coils to teﬁper the air in the winter season, supply air fan and a

ducted distribution system.
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The pre-entry purge exhaust system has pre-filters, BEPA filters, and im-
pregnated'charcoél filters for removal of iodine. The air is then ex-

‘hausted to the primary vent stack.

Containment Recirqu}ating Filter System

The containment recirculatiqg filter system is designed to.remove iodine
from the containment atmosbhere during normal plant operations to limit the
iodine concentrations and exposﬁre to plant operating personnel duringilim-
jted access to the containment. The system is also designed to rapidly re-
duce the iodine concentrations after reacFor shutdown to permit personnel

access for inspection and maintenance operations.

The components of the‘air filtration portion of the containment recirculat-
ing air filter system are required only during normal plant operations. Tﬁe
remainder of thé system is required for air mixing qf the containment atmos-
phere during post-despressurization conditions. All components of the sys~-
tem are designed to seismic Category I‘requirements and the air handling

components, with the exception of the filters; are qualified to perférm un-

der depressurization conditions.

3-38



3.5.2 "CONTAINMENT ISOLATION SYSTEM

3.5.2.1 FUNCTIONS AND DESIGN REQUIREMENTS

The Containment Isolation Systems establish and/or maintain isolation of the
containment from the outside environment to prevent release of radioactive
- material, and ensure that the public is protected to the extent of not ex-

ceeding the requirements of 10 CFR 100 under adverse conditions.

Design Requirements

Each piping system penetrating the containment must be designed, considering
that the system must be designed for the process requirements and be de-
signed for the containment isolation requirements, for thé most adverse of

the design and opefating requirements.

The isolation valves of each system are required to be propérly positioned,
i.e. either opened or closed, automatically upon receiving an initiatihg
signal caused by either a ?CRV depré¢ssurization, main steam line break, or

chemical process pipe break.

In general, double barrier protection is provided for all lines that pene-
trate containment. A barrier may consist of a valve, a closed system, or a

diaphragm dependingion its location and applicétion.

3.5.2.2  SYSTEM DESCRIPTION

Containmen£ isolation valves are located in process lines to the require-
ments of Appéndix A of 10 CFR 50, Criteria 55, 56, and 57. Criteria 51, 52,
and 53 requirements are incorporated into the containment isolation system

materials and testing used in the components.
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Containmént isolation valves are provided with actuafion.and controi com-
ponents appropriate to the type of valve. Globe and diaphragm valves are
normally furnished with air diaphragm operators designed to fail tb the safe
‘position on loss of control air pressure. Gate valves are fitted with motor
operated componen;s-and are powered from emergeqcy electrical buses. Motor
operated valves fail in the "as-is" position. No manual operation is re-

quired for immediate containment isolation.

Containment isolation valves, actuators, and controls are protected against
missiles, including those caused during a PCRV depressurization. ‘Main steam
isolation valves, pressure and safety relief valves, and boiler .feedwater

isolation valves are located in a seismic Category I Penetration Building.

Only isolation valves located inside containment are subject to high-pres-
sure, high-temperature steam or hclium atmosphere resulting from an acci-’
dent. Qperability of these valves are assured by design and qualification

tests.
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3.5.3 COMBUSTIBLE GAS CONIRO1, SYSTEM

3.5.3.1 FUNCTIONS AND DESTGN REQUI REMENTS

Functions

The Combustible Gas Control System (8 provided to prevent the accumulation
of hydrogen from reachiﬁg combustible concentratlons in the containment fol-
lowing a release of hydfogcn Frow the heat pipe system. Hydrogen may accumu-

late in the containment as a result of:
o Leakage from the steam-methane refovmer.

o Leakage from heat-pipe plpe broak.

Design Requirements

The system is designed to maintain the hydrogen concentration in the con-
tainment to below 4.0 volume percent (4.0 v/o0), which is the lower

flammability limit in air.

3.5.3.2 SYSTEM DESCRIPTION

The primary means of hydrogen control is provided by a hydrogen recombiner.
A dilution and purge system is also provided as a backup hydrogen control

feature.

The recombiner is designed to start operating when required. Initiating re-
combiner operation at this time limits the maximum hydrogen concentration to
2.0 v/o. 1If reéombiner operation fails, then periodic sampling of the con-
tainment atﬁosphere is initiated. Dilution and purging of the containment

is performed to limit the hydrogen concentration to below 4.0 v/o.

The recombiner is located in a seismic Category I structure adjacent to the

containment. The recombiner takes the air from the containment, removes the
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hydrogen via a catalyst bed, and returns hydrogen-free air to the contain-
ment. The recombiner is skid mounted and is provided from the emergency

eiectric buses.

The purge system consists of a flow meter,_throttle valve, and associated
‘piping. The piping downstream of the flow meter enters the emergency ex-
haust filters located within the containment and providgs a direct path to
the plant vent. Components and piping upstream of the filter are in accord-
ance with seismic Category I requirements. All pressure components up-
stream of the filter are designed to ASME B&PV Code, Section III, Class 2

requirements-.

Mixing of the containment air is provided by the redundant fans in the con-

tainment recirculation filter system.

Containment isolation is provided by locked closed valves outside of the
containment and either check valves or-electric solenoid operated valves. in-
side the containment. The solenoid valves are normally open and are ener-

gized to close to provide a fail-safe feature.

Additional analysis of hydrogen evolution during normal operations may éin
tate the use of containment inerting. An inert atmosphere may also be_%e—~
quired after an analysis based on the quanti;y of hydrogen that cbuld be re-
leased on the basis of a spectrum of pipe breaks and the free containment

volume.
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3.5.4 AFTER HEAT REMOVAL COOLING WATER SYSTEM

3.5.4.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions
The After Heat Removal Cooling Water System (AHRCWS) shall circulate water
through the After Heat Removal Heat Exchénger (AHRHE) to remove stored and

decay heat from the primary coolant and reject this heat to the atmosphere.

Design Requirements

The AHRCWS shall consist of four (4) independent cooling water .loops. Each

loop shall provide 50% heat removal capability for the reactor.

The AHRCWS is a Safety Class 2 system inside the containment and Safety
Class 3 outside containment and shall be designed to ASME Section IIT
Class 2 and 3 requirements respectively. The system shall be designed to

seismic Category I requirements.

The AHRCWS shéll remove the design. AHRHE heat loads for all plant operating
conditions and provide adequate'cooling of the reactor core and its

structures.
The AHRCWS shall use an air blast heat exchanger for ultimate heat rejection.
A design pressure rating of 1900 psig is required.

3.5.4.2  SYSTEM DESCRIPTION

The AHRCWS consists of four (4) redundant independent loops. Ea;h loop con;
sists of tw; (2) 100% pumps for normal operation, two (2) 100% pumps for
emergency operation, one (1) 100% air blast heat eﬁchanger, pressurizer tank,
and the associafed piping, valves and controls necessary to perform the re-

quired functions.
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The AHRCWS has two (2) discreet modes of operation, defined as "Nérmal" and
"Emergency' modes of operation. The Normal mode of operation of the AHRCWS
corresponds to normél plant operation where the pumps for normal operation
are used to circulate approximately 290 gpm of cooling water to the AHRHE to
maintain AHRHE temperatures within design limits. During Emergency (or ex-
tend plant outages) followipg;eﬁents causing loss of maiﬁ loop cooling modes
of operation the emergency AHRCW ﬁump éirchlates 1354 gph of cooling water

to the AHRHE for reactor decay heat removal.

The AHRCWS préssurizer tank is used to provide the required AHRCWS pressure

to insure a minimum sub-cooled enthalpy margin at the outlet of the AHRHE,

The .air blast cooling tower fans are high velocity fans with.bropeller
blades. During the winter-months; the fan blading may be positioned so that
little or no air flow is permitted over the tube bundles. Proper fan blade
and exhaust damper positioning will 1limit the air flow in the tube bundle to

provide adequate freeze protection of the tube bundle.

The AHRCWS has a chemical control package to provide proper quality of water
in the ‘system. The chemical control package is Non-Nuclear Safety and will
be isolated from the AHRCWS by automatic isolation valves by high flow in

the chemical package.
Demineralized water will provide normal system make-up.

The components and equipment of the AHRCWS are housed in seismic Category I
Ultimate Heat Sink structures. The air blast cooling tower structure is de-
signed for both vertical and -horizontal missile protection of the fans and

heat exchanger.
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3.5.5 CONTROL ROOM HABITABILITY SYSTEM

3.5.5.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions

The Control Room_Habitability Syspem is provided to assure accessibility and
'habitabili;y-of the main control room and éecondary‘control room subsequent
to the occurrence of postdlated accidents resulting in release of fission

products or hazardous chemical releases such as chlorine.

3.5.5.2  SYSTEM DESCRIPTION

The control room complex has a recirculating air system consisting of two"
air handling units, two independent refrigeration machines, and two indepen-
dent air cooled condensers. Each éir handling unit and its associated re-
frigeration equipment is sized to meet the normal andvthe.design emefgency

conditions.

During normal operations, at least 30 cubic feet pér minute of filtered out-
side air is provided for ea;ﬁ occupant, and the air is then exhausted ffom
the system. Ihé control room cémplex is maintained at a positive pressure
with respect to the outside environs by static pressure controls which limit
the amount of air discharged from the system and building. ‘Recirculated air
and outside air is filtered prior to cooling and'flowing into the control

room complex.

The control room is supplied with conditioned air through a sheet metal duct
system that is supported with seismic Category I supports. Air is distribu-
ted through diffusers as necessary to maintain design room temperature. Re-

turn air is drawn through return air registers .in the plenum above the
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ceiling. The return ai;, togefher with the makeup Qentilation air, flows

through the air conditioning unit for recirculation.

The control room air cooling system consists of two 100 percent redundant
trains. One train is supplied electric power from the train A emergency bus

and the other from train B emergency bus.

The design basis of the cooling system for normal operation and for emer-
gency operation is to maintain the control room at 75°F when the outside air

is 88°F or less and supplying the control room with 1100 cfm of outside air.

The control room air cooling system is designed and qualified to seismic
Category I requirements and to ASME B&PV Code,. Section III, Class 3 for

pressure boundary components of the systems.

The cable spreading rooms below and above the control room are ventilated
with filtered outside air during the summer months. The ventilation system

consists of a supply fan, return fan, and sheet metal ducts.

The emergency switchgear are;s are ventilated in the summer with filtered
outside -air. Each ventilating system has redundant supély and return air
fans, and sheet metal duct. The battery roomg have redundant exhaust fins,
supply. and_éxhaust sheet metal ducts. Battery rooms are maintained at a
negatiye'pressure to prevent any hydrogen gengrated by the battéries from

infiltrating the emergency switchgear areas.

The control room complex emergency cleanup filter system consists of a fil-
ter train with redundant fans.  The filters consists of a roughing filter,

HEPAVfilter, and an impregnated charcoal filter. . Redundant, remotely
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located, seismic Category I air intakes are provided for emergency control

room operations.

The control room is provided with toxic chemicals detection equipment. On
detecting a toxic substance, the fresh air intakes will automatically close

and the emergency cleanup system will be placed in operation.

The control room is provided with radiation detectors that will sound an

alarm if the level increases to a set point.
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3.6 AUXILIARY SYSTEMS

The auxiliary systems of the PBR plant include fuel storage and handliﬁg,

water systems, process auxiliaries, HVAC and other auxiliaries.

lA description of the various auxiliary systems is provided in the following
System Design Descriptions.

o Fuel Handling, Distribution, and Storagé System

o vSpent Fuel Storage Pool Cooling and  Cleanup Systeim

o Helium Purification System

o Liquid Nitrogen System

o Helium Storage System

o Nuclear Service Water System

o' Reactor Plant Cooling Water System

o PCRV Cooling Water System

o After Heat Removal Circulator Services Systém:

o Compressed Air System

o Heating, Ventilation, and Air Conditjoning: System

0 Fire Protection System

0 Auxiliary Steam System

o Standby Power Supply and Auxiliaries
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3.6.1 FUEL HANDLING, DISTRIBUTION, AND STORAGE SYSTEM

3.6.1.1 FUNCTIONS AND DESIGN REQUIREMENTS

Funétions .
The Fﬁel Handling, Distribution and Storage System consists of the following
ma jor §ubsystems:'
| 0 New fuel storage
o New fuel transport sysfém
o New fuel distribution system
o Spent fuel collection system
o Spent fuel transport system

o Spent fuel storage

The - integrated system provides a means for the continuous on-line refueling’l
of the Pebble Bed Reactor. Means are provided to store new fuel, distribute
new  fuel to the reactor bed, remove spent fuel, and store the spent fuel in

a storage‘pool.

Design Reqﬁirements

The integrated Fuel Handling, Distribution, and Storage System.is a semi-
automatic remote-operated system designed to permit the reactor to operate
continuously with on-line refueling. The system and its subsystems are de-

signed to provide the following fuel handling capacifies:

Feeding system capacity 2900 pebbles per hour
Fuel féed and removal per shift 2600 pebbles

Number of shifts per day 1

Duration of shift 1.5 hours
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New fuel storage, transport, and distribution subsystems are located above the
PCRV and structural supports for the components are anchored to the top face
of the PCRV. The structure and components are designed to seismic Category I

requirements.

New fuel storage is located on the top floor of the reactor service and fuel
handling building. The fuel is transported from the loading platform near

ground level to the upper floor by means of an elevator.

Spent fuel is removed from the bottom of the PCRV, intact and damaged fuel
pebbies are separated and stored in segregated containers, and allowed to

cool-down for a period of eight days prior to removal from the containment.

A spent fuel transporter and container are provided to remove the spent fuel
from- the containment. The spent fuel container transfers the. fuel to final
storage. containers which are sealed and filled with helium. This operation

takes place in a shielded enclosure.

After the spent fuel is loaaed into its storage container, it is moved through
a transfer‘cénal and loaded.into its predetermined position in the speht fuel
storage pool. The spent fuel may be loaded: into- casks after approximately
one-year storage for shipment to an independent spent fuel storage faqiiity or

to an away from reactor facility.

The spent fuel removal, transport, and storage subsystems are designed to

seismic Category I requirements.

The entire fuel management operation is performed remotely and all areas of
the reactor plant are provided with close-circuit television and/or observa-

tion windows to enable the operators to view each phase of the operation.
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During all phases of fuel handling, a helium atmospheré is provided to the

fuel to preclude it coming in contact with air or other deleterious material.

The new fuel distribution system and the spent fuel ;emoval system is designed
for a maximum pressure of 1400 psig. Design pressure for the new fuel trans-A
'porter container and the spent fuel transporter container is 30 psig. Appro-
priate valves are furnished to prevent overpressurizing the transporter con-
tainers. Overpressure safety relief valves are provided at appropriate loca-

tions in the new fuel distribution and spent fuel removal subsystems piping.

" All pressure boundary components are designed in accordance with the require-

ments of the ASME B&PV Code, Section III, for Class 1 or 3, as appropriate.

3.6.1.1 DESIGN DESCRIPTION

The design description for the Fuel Handling, Distribution, and Storage System
describes the six major subsystems which forms an integral part of the con-
tinuous, on-iine fuel management for the PBR nuclear power plant. This par-
ticular design is related to the 3000 MWt General Electric Company annular

core Pebble Bed Reactor.

Features of this deéign includes a new fuel distribution system located above
the top head of the PCRV. New fuel is placed in three storage containers

. which are provided with distribution piping to deposit new fuel pebble to

43 predetermined positions of the reactor fuel bed. The piping system con-
tains pebble feeder valves, pebblé counters, isolation valves, safety relief

valves, and necessary structural supports.

Spent fuel is collected from 12 positions of the fuel bed and is directed to

spent fuel intermediary containers. The spent fuel collection system piping
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contains pebble feed mechanisms, counters, and a mechanism to separate the

damaged spent fuel pellets'from the whole pellets.

New Fuel Storage and lLoading

Storage containers located .on the top floor of the Reactor Service and Fuel
Handling '‘Building are provided to storc a minimum of one-year supply (approx-

imately one-million pebbles).

Fuel will be shipped to the site in pressure tigh; containers haVing a heligm
gas blanket. These containérs will be transportedito the upper floor by means
of an elevator. Unloading of the containers will be designed to include isola;
tion valves, feeder mechanisms, and new fuel pebble counters. Receiét of the
new fuel and counting the pebbles as they are unloaded into the storage con-
tainer is the initiation of the fuel accountgbility system. The storage,
'loading, unloading, and final storage of each pgbble is accounted for, including

‘its position in the reactor bed, during its lifetime.

An air lock is provided between the reactor containment and the Reactor Service
and Fuel Handling Building in the area of the top floor. The air lock is
provided with remote operated doors and with track. During loading operé- :

" tiomns, a motorized remote-operated cart is positioned inside the air-lock.

A vertical new fuel transport container is attached to the cart (or trans-
porter) to convey the fuel to fuel distribution containers located over the
PCRV. This transport container is designed for 30 psig preséure and contéins

a top inlet nozéle and a bottom outlet nozzle. These nozzles are fitted with
solenoid operated gate valves and with mechanical motor-driven mechanisms to
engage'either the new fuel inlet filling pipe from the fuel storage bin, or to

the inlet nozzle of any of the new fuel distribution containers.
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A connection on both the new fuel inlet filling pipe or the newAfuel distribu-
tion container, pipe nozzle neck will be used to test the leak tightness of

the jqint between the transport container by pumping the volume contained be-
tween shut-off valves on the transport container nozzles and the valves lo-
cated on the new fuel filling pipe or the fuel distribution container. 1If thé
comection leakage is within thevspecified leak raté, the valve on the trans-
port contailner and the valve on either the filling pipe or distribution con-
tainer to either fill or empty the transport container. After the fiiling or
emptying operation, the valves will be closed and the volume between the valves
will be pumped down to a specified vacuum. The exhaust air will be pumped to

the gaseous radwaste management- system.

The new fuel transport container will be designed in accordance with the ASME
B&PV Code, Section III, for Class 3 components. Six-inch nominal inlet and

outlet noizles will be furnished with the container.

The motorized transporter cart will be equipped with flanged Qheels and will
travgl over a steel rail. One rail will be machined with a cog rail. The
drive for the cart will have 4 gear which engages the cog rail to ensure posi-
tive traction of the cart. In order ﬁo prevent thé cart from being overturned
during a seismic event, the.cart will be fitted wifh solenoid'operatedVclamés.
During normal operation the clamps will ride under a portion of the rail and
will have sufficient clearance so as not to'interfere with the cart's move-
ment but, at the same time, will prevent the carf from tipping over. The
solenoids will be activated to positively clamp the cart to the rails during

new fuel loading or unloading operations.
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The ca;t drive»wili be equipped with a reversing motor that will be energized
from the rails carrying the electricity. Raills will be furnished that will
allow the transporter cart to travel from.;he air-lock to any of the three
néw-fuel distribution containers. A portion of the rail will be hinged and
power-opergted to provide clearance for the air-lock door when it is in the"

" closed position.

The air lock door will be equipped with a series of mechanisms: one for
locking and unlocking the doér;'one for moving the door away from the flange
of the aif lock to prevent damaging the flanged surfaces and gaskets; and one
for raising and lowering the door to permit the trénsporter cart to move into
and'out of the air lock. The air lock gasketed joint will be tested after

each use‘of the door.

'The transporter cart will be equipped with closed-circuit television cameras
used for guidance and positioning of the cart, and for observing the operation
of the remote operation of the mechanism for connecting to the other equipment -

- nozzle connections.

NEW FUEL DISTRIBUTION SYSTEM

The new fuel distribution, supported by strucéureé above the top of the PCRV,
consists of three separate similar subsy;tems. One subsystem distribufes new
fuel to the outer regions of the core and two subsystems distribﬁte fuel to
the center region of the reactor core. Fuel will be fed to 43 locations in
thé core, Each of the subsystems contain the following components:

o New fuel container

o New fuel primary distribution mechanisms

‘0 Secondary fuel distribution mechanisms
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dislodge a fuel pebble in the unlikely event it should become stuck in a

portion of the system.

Closed-circuit television cameras are provided at various locations to ob-

serve various areas of interest of the new fuel distribution system.

o New Fuel’Container

The new fuel container has a capacity to store 3000 new fuel pebbles.
Pebbles are loaded into the container from the new fuel transport con-
‘tainer that travels from the new fuel storage area in the Reactor Service
and Fuel Handling Building into the Containment on a motorized transpor-
ter cart. The container is designed for 1400 psi pressure and is pro-
-vided with a tight shut-off valve and a device to clamp on to the fuel
transport container. A positive helium atmosphere will be maintained at

all times in the primary fuel container.

The container is a vertical vessel having>a diameter of 48 inches with a
6';0" straight side. It will be fitted with hemispherical heads and
nominal 6-inch piée inlet and outlet connections. Material selected will
be cémpatible with the brocess materials and environment in the system

and containment.

o New Fuel Distribution Mechanism

A new fuel distribution mechanism is furnished with each of the subsys-_
tems to further distribute the fuel to the proper secondary distribution
system. This mechanism consists of a rotating plug having a recess
shaped to contain one new fuel pebble. It will be rotated by a motor

drive to locate the fuel at the proper transport pipe.
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The mechanism, drive, and controls will be housed‘in an alloy steel pres-
sure container. Access to the internals is through a bolted-on cover

plate. All pressure boundary portions of the housing will be constructed in
accordance with the ASME B&PV Code, Section III, Sﬁbsectioﬁ'NB for Cléss 1

components.

New Fuel Pebble Counter

The new fuel pebble counter is located at the outlet of the new fuel pres-
sure container and on each of the feeder pipe lines distributing fuel into
the PCRV. Counters are provided to account for each fuel pebble fed into the

reactor.

The counter consists of a free-turning four-vaned wheel that will be per-
mitted to turn a quarter of a revolution for a nmew fuel pebble to pass.
This turning motion will activate an electrical contact which in turn will

activate a digital counter.

An alloy éteelrhousing is .provided to contain the vaned-wheel, notched disc,
electrical contact, and shaft bearings. Access to the internals will be
through a bolted-on cover plate. All pressure boundary portions of the
housing will be constructed in accordance with the ASME B&PV Code, Section

III, Subsection NB for Class 1 components.

Secondary Container and Distribution Mechanism

Seven secondary containers with integral distribution mechanisms are pro-
vided for the final distribﬁtion of the new fuél pebbles_td the reactor
core. TFour of the secondary systems are provided for the primary distribu-
tion system feeding fuel to the outer regions of the core. Three of the

secondary systems are furnished to share the distribution from the two

3-56



primary systems feeding fuel to the central portion of the reactor core.
Each of the secondary distribution systems are provided with six outlet
distribution piping systems to distribute the fuel to a specific location

within the reactor core.

The distribution,méchanism consists of two concentric discs rotating on 4
common center. The lower disc is used to rotaté a feeder hole to the cor-
rect orientation thfough which tﬁe fuel will pass to the desired transport
pipe. The ﬁpper disc is provided with a hole sized to contain a new fuel
pebble. This upper disc is rotated to its unloading position over the pre-
oriented hole in the lower disc. After accomplishing its .objective of |
transferring the fuel pebble to the lower disc and thereafter to the proper
transport pipe, the upper disc will return to the oriented position where

it can pick up another fuel pebble.

The new fﬁel positioning mechéﬁism, its drives, inlet pipe,'and six outlet
pipes are cbntainéd in an alloy steel pressure container. Access to the
internals is through a bolted-on cover plate.’ All pressure boundary por- -
tions of the housihg will be constructed in accor&ange with.the ASME B&PV
Code, Section III, Subsection NB for Class 1 components. A conceptual de-

sign of the distribution mechanism is shown on Figure 3.6.1-2.
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SPENT FUEL COLLECTION SYSTEM

The spent fuel collection system, supported by structures under the botfom head
of the PCRV, cbnsists of six identical»subsysfems for the Cylindrical PBR Core
design or twelve identical subsystems for the Annular PBR Core design. Each
subsystem collects spent fuel from the bottom of the reactor core. The sub-
systems contain the fbllowing cémponents.

o Spent fuel exit pipe with distributor mechanism.

o Spent fuel dischargeApipg system.

o Spent fuel element separator.

o Spent fuel collection container and damaged fuel collection container.

Figure 3.6.1-3 depicts a schematic arrangement of the conéeptual design for fhe
speﬁt fuel collection system. Flow of spent fuei from the reactor core pasées
through a distribution mechanism ("SEVERALIZER") to assure thaf only one fuel -
pebble will be fed through the discharge ﬁipe at one time. Frém the seyéralizer
the fuel flows through a discharge pipe to a spent fuel element sephrator.

The discharge piping. contains a safety valve, repair Qalve; and two isolation

.valves.

The spent fuel element separator contains a métor drivén helicél screw which
carries a fuel pebble along a pair §f %arallel bars.. These baés are spaced
with a clear opening of 5.65 cm. Shoﬁld the fuel pebble be damaged and
measure 5.65 cm or smaller, it will fall through the bar opening thrbugh a
chute and piping and be lodged ip a damaged'spenf fuel container. If the fuel
pebble is larger than 5.65 cm, it will travel the length of the parallel bars

and be discharged through a different pipe. This is depicted on Figure 3.6.1-5.
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The undamaged fuel pebble will then travel down the discharge pipe and through
a counter and then into a spent fuel container. Spent fuel will be stored in
the spent fuel container for a period of approximately eight days before re-

moval and storing in the spent fuel storage pool.

‘Spent Fuel Removal éystem

A spent fuel motorized transporter cart containing a spent fuel transport con-
Atainer and a spent'fuel damagea pebble transport container is provided to re-
move fuel from'the spent fuel containers. The transporter cart runs on rails
having a track layout that allows the cart to be positioned under the préper
storage container, si# for the cylindrical or twelve for the annular core PBR.
‘The track layout contains a turntable to switch the cart to the circular |
frack’under the PCRV or onto a ségtion of straight track that allows the cart

to travel into an air lock and out of the containment.

The transpoft-containers are sized to hold 3000 pebbles of undamaged fuel and
500 pebblés of damaged fuel. The containers are vertical pressure vessels
with ellipsoidal heads and provided a six-inch nozzle opening oﬁ both the top
and bottom heads. The nozzles will the.remote solenoid operated gate valves
and a motorized mechanism to engage and make a gas-tight connéction with the
'discharge nozzle of the séent fugl storage containers or the. inlet connection

of the spent fuel pool storage containers.

Closed circuit television cameras will be mounted on the transporter cart to
enable the operator to position the cart and to control the operation of the

nozzle engagement mechanism.

The transporter cart will be similar to the new fuel transporter cart in that

it has flanged wheels with a cog-wheel drive. It will also be equipped with
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Figure 3.6.1-1 depicts a schem&tic arrangement of the conceptual design for the
new fuel loading system. Flow of fuel from the new fuel container passes
through a distribution mechanism then through a counter which monitors the

flow 6f each fuel- pebble iq the subsystem. Fuel then flows .through a series

of distribution mechanisms until the pebble is aligned over a preselected pipe
to transport it to a secondary fuel distribution mechanism. As the pebble

leaves the distribution mechanism it flpws'through a éounter.

The secondary distribution mechanism, one of severai, provides control of and
accounfs_fo7 each fuel pebbie by distributing it to one of several transpbrt
pipes that permits the fuel to be loaded in its preselected location. When

tﬁe fuel leaves the distribution mechanism, it passes th?ough another counter
and piping éontaining a shut-off valve and ﬁressure safefy relief valve. This
new fuel distribution system accounts for each new fuel pebble during its
"travel from the new fuel container to the reactor core by passing through three
counters. This assures that the fuel is accounted for and that it has been

deposited in its predetermined location in the core.

The system is designéd to provide a tight containment to prevent ioss of helium
from the PCRV cavity. Pressure boundary components are designed for 1400 psig
pressure and in accordance with the ASME B&PV Code, Section III, Subsegtion

NB for Class 1 comp&neﬁts. Materials of construction, are selecéed to be
compatible with the product and envirbns. Temperatures of the system will

vary from that in the containment to those approaching the reactor core

helium temperature.

Helium connections are provided at various positions in the new fuel distribu-
tion system. This helium is used to make up any losses during the fueling

operation and also to provide a differential pressure in the system to



solenoid operated clamps used to prevent derailment during seismic events and

to clamp the cart to the rails during filling.and emptying operations.

All pressure boundary components will be deéigned ip accordance with the ASME
B&PV Code, Section I1I, for Class 1 or 3 components, as appropriate. The fugl
‘lcollection subsystem f;om thevPCRV to the spent fuel container discharge valve
will be designed for 1400 psig pressure. The spent fﬁel transport containers

will be designed for 30 psig pressure.

In operation, thé.tranSporter cart will be positioned under a preselected
spent fuel container and clamped to the rails. The motorized mechanical
nozzle connection will be activated and its operation will be observed by
means of the closed television circuit. After the connection is made, a
vacuum will be drawn from the pipe volume between the valve on the bottom of
the spent fuel container and the valve on top of the transport container.
When the connection leakage is within specified limits, both\valves will be
opened and the fuel pebbles will be discharged-into the trahsport container.
Valves will be closed after filling and the volume between the valves will be
evacuated to a specified volume then purged with helium. A hélium atmosphére
will be maintained at all'times in the collection system and the transport

container.

After disconnecting the pipe connection, the transporter cart will be di-
rected to the turntable and then into the airlock. The airlock door Qili be
closed after the transporter is in its proper location in the lock and a por-
tion of the track used to fill the gap in the head area is moved to a clear

position.
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Spent Fuel Unloading and Storing

When the cart is in the prope; 1ocation,vthe motorized mechanical nozzle con-
nection will be activated to engage the nozzle of a pipé used to fill spent
fuel storage containers in a location under the air'Iock. The operation of

_ testing the connection will be observed prior to opening the valves on the -

transport container and the. fuel storage container filling line.

The fqgl storagé container filling line contains a pebble feeder simila; to
those in the ne& fuel diétribution system, a pebble gounter, and isolation
'.valves. Fuel pebbles will be fed into thé spént fuel containers in an area
under the contéinment air lock. ‘The enclosed area will have a controlled at-
mosphere'énd will be shielded. After filling thé fuel étorage container to
the proper level, the container will be capped. The cap éqntains a nozzle and
valve which is used to purge and pressurize the container with hélium. The

capped container will be checked for leak-tightness beforeAbeing stored.

After examination and pressurization, the spent fuel storage container will
be passed through a transfer port into the spent fuel transfer canal. From
there, a mechanism will lift, move, and store the container in its pre-

selected location for long term storage.
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3.6.2 SPENT FUEL STORAGE POOL COOLING AND CLEANUP SYSTEM

3.6.2.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functioﬁs : |

" The spent fuel storage pobl cooling‘and cleanup system‘reﬁoves heat from the
spent fuel in the‘storage pool as well as the spent fuel reception bay. The
system provides clarification of the water for visibility and to reduce the

activity of the water to acceptable conservative levels:

Design Requirements

Tﬁe spent.fuel storage pool cooling and cleanup system design prbvides:

o Maintain the spent fuel pool water at a temperature less than 140°F

| Auring normal loading.

0 'Maintain purity and clarity of the water to permit thg.underwater
obsérvation of fuel handling operations.

o Capability to remove suspended and dissolved‘radionuclides and main-
tain pool water activities to acéeptable conservative values.

o Capacity to maintain a minimum water level for shielding during-all
normal phases of operation and for abnormal plant operating

conditions.

3.6.2.2  SYSTEM DESCRIPTION
Decay heat is removed from the spent fuel stored in the spent fuel pool by
circulating the water through heat exchangers. Cooling water to the heat ex-

changers is supplied from the Nuclear Service Water System.

The system consists of a main fuel pool loop from the pool to the pumps and

heat exchangers and back to the pool. A side stream through the spent fuel
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pool skimmers is directed to pumps and heat exchangers then through the ion
exchanger.“TCdoling water for the reception bay is taken off the eyseem down-
stream of the heat exchangers, where it flows through the pools and(then
flowe to the purificetion pump; ion exchangers, and tne heat exchanger By
adjusting the line valves, the flow to any part of the system may be varied
to suit the purification requirements. A vacuum cleaning.system is provided

for cleaning the bay floors.

Piping that penetrates the 'spent fuel storage pool is located to provide a
sufficient depth of water over. the stored fuel in the event of a p1pe break
in the system. Slphon breakers or vents are prov1ded in the system to pre-

vent the loss of fuel pool water.

The'cooling and cleanup system components are furnished to meet the require-
ments of the ASME B&PV Code, Section III, Class 3. The material for the
components is either austenitic stainlees steel or other material having

acceptable corrosion-resistance properties.

Two circulation pumps are provided for the spent fuel pool cooling loops.
Each pump is rated at 100% of the normal coolingAload requirements The
second pump is normally used as a redundant spare but may be used should it

become necessary to temporarlly store part1a11y spent fuel from the reactor.

A pump ane ionfexchangers are provided for fuel poel water clarification.
Normally, one pumﬁ will operate; however, one pump from the cooling loop may
be used if the demand for water clar1f1cat10n exceeds the capacity of the
_normal pump flow. The ion exchangers are sized to handle 50 percent of the

combined flow from the clarification and cooling loop pumps.
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The demineralized water distribution system pbeides ;he initial fill for
the poois, for transfeér cask wash-down, fuel pool water makeup, ahd for
spent resin transfer. Water discharged from the pools ;nd any leakage from
_the cooling and cleanup system ié collected and discharged to the ra&io-
- active liquid waste systég. Emergenéy makegp water is provided from the de-
mineralized watér_storage tank and from the plarnt fire profection water

system.

Instrumen;ation for the épent fuel storage  pool cooling and purificatiqﬁ sys-
tem includes:- |
| o Control room.indication of water level, temperature and alarms for
higﬁ temperature and high/low radiation levéls of the spent fuel
pool and the fuel reception and inséection'pool. |
o Lécal indica;ion of water flow in the cooling ioop and the purifica-
tion system.
o Coﬁtrol and status -indication of the pool cooling water pumps from

the control room.

Control of the pool water temperature is attained through adjusting valves

in the cooling water system.
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3.6.3 HELIUM PURIFICATION SYSTEM

3.6.3.1  FUNCTIONS AND DESIGN REQUIREMENTS

- Functions

The Helium Purification System purifles a small. letdown flow from the
primary coolant system and provides a purified gas flow to penetrations and
sealvassemblies. Alsomduring plant shutdown'this system transfers purified

helium to storage from the primary coolant system.

Design Requirements

Piping and components wrthin the boundaries of the last containment isola-
tion valve and the primary coolant system isolation valve is classified as
Safety Class 2, Seismic Category 1I. Piping and components within the boun-
daries of the containment iéolation valves is classified as Safety Class 3;
Seismic Category I. The storage transfer piping is non-safety class. Two

100% trains are provided.

3.6.3.2 SYSTEM DESCRIPTION

High temperature he11um (300°C) first enters a h1gh temperature filter/
absorber unit where dust and fission products are removed ‘Afterwardé the

. helium is cooled by a heat exchanger.- Driers then remove carbon dioxide and
'water vapor; Afterwards a low temperature absorber removes noble gases and
other gases such as tritium. Later a sponge removes all forms of hydrogen.
From this point helium is compressed and transferred to the seal assemblies,
penetrations‘and the storage tanks (if required).

Figure 3.6-6 shows a schematic of the helium purification system.
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3.6.4 - LIQUID NITROGEN SYSTEM

3.6.4.1 FUNCTIONS-AND DESIGN REQUIREMENTS
Functions
The liquid nitrogen system (LNG) supplies refrigeration to the helium puri-

fication system low temperature absorbers.

Design Requirements

The LNG system shall be furnished to remove the normal operating heat load

and the PCRV depressurization heat load.

The LNG system is not essential to the safe shutdown of the reactor and is-

a non-seismic Category I classification.

3.6.4.2 SYSTEM DESCRIPTION

The LNG system is comprised of a phase separator/storage ténk, one liquid
nitrogen fecohdenser, two pumps, with the necessary piping and valves to N
provide cooling for the helium purification low-temperature absorbers

(LTA's).

The Phase separator/storage tank is of vacuum jacketed construction having a
' . i

nominal capacity of 10,000 gallons. Sufficient nitrogen is provided to per-

mit normal helium purification operation for 50 hours after loss of the LNG

recondenser followed by PCRV depressurization.

Heat from the LTA's,vaporize thé liquid nitrogen. The gaseous nitrogen re-
turns to the phase separator where the gas and liquid are separated. Liq-
‘uid drips into the storage tank and the vapor is goﬁdénsed by the LNG recon-f

“denser ‘and returned to the storage tank.
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Components and piping are constructed from austenitic'stéinless steel and
are vacuum jacketed to minimize heat losses. .Pressure vessels are con-

structed in accordance with the requirements of ASME B&PV Code, Section

"VIII.
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3.6.5 HELIUM STORAGE SYSTEM

3.6.5.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions
The helium storage system provides the following functioné:
o Tr;nsfer-heiiuﬁ between the PCRV and the heiium storage area.
o Provide helium for purging refueling equipment. |
’ £ . : .
o Control primary.coolant pfessure during reéctor opefation and on-line
refueling operations. .

.o Provide initial fill for the PCRV primary coolant and coolant make-up.

o Vent PCRV to the enﬁirons.

‘Design Requirements

The helium storage system is required to store 32,000 1b inventory, that in-

cludes approximately 4000 1lbs for NSSS yearly makeup requirements.

" The helium storage system-will have the capability of depressurizing the PCRV
through the helium. purification syétem. A 20 hour depressurization schedule
without exceeding a maximum flow rate of 4800 1bs per hour shall be provided

in the system.

" This system is not essential to the safe shutdown of the reactor system. The
system is a non-seismic Category I class and pressure vessels are constructed

in accordance with ASME B&PV Code, Section VIII.

The helium sforage system interfaces with the followiqg'systéms:
o Helium purification receives purified ﬁelium_for purging and provides
fbr.the transfer of helium from the PCRV .to storage.
o Transfer of helium from stérage té the PCRV is éccomplishquat'a con-

nection at the PCRV relief valve piping.
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o Fuel handling system receives helium from the storage to maintain a

helium atmosphere and to maintain the PCRV helium inventory.

3.6.5.2 SYSTEM DESCRIPTION_
The helium storage systeﬁ is comprised of:
o High-pressure Storage tanks
o Low-pressure stdrége tanks
o fwo low-pressuré, high-flow helium transfer compressors
o T&o high-pressufé, low-flow helium supply compressors

o Associated piping, valves, eclectric equipment, and instrumentation.

The low-pressure storage tank is sized to contain the entire helium inventory

of the PCRV plus an allowance for make-up and normal operational requirements.

The high-pressure storage tank is sized to providé the refueling needs, helium.
purification regeneration purge requirements, and normal opefational leakage

needs.

&

Two helium transfer_compressofs are furnished, one of which is capable of de-
pressurizing the PCRV in épproximately 18 hours. Both compressors are used
’ duriﬁg start-up and require approximately 6 hours to pressurize the PCRV to

350 psia.

Two helium supply compressors are furnished to charge the high-pressure storage
tank from the low-pressure storage tank. These compressors operate inter-

mittently, as required, to maintain the required helium pressure in the tank.
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3.6.6 NUCLEAR SERVICE WATER SYSTEM

3.6.6.1 FﬁNCTIONS AND DESIGN REQUIREMENTS

Functions

: The_Nuclear Service Water System (NSW) shall provide cooling for Reactor
 AP1ant'Coo1iﬁg Water System, the Fuel Pool Cooling System, the. PCRV .cooling

system and other reactor plant auxiliary compbnepté.

Design Requirements

Each loop of the NSW system shall be capable of removing 100% of the design

. heat load.

Those portions of the NSW system which provide cooling to safety related com-
pbnents are Safety Class 3 and shall be designed to ASME Section III Class 3
and seismic Category I requirements. Additionally, the NSW system shall

meet the requirements of Nuclear Regulatory Commission Regulétory Guide 1.27.

".The,NSW system shall supply the required céoling flow at a maximum

temperature.

The NSW system shall have the capability to remove seven (7) day DBDA inte-
grated heat load. This shall be accomplished without .any makeup to the NSW

system.

3.6.6.2  SYSTEM DESCRIPTION

The NSW system consists of two redundant and independent loops each contain-
ing a cooling tower, circulating pump, piping, valves and controls necessary

for that system to perfofm its functions.
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:The NSW system provides cooling to the following:
0 Reactor Plant Cooling Water‘System
o Fuel Pool Cooling Water System
o Helium Storage System Compressors
o Reactor Service Building Chillers
o Containment Building Chillers
o NSS Process Chillere

o PCRV Cooling Water System Emergency Diesel Generator Coolers

During normal operation, cool1ng is prov1ded by the conventional service
water 'system via crossconnect plping Should the convent10na1 Service Water
System be lost, the conventional service water header is automatlcally iso-
lated. Nuclear Serv1ce Water is then supplled by the NSW pumps and heat is

rejected through.the NSW cooling towers.

The NSW cooling towers offer both horizontal and vertical missile protection
" for the fan. The remainder of the SC-3 portion of the NSW system is housed -

in seismic Category I structures.

The - NSW eooling towers are each designed to remove 76.6 x 106 Btu/hr This
heat removal capac1ty is equal to the faulted heat load of the RPCW system

plus the refueling heat load of the FPC system,

The cooling tower. basins are designed to'seismic Category I requirements.
Each basin is sized to hold 50% of the water required for the seven (7) day

DBDA heat load. -

The: NSW system provides a backup source of makeup water for the spent fuel

pool.
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3.6.7 REACTOR PLANT COOLING WATER SYSTEM

3.6.7.1 - FUNCTIONS AND DESIGN REQUIREMENTS

Functions
The Reactor Plant Cooling Water System (RPCW) shall provide cooling water to

reactor plant auxiliary equipment.

Design Requirements

The RPCW System shall be a closed loop cooling water system maintaining water

quality -and temperature within required limits.

fhe.RPCW.System shail remo&e the design heat load of the below listed com-
ponents under all plant conditions in which they are reqﬁired to operate.
The méximum system head load is 72 x 108 Btu/hr. -

6( Moisture Monitor Hygrometer Modules (ﬁygrometers ana Comprgssérs)

o Auxiliary Circulator Motor and Lube 0il Coolers

6 Purified Helium Compressors

o Helium Purification Coolers

o Radioactive Gas wéste Compressors

0 Main. Circulator Motor and Lube 0il Coolers

The Safety Class 3 portion of the system shall be designed in accordance

with ASME Section III Class 3 and seismic Category I requirements.

i

System Description

The RPCW System‘consists of‘two redundant, independent, closed idops each
éapable of removing 1007 of the design heat load. Eéch loop consists of two
100% capaéity pumps, two 507% cépacity heat exchangers, a pressurized surge
tank and a chemistry control package. During normal operation, each loop

operates at 507 capacity.
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The RPCW system is a Safety Class (SC) 3 system with a Non-Nuclear Safety
Class (NNS) sub-loop. In the event of a failure in the NNS portion of the
system, automatic actuated valves shall isolate the NNS sub-loop from the
SC-3 portion of‘the system. During normal plant,operation, service water

provides cooling for the .RPCW system.

" During an emergency, the Nuclear Service Water (NSW) System provides cooling
for the RPCW System. The NSW flows through the tube side of the heat ex-

changers and RPCWS thfough the shell side.

The Nuclear Service Water System will provide seismic Category I mékeup for
the RPCWVsystém‘if required; however, the demineralized water system via the

chemical control package provides normal RPCW makeup.

The chemical control package processes a side stream flow of the RPCW to

‘maintain water quality within the required limits.
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3.6.8 PCRV_COOLING WATER SYSTEM

3.6.8.1 FUNCTIONS AND DESIGN REQUIREMENTS
Functions
The PCRV cooling water system shall provide cooling water to PCRV cooling

coils.

Design Requirements

The PCRV cooling water system shall be a closed loop cooling water system
maintaining water quality and temperature within required limits. Two indé-
pendent redundant systems are provided. Each is capable of femoving.the |
full ‘heat load passing through the liner insulation. Under normél operation
and circumstances both systems operate toge;her with 50% load per sys;em;

Both systems must be operable after a reactor shutdown.

3.6.8.2 SYSTEM DESCRIPTION

Each system utilizes a 50% capacity pump (50 HP and 427 GPM) for_ﬁormal op-
eration and has, as a standby, a '100% capacity.pump (100 HP and 853 GPM).
Two 1007 capacity heat exchangers are used to transfer four megawatts of

heat to the service water system.

Safety Class 2, seismic Category I containment isolation valves are required
on the outside of the eight inch Safety Class 2 penetration assembly. .The
remainder of the system>is Safety Clasé 3, seismic Category I, except for a
50 GPM water purification loop which is non-safety class. This subsystem

has a 50 GPM demineralizer and a 50 GPM filter.

The design specifications for this system are based on General Electric

Criteria.
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3.6.9 AFTER HEAT REMOVAL CIRCULATOR SERVICES SYSTEM

3.6.9.1 FUNCTIONS AND DESIGN REQUIREMENTS

Funcﬁions

The Auxiliary Circulafor Services System shall provide cooling water to lube
0il coolers and motor coplérs which are located on each of the four auxiliary

circulators.

3.6.9.2 SYSTEM DESCRIPTION

Each auxiliary circulator has one closed loop consisting of two 100% pumps,
one expansion tank, one gas trap, one heat exchanger, and associated piping.
Tﬁe heat exchanger is cooied by two redund;;t Reactor Plant Cooling Water
System to satisfy postulated active and passive failure modes of operation

since the four 507 system capacity circulators are required for decay heat

removal.

Each of the service loops have a design pressure rating of 1900 psig and a
design flow capacity of 47 gpm. Since this system is classified as safety
class 3, it will be design in accordance with ASME Section II1I, Class 3 and

seismic Category I requirements.



3.6.10 COMPRESSED AIR SYSTEM

3.6.10.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functiqns

The compressed air system is designed to provide a continuous supply of
clean and oil-free air for pneumatic instruments and controls and general
plant service. Dry air is supplied for instrumentation and controls,.and

undried air is supplied for other plant functions.

Design Requirements'

The system contains three air compressors each rated At 650 CFM and a 100
psig discharge pressure. Air receivers are designed in accordance with the
ASME B&PV Code, Section VIII, for 125 psig design pressure and are equipped

with safety valves set at 125 psig.

Instrument andAservice air piping is designed in accordance with ANSI B31.1

Code for Power Piping.

3.6.10.2 SYSTEM DESCRIPTION

The compressed air system includes three electric motor-driven air com-'
pressors rated at 650 CFM and 100 psig discharge pressure. The compressors
are connected in parallel, each with an intake filter-silepcef, aftercooler,
and moisture separator. Each compressor unit is capable of subplying air
at 100 psig at a flow rate sufficient to heet normal plant requirements.

The compressors discharge to two vertical air receivers.

" Both receivers supply air to the service air and instrument air systems.
The service air header contains a back-pressure regulating valve which
closes when the upstream header pressure is reduced to 75 psig. This pre-

vefits the service air system from bleeding down the instrument air supply.
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The'compressed eir for the instrument air system is supplied through two
100-percent capacity parallel headers, each conteining:
o Twin tower air dryer for minus 40°F dew point, with regeneration
cycle for reactivating the wet desiccant.
o Pre- and after-filters for removal of moisture droplets, particles

of dirt, rust, and scale."

Each compressor has an automatic dual control. Normal control is with one
air compressor operating at constant speed under load-unload control. The-
second compressor is on standby and starts automatically on heavy demand or

low instrument system pressure. The third compressor is used as a spare.

Compressed air for instrumentation and controls within the containment is
supplied by two non-lubricated cnmpressors nominally rated at 100 CFM, dis-
eharging thtough filters and air driers te provide clean dry air. Serniee
alr to the containment air‘stations is supplied from the unit service air
system for containment afr 1eakage monitoting and other services. Instrument
air ffomloutside the eontainment can be connected to the containment in-

strument air system by hose connection in an emergency.

The station air compressors are powered from 480 volt emergency buses. Two
compressors are powered from one bus and the third from a second bus. Upon
loss of off-site power, the compressors may be manually started as emergency

diesel generator capacity becomes available.

Air-operated valves and controls thronghout the-plant are arranged for safe
failure with loss of air supply. Conventional instrumentation is provided
for the compressed air system, including‘pressure indication in the main con-

trol room.
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3.6.11 "HEATING, VENTILATING, AND AIR-CONDITIONING SYSTEMS

3.6.11.1 FUNCTIONS AND DESIGN REQUIREMENTS
Functions
The heating, ventilation, and air-conditioning systemé are provided for all

buildings of the plant for both normal and abnormal plant operatioms.

Design Requirements

The outside ambient air conditions are:

Summer design temperature: - 88°F, DB
75°F, WB
Winter design temperature: ’ 0°F
Coincident wind velocity: '~ Moderate to 12‘MPﬁ

The inside design air conditions are:

Area ‘Summer, Max°F - Winter, Min°F
Control room complex 75 70
Cable spreading 104 55
4 kV switchgear 104 55
Battery rooms 95. 65
Service building (occupied areas) 75 ' 70
Service building (equipment area) 104 50
Turbine building , 104 . 55
‘Fuel storage room : 104 50
‘Containment o 120 50
Circulating water pump house : 104 50
Service water pump house 104 _ 50
Penetrations building 104 : 50
Non-essential switchgear area 104 50
Diesel generator room 104 50

The ﬁVAC systems are not safety relatéd, except for the Control Room Habit-
ability Systems, but the supports of all components in safety;class struc-
tures.are deéigned in accordance with seismic Category I requirements. .Sep-
arate system design descriptions.contain the requiremeﬁts for the control

room habitability systemé.



3.6.11.2° SYSTEM DESCRIPTION

Hééting for the buildings is suppiied by steam from the auxiliary boiler lo-

cated in the administration building.

Containment

During normal reactor operation sufficient heat is lost from the nuclear re-
actor sfstem to offset building Héat-loss during the winter months. Héat is
supplied to the containment when the reactor is shut-down through steam-air
heat exchange coils and through the air circulation system. 1In the summer
months, cooling is supplied to tﬁe air handling system from the chilled water.

system,

The containment is maintained at a slight negative pressure, with respect to
the outside environs, and the general direction of air flow is from the

areas of low-to-high levels of probable contamination.

Air intake and exhaust is described in the system design description for the

containment air purification and cleanup‘system.

Reactor Service Building

A one-way air conditioning system is installed in the reactor service build-
ing without any air recycling to provide a suitable temperature and humidity

in the various rooms by continuous treatment of fresh air.

The fresh treated air follows a forced irreversible flow from zones with a
low radioactive contamination to areas having a higher radioactive contamina-

tion, without the possibility of any air recycling..
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Air is drawn into the building, filtered, and heated or cooled as required.
Before being discharged from the building, air is monitored for activity,

then discharged through the plant stack filtration system.

The hot water heating system with heating coils in the ventilation inlet
ducts is designed to maintain an indoor temperature of 70°F in winter‘when

the ventilation system is running.

An air conditioning system for the Control Room is provided to ensure suit-
able temperatures and humidity in the various rooms as well as an adequate

renewal of ventilated fresh air.

Turbine Building

A cooling system is provided in the Turbine Building whiéﬁ, in conjunction
with hgatefs, will maintain the building temperature between 80°F and 90°F
with a maximum temperature of 104°F in the atreas where considerable heat
rises occur. These include the condenser area, the feedwater heater area
and the deaerator area. Cooling is provided from coils and fans with cool-

ing water supplied from the recirculated water system.

In the winter time, ventilation air is drawn from outside the buildiné,
mixed with recirculated air inside the building and circulatedAas required.
Ventilators are provided at the hot'pieces of equipment to expel the hot
air, and special provisions are provided to ventilate the areas where

noxious gases may accumulate, including the chemical storage areas.
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3.6.12 FIRE PROTECTION SYSTEM

3.6.12.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions

The fire protection system is provided to minimizg the probability and effect
of a fire. It is provided so the ﬁotential conseqﬁence of such an event,
should one occur, does not result in undue risk to tﬂe health and safety of

the public or of plant personnel.

Design Requirements

Where any appreciable quantities of combustible material exist, fire detec-
- tion devices and/or fire protection systems are provided. The fire protec-
tion systems are evaluated and designed to assure that their operation or

failure QOes not produce any unsafe condition nor damage any safety relatéd

equipment.

Physical separation or fire barriers are provided between associated redun-
dant systems or réedundant equipment where any combustible material exists.
Units such as the emergency diesel-generators are placed in separate three-

hour NFPA fire rated enclosures.

The occurrence of fire is minimized by the use of non-combustible materials
in the construction of the‘plant. Construction materials are specified in
accordance with NEPIA - Basic Fire Protection for Nuclear Power Plants.
Electrical cables are specified with either non-flammable insulation or with
self-extinguishing and non-propagating fire characﬁeristics in addition to

dielectric strength and other electrical-mechanical properties.
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Fire barrier walls are provided between outdoor adjacent transformers; hydro-
gen manifolds are located out-of-doors; and auxiliary boilers are provided
with combustion safety features. Automatic smoke and heat power venting is

provided for the turbine building and other supporting buildup.

The fire protection system for the control room complex and alternate con-
trol room is a carbon-dioxide system with remote carbon dioxide bottles and

piping to hose reel stations that provide coverage of the control room.

The cable spreading rooms are provided with a fixed carbon dioxide system
with remote carbon dioxide bottles and piping that will flood the area in
the unlikely event of a fire. A water deluge system is provided as a back-

up in the event it becomes necessary to resort to its use.

The battery rooms are provided with portable carbon dioxide fire extinguish-

ers that are located outside of the battery rooms.

The fire protection system is designed in accordahée with the applicable
portions and requirements of the following:
o Nuclear FEnergy Property Insurance Association
o National Fire Protection Association Codes
o Criteria‘3, Appendix A, Title 10 of Code of Federal Regulatiéns,
Part 50. | ﬂ
o USNRC Regulatory Guide 1.120 - Fire Protection Guidelines for
Nuclear Power Plants.

o USNRC Branch Technical Position ASB 9.5-1.

3-88



The fire protection system is not designed to seismic Category I require-
ments, but is designed so that failure of the system will not induce failure

of a safety related system or safety related equipment.

©3.6.12.2 SYSTEM DESCRIPTION

Water Supply

The water supply for the fire protection system is stored in two 500,000
gallon storage tanks of which 300,000 gallons in éach tank is reserved for
fife protection. Four horizontal centrifugal pumps, two 1500 gpm electrig
motor-driven and two 1500 gpm diesel engine-&riven, are provided and capable
of taking suction from either tank. The third pump is redundant and serves

as a standby unit. Two 25 gpm jockey pumps, complete with automatic local

controls, are provided to maintain system pressure.

The fire pumps supply water to a 12-inch fire main ring header. The fire
méin ring héader is designed as a closed-loop system which sufrounds the-
plant site and permits water flow.in either direction. Post indicator iso-
lation valveé are installed 'in the yard piping system to permit partial pipe
line isolation without interruptién of service to the remainder of the

system.

The 500,000 gallon storage tanks at grade are heated and protected from
freezing. All piping and valves are buried, electrically traced or in-

stalled in a heated area.

. Yard Protection System

Fire protection is provided to exterior plant areas by fire hydrants located

along the loop at approximately 250 feet intervals. Hose houses, complete
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with associated accessories, are provided to serve the yard hydrant system

to provide coverage for each building.

Fixed Water Spray Systems

Fixed water spray deluge protection.is provided for the following types: of

equipmént:
o Generator step-up transformers.
o Unif auxiliary transformers.
o Reserve auxiliary transformers.
‘o Standby reserve auxiliary transformers.
o Station auxiliary transformers.
6 Hydrogen seal oil units.
o Turbine oil reservoirs.
o Lube oil conditioner.
o Cable tunnels, electrical penéfration areas, and cable spreading
rooms.
o Diesel generator fuel oil pifing in floor trenches and day oil tanks.

Standpipe Systems

The turbiﬂe building, office facility, and service building are provided

with a standpipe system.in accordance with NFPA StandardsL

Fixed Carbon Dioxide System

Manually initiated fixed carbon dioxide fire extinguishing systems are pro-

vided in the following areas:

(o]

Cable spreading rooms above and below the control room.
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Automatic Sprinklers

'The turbine generator areas below the operating floor containing oil lines

are protected with an automatically actuated sprinkief-system.

[

Portable Fire Extinguishers

Portable fire extinguishers are located throughbut the site for immediate

use against small fires.

Fire Detection Devices

-The'fife detection system consists of the following, and are used as applic-
able for the service intended:
o Ionization type detectors capable of sensing the products of combus-
tion before visible smoke, heat or flame are initiated.

o Combination temperature rise and fixed temperature type thermostats.
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3.6.13 AUXILIARY STEAM SYSTEM

3.6.13.1 FUNCTIONS AND DESIGN REQUIREMENTS

The auxiliary steam system provides low pressure gsaturated steam for the
nuclear steam supply system and the power conversion system during norﬁal
plang startup and shutdown. The auxiliary steam system also satisfies
building heating.and miscellaneous plant requirements. During plant startup,
steam is supplied to the turbine gland sealing system, waste processing
evaporators, and various nuclear heaters. Sﬁutdown steam rgquirements ére

similar, except that gland sealing does not consume any auxiliary steam.

3.6.13.2 SYSTEM DESCRIPTION

The auxiliary steam system consists of one package boiler rated ét

225,000 1lbs/hr of saturated steam at 200 psig and complete with two boiler
feed pumps (one spare), a triplex fuel oil pumping set (one spare ﬁump),
one deaerator‘and storage tank, one blowdown tank, two chemical feed
units, one main fuel oil storage tank and controls for local automatic

operation.

The boiler is fired by No. 2 fuel oil supplied directly from the main oil
storage tank to the fuel oil pumping set. Steam atomization and air atomi-

zation are used for continuous operation and startup respectively.

Feedwater from the deaerator is pumped to the boiler;'evaporated, and
piped to building heating units and operating equipment. Heating steam is
returned to the deaerator and the equipment steam is added to the main

cycle.

The auxiliary steam system and the main steam system interface.
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3.6.14 STANDBY POWER SUPPLY AND AUXILIARIES

3.6.14.1 FUNCTIONS AND DESIGN REQUIREMENTS
~Functions
The diesel-generators distribute ac power to the plant safety-related

auxiliaries during eﬁergency operating conditions.

Design Requirements

The emergency standby power supply is provided with four 50-percent diesel
engine generator systems of identical design and characteristics to supply
onsite power of sufficient capacity énd capability to reliabiy shutdown the
reactor during emergency plant operation or each 50-percent After Heat
Removal system electric power requirements and othér auxiliaries. The load
rating of eaéh diesel generator-is 3250 kVA at 8760 hours per year

(continuous).
The generator is rated at 2600 kW for continuous duty.

3.6.14.2 SYSTEM DESCRIPTION

Redundant standby diesel-generator units are provided to supply onsite power
to the plant safety-related auxiliaries during emergency operating condi-
tions. The capacity of each diesel-generator is adequate to support opera-

" tion of engineered safeguards systeﬁs loads within the continuous load
ratiné. The loads are determined on the basgis that the sum of the estimated‘
loads needed to be powered at any one time is equal to or less than the con-

tinuous rating of each unit.

Each diesel-generator system comprises the auxiliaries necessary for quick-

start operation, connection to the 4,160 volt emergency bus, and
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connections to the required services. No auxiliaries are shared between the
diesel-generator systems. External power sources, other than d-c. control
power from the plant's batteries, are not required for engine starting or

subsequent system operations.

To.ensure rapid starting, each diesel generator set has its own independent
starting air supply fed from its own set of redundant accumulatofs. Each
accumulator is sized to give a diesel engine 30 seconds of steady engine
cranking or five successive starting éranks. Each accumulator is supplied
by its own air compressor. Each diesel generator set is supplied with two
_air starting systems. Elapsed time from receipt of 'start diesel' signal to

"ready-to-load" condition isliO.seconds.

The diesel engines are_water'cooled and- obtain the water from the nuclear
service water system: Each diesel requires approkiﬁately 700 gailons per
minute of water héving a maximum inlet temperature of 97°F. To prevent
freezing of the water during standby duty, each diesel is provided with a
thermostatically controlled electric immersion heater for the jacket water.
The diesel is capable of operating without jacket cooling water for a period
of time in exéess of that required to start the cooling water pump from the

emergency bus.

'The redundant diesel-generators.are provided with independent fuel oil stor-
age tanks. The tanks are bufied and located outside of the control and die-
sel building -and have a capacity to operate each pf the diesels for a period
of seven days under fﬁll-load continuous duty. The fuel oil systems each
have a fuel oil pump that supply the engine day storage supply tanks with

fuel oil, as required.
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The day tank is skid mounted and is sized to provide 3-hours supply of fuel
oil for the:diesel engine when operating at continuous full load. The day
tank is equipped with level switches to provide automatic actuation of the
associated fuel oil storage transfer pump, low-low level alarm and high-high
level tripping of the pump with alarm. Overflow recirculating piping is pro-
vided from the system day tank to the fuel oil séorage tank. Fuel oil is
transferred from each fuel 611 storage tank to its respective day tank by a
pump powered from the associated emergéncy bus. Valving is provided to per-
mit either transfer pump to supply one or Both day tanks from either storage

tank.

Each diesel-generator unit is located at the lowest levél in the control and
diesel building. An enclosure wall is designed to withstand limited explo-
sions and provide§ a barrier against postulated missiles such as crank-case
‘doors or rupture of an air receiver tank. The diesel-generator and its

associated auxiliaries are designed to the requirements of seismic Category I.

An independent lubrication system is provided to assure adequate lubrication
for the diesel engine moving parts and for lubrication of the generator.

The lube o0il system is provided with a strainer, pump, oil cooler, and a
strainer Before the oil enters the engine or generator. When the engine is
on standby duty the lube 0il is maintained at the recommended temperature
with electric heat. Also, a pump is provided to circulate oil through the
engine during standby duty to emable the engine to start with a minimum of

friction engine wear.
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TABLE 3.6.14~1

EMERGENCY ELECTRIC POWER LOAD DATA

Service
Nuclear Service Water Pumps

-Reactor Building Closed
Cooling Water Pumps

After Heat Removal
Circulators

.After Heat Removal Cooling
Water Pumps

Control Room Cooling Tower
Fans and Pumps

Helium Purification
Compressors

Emergency Feedwater Pumps

Load Centers (Various
"Bldgs.)

Diesel
Generator

Diesel Diesel
Generator Generator
HAH llBll llCH

Diesel
Generator
IIDH

TO BE DETERMINED
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3.7

ELECTRICAL SYSTEMS

The electric plant equipment conveys the electric power generated in the

plant to the low voltage bushings of the generator step-up (GSU) transfor-

mers, controls and meters the electric energy, and protects. the components

through which the power flows. It is the source of power for the plant

auxiliaries and the plant control, protection and surveillance systems dur-

ing normal operation, and for the plant protection system and engineered

safety features during normal operation, abnormal conditions, and accident

conditions.

The electric plant design features are as follows:

a.

The main generator, the three single phase generator step-up (GSU)
transformers and the five three pHase unit auxiliary transformefs
(UAT) are interconnected with isoléted phase bus.

The generator is provided with a load break switch in the mains be-
tween the generator and the UAT tap to disconnect the generator
from the offsite power system. |

Five (four 3-winding and one 2-winding) unit auxiliary transformers
(UAT), each 24.5 kV to 13.8 or 4.16 kv, are connected to the gener-
ator main leads between the generator load break switch and the GSU
transformers.

Three 3-winding reserve auxiliary transformers (RAT), each 230 kv
to 13.8 or 4.16 kV, are connected to an offsite transmission
systeﬁ.

The balance-of-plant (BOP) medium voltage a-c distribution system

iS'nominally 13.8 kV and 4.16 kv. Five separate and independent
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13.8 kV buses and two separate and independent 4.16 kV buses are
provided. The five BOP 13.8 kV buses are fed from two 3-winding
and one 2-winding UAT and a 3-winding RAT. The two BOP 4.16 kv
buses are supplied from one low voltage winding on'each of two 3-
winding UAT's and two 3-winding RAT's.

The Class 1E. medium voltage a-=c distribution system is a nominal
4.16 kVv. Two separate and indépendent Class 1E buses are provided.
Each Cléss 1E bus is fed from one low voltage winding on each of
the UAT's and RAT's.

The low voltage a-c distribution systems are a ﬁqminal 480 volts.
Nineteen buses are provided for tﬁe BOP systems and eight buses are
provided fqr the Ciass 1E systems.

Four separate and indefendent Class 1E, 120 volt nominal,
uninterruptible a-c instrumentation and control power supplies and
distribution buses-fed from the Class 1lE 480 volt buses are
provided. |

Two separate and independent Non—Class 1E, 120 volt nominal, un-
interruptible power supplies fed from the BOP 480 volt buses are
provided. One supplies power to BOP instrumentation and control
and the other to the plant computer.

The Class 1E d-c distribution and supply systems are nominally 125
volts. Four separate and independent station barriers and distribu-
tion buses are provided.

The Non-Class 1E d-c distribution and supply system is nominally
125/250 volts, with center-tapped battery. systems. One center-

tapped station battery and distribution system is provided.
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One Class 1E 125 volt battery charger is provided for each Class

1E #attery. One Non-Class 1lE 125 volt battery charger is provided
for each of the two 125 volt sections of the 125/250 volt Non-Class
1E center-tapped battery.

Four 50-percent Class lE, 2600 kw diesel generator units are pro-
vided as the standby power supply for the Class 1E buses, and are
automatically connected té their respective buses when the normal

and preferred power supplies are not available.

Motor starting voltage and frequency and allowable operational variations,

at which the required starting and operating torques are developed, are as

follows:

a.

Continuous operation'of a-c motors.

1) Vbltage: 'i 10 percent of rated

2) Frequency: =+ 5 percent of rated

Starting and short time (approximately 30 seéonds) operation of
a-c motors:

1) Class 1E (Voltage): 75 percent of ratea

2) Non-Class 1E (Voltage): 80 percent of rated

d-c Motors (Voltage): 210 to 280 wvolts

All Class 1E loads are furnished with a-c or d-c power from one of the

following: the Class lE a-c emergency buses, the Class lE uninterruptible

instrumentation and control a-c power supplies and the Class 1lE d-c buses.

The normal power supply for the plant electric auxiliaries is from the main

generator through the unit auxiliary transformers. The preferred emergency
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power supply is from the 230 kv offsite power supply via the reserve aux-
iliary transformers. The alternate access power supply is from the 506 kv
" offsite power supply via the generator step-up transformers and the unit
auxiliary ;ransformers, when the generator load break switch is open. The
standby emergency power supply is from one of the two redundant diesel gen-

erator units to the corresponding Class 1E medium voltage bus.

The power and control circuits, including circuit breakers and cabling, to
all Class 1E loads are qualified, channeled and separated to meet Class 1E
requirements. Protective devices are coordinated on the basis that protec-

tion of the Class 1E systems is the primary goal.

The safety related design bases for the electric power system are tabulated

in Table 3.7-1.

Table 3.7-2 presents allowable ranges of temperature and limits for exposure
to radiation for electric equipment. Design ambient conditions for spaces
housing electric equipment are based on these ranges and limits plus a mini-

mum of 5 percent for margin.

Physical gnd'electrical separation of equipment and systems is provided to
assure the availability of the minimum required equipment during any design
basis event. Table 3.7-3 presents acceptable types of physical and elec-
trical separation and their applicatioﬁ. Physical separation of equipment
and circuits is done in‘such a way that the single failure criterion is met
and that the independence achieved cannot be compromised by adjacent or

supporting mechanical and structural systems.
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Switchgear

A main generator leoad break switch is provided to disconnect the generator
rapidly from the offsite system when no fault is present. This allows
rapid connection to the alternate access power supply (GSU transformers
and UAT). The switch comprises three single-pole, &ater;c°oled load break
switches with a spare single pole and an independent cooling system. The
cooling system has redundant active components. The medium voltage metai-
cla&vswitchgear comprises five Non-Class 1E 13.8 kV buses, two Non-Class

1E 4.16 kV buses and two Class 1E 4.16 kV buses. Motors rated 3000 hp and
above are rated 13.2 kV and motors rated 250 hp to 2500 hp are rated 4.0 kV.
Transfer schemes are provided for autématically and manually transferring
each train between the preferred emergency power supply and the normal
power supply. Load shedding schedules are provided for automatically
stripping all Class 1E buses whenever there is an offsite power failure.
Sequential loading schemes are provided for the Class 1E buses to auto-
matically connect selected engineered safety features to thosc buses after
load shedding, and re-energizing the buses from the diesel generator units.
Overcurrent proteétion is provided' for all circuits. Differential protec-
tion, overload protection and zero sequence overcurrent gfound protection

is provided for all medium voltage motor circuits.

Non-Class 1E and Class 1E 460 volt motor control centers are provided for
power distribution to motors 100 hp and below, lighting loads and mis-
cellancous loads such as motor-operated valves, resistance heaters, heat

tracing and motor space heaters.
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Station Service Equipment

Five auxiliary transformers (UAT) and three reserve auxiliary transformers
(RAT) are provided to furnish power to the plant au#iliafy power system.
Each transformer is sized witﬁ sufficient margin to carry fhe plant
auxiliary load under the heaviest load conditions. Each transformer is
protected with differential protection schemes and sudden internal over-

pressure 'devices.

Unit substations are provided to:transform the medium distribution voltages
to the low distribution voltage for.Non-Class 1lE and Class lE low voltage
loads. Motors rated 125 hp through 200 hp are comnected.to the unit sub-

stations.

Overcurrent protection is provided for all circuits. Overload protection
is provided for motor circuits. The unit substations for the cooling towers

are fed from a loop feeder.

The battery systems comprise the plant Non-Class 1E and Class 1lE batteries
and battery chargers. Each Class 1E d-c bus is supplied from a Class 1E
battery and a Class 1lE battefy charger. The Non-Class 1E 125/250 volt d-c
bus is supplied from a-125/250 volt center tapped battery and two 125 volt
battery chargers, one for each 125 volt section o£ the 125/250 volt battery.
During normal operation d-c power is supplied from the battery chargers.
During emergency operation d-c power is supplied from the batteries. During
startup and shutdown d-c power is supplied from whichever source is

~available.
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Four 50-percent diesel generators are provided to furnish the onsite source

of emergency a-c power to the Class 1E 4.16 kV buses.

Each diesel generator unit is provided with redundant automatic air starting
systems that are initiated when loss of offsite bower, loss of power to
engineered safety features or when reactor trip occurs. The rating for the
diesel generator units was chosen so that each unit has the capability to
contiﬁuouély operate all protection systems and engineered safety features
that are necessary for a safe and orderly shutdown following a loss of
coolant accident concurrent with loss of offsite power. Minimum voltage
that can be expericnced at the diesel gcnefator terminals during motor
starting is 80 percent. Rating, configuration and switching of the dieSel’
generator uhité are designed to prevent their use for any purpose other

than that of staﬁdby power supply in accordance with preferred practice.

Four Clasg'lE and two Non-Class lE dual input solid state inverters are
provided to serve as uninterruptible power sources for miscellaneous vital
and'non—vital a-c and plant instrumgntation loads. The inverters are
supplied with powcer from the a-c buses through regulating transformers or

directly from the station batteries.

Switchboards

Four'Class 1E and two Non-Class 1lE a-c power distribution panels are pro-
vided td distribute a-c power from the inverters to the 120 volt or 120/
240 volt uninterruptible loads. They are configured as one panel per in-

~verter for both Class 1E and Non-Class 1E equipment.
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Four Class 1E and Non-Class 1lE d-c.power distribution switchgear lineups are’
provided to distribute d-c power from the batteries and their associated

chargers. There is one lineup per station battery/charger combination.

Sixteen feet of control benchboard is provided in the main control board
lineup for control and data acquisition of the main generator and the

auxiliary electric power system.

One electric system relay panel lineup is provided for prqtection and meter-
ing of the main‘generator, the generator step-up transformers and the unit
and reserve auxiliary transformers. The main generator 'is protected by high
speed differential, ground current, loss-of-field, negative sequence over-
current, and veltage restrained overcurrent relays. The main generator, the
generator step-up transformers and the unit auxiliary transformers are pro-
tected by power directional overall differential relays. The reserve aux-

jliary transformers are protected by power directional differential relays.

Power and Control Wiring

Isolated phase bus is provided to interconnect genecrator terminals, GSU
transformer low voltage terminals and UAT high voltage terminals. This bus

is force-cooled with redundant active components in the cooling unit.

The plant wire and cable consists of three-conductor and triplexed single
conductor power cable, multi-conductor cable, coaxial, triaxial, shielded
twisted pair and multi-shielded twisted pair and shielded quad instrument
wire and containment -electrical peﬁetrations. Materials for insulation

systems are selected to '‘provide optimum system performance in the areas of
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physical stability, tensile strengtH, flexibility, aging characteristics,
resistance to abrasion, ozone (where required), water absorption, heat dis-
tortion, solvent extraction, irradiation, self-extinguishing and non-propa-
gating fire characteristics and resistance to corona effects where required.
Wires and cables are assigned to load groups, whether safety related or not,
in order to reduce the hazard of non-safety related cables being inadvert-
ently routéd between two redundant load groups. The same cable that is
qualified for use in Class 1E systems is used in Non-Class 1lE systems to
reduce the hazard of non-safety related cables being inadvertently routed

between two redundant load groups. The same cable that is qualified for use

in Class 1E systems is used in Non-Class 1E systems to reduce the hazard of
unqualified cables being inadvertently installed in Class 1E systems. In
addition to separation by lead groups, wire and cable is also separated by

energy level to reduce heating and arcing fault problems.

Wire and cable routing is governed by the following:

a. Requirements for the power supply, control network and/or instrum-
entation signals

b. Requirements for loading
c. Requirements for physical separation of redundant criteria

d. Avoidance of high hazard areas (e.g., areas subject to high ambient
temperatures, missiles, firest, and irradiation)

e. Areas having high ambient temperatures (e.g., areas near uninsu-
lated, main-steam pressure and relief valves)

f. Protection from missiles, fire, and/or irradiation, when required
g. Single failure criterion and the effects of common failure modes
h. Simpliéity of layout

i, Ease of insulation

j. Ease of access
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TABLE 3.7-1

SAFETY RELATED DESIGN BASES FOR THE ELECTRIC POWER SYSTEM -

Subsystems, equipment and components which are required to achieve a
protective function, to perform a protective action or to provide
power for engineered saféty features are Class 1lE design as defined
below.

Class 1E Design:

a.

Considers interactive effects of plant conditions and natural
phenomena to the extent that power required by the plant protec-
tion system and eangineered safety features are available during
abnormal and accident conditions.

- Is based on the safe shutdown earthquake (SSE) in order.to.

assure safe reactor shutdown and removal and dissipation. of re-
actor stored energy and decay heat for an indefinite period in
the event of an SSE,

Includes provisions to minimize failures due to flame or fire
damage and to detect, confine and promptly ‘extinguish any fire
which might occur,

. Includes provisions to allow periodic inspection and testing of

systems and equipment.

Class 1E power sources, power supplies, distribution systems and

load groups, have sufficlent separation and independence so that loss
of any group does not prevent the minimum safety actions from being
performed.

Class 1E load groups are provided with separate and independent power

supplies in order to prevent‘a common failure mode from being estab-

lished among the load groups. ‘

The degree of physical separation required for redundant Class 1E

equipment, including cable and raceways containing cable, is based
upon the hazards which exist in the vicinity of the equipment and

which would constitute a common failure mode between the redundant
equipment if no. separation existed. '
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TABLE 3.7-2

DESIGN AMBIENT CONDITIONS FOR ELECTRIC EQUIPMENT

Ambient Ambient
Temperature Radiation

Limit Limit

(°F) (Rads)
Type of Equipment : Equipment
Equipment Limit Equipment Space Equipment Space
Battery Max 90 N/A N/A N/A
Battery Min 77 80 N/A N/A
Cable Max 104 100 1 x 108 1 x 107
Cable ‘Min N/A ~ N/A N/A N/A
All Other** Max 104 100 N/A N/A
All Other**  Min 40% 50% N/A N/A

*0r above dewpoint temperature, whichever is higher.

**Sensitive relays and other electrical devices are placed in controlled
environment spaces such as the control room, as applicable.

3-107




TABLE 3.7-3

ACCEPTABLE PHYSICAL AND ELECTRICAL SEPARATION

Type Designation Used for Protection From:
A Physical Low Energy Missiles
Mechanical Protection
B Physical " High Energy Missiles
Radiation
C,D,E Physical | Heat
Eire
F,G,H Electrical Common Failure Mode

DETAILED DESCRIPTION

Type . Barrier. Example

A Metal ‘ Sheet metal on rigid frame
Rigid steel sleeve or plate
Rigid steel conduit

B Concrete Concrete block wall
Concrete foundation
Reinforced concrete wall

C Flame Resistant Mineral, wool or fiberglass

' Ablative coating

Asbestos cement sheet supported on light
steel frame ~ .

D Air Space 1'-0"** or 3'-0" in horizontal direction
' 3'-0"** or 5'-0" in vertical direction

E Minimum Air Space 6" in horizontal direction¥*
6" in vertical direction¥*

F Prohibition of sharing among redundant circuits unless electrical
isolation is provided by buffers. .

G Prohibition of automatic transfer of redundant safety circuits
between Class 1E power supplies or powar sources.

H Prohibition of automatic transfer of Class lE power supplies or
: power sources between redundant safety circuits.

*In conjunction with a barrier of Type A, B or C.

**In cable spreading areas only.
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3.8 ' INSTRUMENTATION AND CONTROL EQUIPMENT

General
The reactor plant instrumentation and controls enable the operator to start
up, operate and shut down the reactor and monitor the plant to assure the

safety of personnel and equipment.

Main Control Room

The main control room contains the C-shaped Main Control console consisting

of the following sections:

- Chemical Heat Pipe Control

- Recuperator Control

- Turbine Generator and Electric Distribution
- Feedwater and Condensate Control

- Main Steam Control

-°  Rod Control

- Plant Data Acquisition and Processing

The main control console contains video information and alarm displays, as
well as sufficient additional control and indication equipment to enable the

operator to control the plant under normal and plant upset conditions.

The Control Console is surrounded by vertical coqtrol boards for the NSS and
balance of plant (BOP) auxiiiary systems. The vertical control boards contain
the analog cdontrols, selectors, instrumenfs and digital logic hardware. The
vertical control boards are subdivided into several sections. They contain

the control hardware for.several systems such as:
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- Plant Protection System

= Main and After Heat Removal Coolant Ioops
- Plant Control

- NSS Support Systems

-  Turbine/Generator System

Plant Auxiliary Systems

flanb Data Acquisition and Processing gDAP)

The DAP system is a dual computer based instrumentation and processing system
designed for data acquisition, scanning, alarming and loggihg. The system
provides operator guidance and executes plant performance and physics calcula-

tions. The design objectives of this system are:

Reduce the amount of information that must be monitored by

the operator

- Improve the operator's decision making process and thus the
response time by providing the most relevant informatibn

- Reduce the size of the Main. Control Comnsole

- Provide dynamic alarm indication

- Provide graphic displays of interrelated system parameters and
system trends

- Provide compafative graphic displays of design limits against
actual operating data

- Provide core performance and fuel management data

- Provide turbine and reactor performance calculations and

displays

The DAP system has redundant dual central processing units, dual mass memory
subsystems, dual input data multiplexing subsystems and dual access to displays

and other peripherialé.
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Plant Control System (PCS)

The PCS regulates the power level of the reactor, controls the pressure and
temperature of the steam delivered to the turbine and the temperature of the
reformed gas stream leaving the gas reformer. These gontrols operate auto-
m#tically over the range of 257 to full power. Following a turbine/generator
or reactor trip or the loss of flow in the chemical heat pipe, feedwater is

automatically reduced, at a specific rate, to a predetermined value.

Reactor Protection System

The reactor protection system receives signals from nuclear instrumeptation
and process instrumentation bistables, control board pushbuttoﬁs and field-
mounted devices. These signals are evaluated in digital logic systems and
produce the actuation signals for reactor trip and engineered safeguard-actua-
tion. The sysﬁem automatically keeps the reactor operating within a safe
‘operating region by tripping the reactor when the predetermined safe operating
limits are exceeded. The sdafe operating region is defined by several equip-
ment limitations. Therefore, the protection system monitors those process
variables which are directly relatéd to equipment mechanical limitations.

Typical causes of reactor trips are:

- High Reactor Flux

-  High Reactor Power-to-Helium Flow Rate-Ratio
- High Reactor Power

- High Steam Refbrme; Inlet Helium Temperature
- High Primary Coolant Moisture

- High Primary Coolant Pressure

- Low Priméry Coolant Pressure

- Loss of Preferred Electrical Bus Voltage

-  Manual Trip
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Engineered Safety Features Actuation Systems (ESFAS)

The 'ESFAS continuously monitors vital plant pafametersf The monitored signals

are combined in logic 'matrices. These matrices monitor combinations indicative
of ‘potentially hazardous .conditions. When a potentially aangerous signal com-

‘bination is detected, the ESFAS initiates actuation signals to those engineered
safety feature systems whose aggregate functions best protect the fission

product barriers. The Engineered Safety Feature System consists of:

- After Heat Removal System (AHRS)
- Containment Isolation System (CIS)

- Contaimnment Air Purification System (CAPCS)

The AHRS is an automatically ‘initiated system utilizing four separate auxiliary
cooling loops which .serve -as backup for the main cooling loops. Any two
AHRS cooling loops are adequate to provide the safety function. Therefore,

instrumentation within a single loop is 'not redundant.

The containment isolation system monitors the hydrogen content, gamma radiation
levels and fission products in the atmosphere. 'Alarms are provided for high
hydrogen or high radiation level conditions. Permenent ‘records of measurements

sare provided in the control room.

Remote Shutdown Panel

A remote shutdoﬁn panel is provided for the orde;ly shutdown of the reactor

to a cold condition from a location remote from the main control room. This
panel makes shutdown possible when the main control room becomes inaccessible.
Located on this panel are the necessary controls and instrumentation channels
required to shut down the reactor, to cool it down through the use of suitable
procedures and to maintain it in a safe condition. The following controls and

indicators are provided:
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-  Reactor trip circuit breakers

- Log power level indication

- AHRSléufomatic initiation and main loop trip switch

- Steam reformer ‘inlet helium temperature indication

- Steam generator inlet helium temperature indication

- Helium temperature indication at the inlet to the heat
exchanger of the After Heat Removal System

-- Main circulator speed indication

- AHRS circulator outlet temperature indication

- Primary coolant mass flow indication (main loops)

AHRS circulator speed indication

Radiological Data Management System

The radiological data management system is in compliénce with the applicable
NRC licensing requirements and ﬁrovides informatipn concerning the  radiological
environment of the plant. The system enables tﬁe ﬁealth physicist and plant
operating personnel to maintain complete awareness, in real-time, of plant
radiatiop levels. Permanent records are automatically produced to satisfy

regulatory requirements. The system consists of:

a. Process Radiation Monitoring System
b. Effluent Radiation Monitoring System
c. Area Radiation Monitoring System

d. Data Acquisition and Processing System

‘Each monitor channel is complete with detector, preamplifief, digital buffer,
microprocessor with alarm outputs, and readout modules. The data acquisition
“and processing system is a computer-based system‘that collects the ;vailable

information from field-mounted detectors, performs the necessary calculations
and-dispiays the results on the CRT as required. The system assists in the

generation of required NRC reports.
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Neutron Monitoring System

The ;reactor powef.measurement is derived from the nuclear instrumentation
-used for honitoring the neutron flux level'from start-up to above rated power.
Seven complete Nuclear Instrument -channels are provide@. Three -.channels are
provided for thé start-up range. Three dual range channels (with logarithmic

mid range and linear power range) are provided and one linear control .¢channel.

The :system employs 15 neutron detectors. The three detectors, used in the
start-up channels are integrglgdith”the control rod drive penetrations -of .
three fuel regions and provide 120 degree separation. The remaining detec-
to;s are located (in pairs) in-each of six vertical wells in the PCRV at fixed

positions near the reactor .midplane.

Six out-of-core detectors are-used in the dual-range channels and provide

wide-range logarithmic and linear power signals to the PPS.

Six out-of-core detectors are used in the flux control channels which are

electrically separated from the protection channels.

Post Accident Monitoring

The post accident monitoring system is designed to assist the operator in
accident surveillance. The accident monitors he1§.to~determine the nature

.of the accident, to predict the .trend and to ascertain if corrective actions
of ‘the engineered safeguards system are funcﬁioniﬁg as required. In addition,
the-systgm provides the plant -operator with information necessary to assess
possible fuel or .system damage. Finally, it provides.material evidencelfor
post-accident investigation into the'cauéeSAand consequences of the event.
Recording of data for post accident review is not a safety related function

and can therefore be satisifed by the DAP system.
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Reactor Diagnostic System

Instrumentation is provided to record and analyze internal core motion. . The
" equipment includes data handling system for analysis. Should abnormal condi-
tions develop, the information provided by this system is used to decide if

- plant operation should continue.

Containment Atmospheric Monitoring System

The containment atmospheric monitoring system monitors the hydrogen content,
gamma radiation levels and fission products in the containment atmosphere.
Alarms are provided for high hydrogen or high radiation level conditions.

Permanent records of the measurements -are provided on control room recorders.

Containment Leakage Monitoring

The containment leakage monitoring system measures the containment overall
integrated leakage rate at the required periodic intervals. The system
measures and recbrds the absolute pressure, fhe dewpoint temperature, and

the dry-bulb temperature. Sensérs having high accuracy, resolution and
repeatability are utilized, since changes in the measured parameters are
small. The data acquisition system computes the confainment leakage based‘on

the measured inputs.

Instrument Racks

. The instrument racks take the form of an open rack. They are used to mount
iocal instruments such as pressuré transmitters, manifolds, pressure switches,
and other pneumatic instruments that connect directly with the process pipes.
The rack has a rigid structure, suitably braced, to withstand all stress
incidental to shippiﬁg, iﬁstallation and operation without warping or twisting.
Instruments, conduits and electrical devices are arranged such as not‘to be
placed in the paths of condensation, or water drains from testing or calibrating

instruments. Sufficient clearance is provided for maintenance of the instru<
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mentation without interruption of service. Provisions for collecting the
drains, when the instrument is removed, are provided. Suitably engraﬁed

pléstic nameplates are provided for each instrument.

Reactor Plant Ihstrument Tubing and fittings

The scope of supfly of instrument tubing begins at the first accessible root
valve at the piping and extends to the instrument'shutoff valve. Materials
and certification of instrument lines which are part of the pressure boun-

dary are in accordance with the Instrument Society of America Standards.
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3.9 TURBINE PLANT SYSTEMS

The turbine plant equipment includes the steam and power conversion system
components of the steam cycle. The thermal energy from the reactor is
utilized to produce steam within the steam generators and deliver it to the

turbine stop valve at 1600 psia of superheated steam.

A description of the turbine plant equipment is detailed in'the following
System Design Descriptions:

0 Turbine Steam System and Turbine Generator

0 Main Steam System

0 Condensate and Feedwater System

0 Condensing System

o Emergency Fegdwater System

0 Demineralized Water Makeup System

Other systems furnished are:

Turbine Building Closed Cooling Water System
A closed cooling.water system is provided with three 50% capacity motor
driven pumps, air tank and heat exchangers which dissipates heat to the main

cooling towers.

Chemical Treatment System -

The chemical treatment system is used to maintain the water chemistry of
the feedwater aﬁdlconsists of two hydrazine feed pumps, two ammonia feed
pumps,lone hydrazine storage tank-and one ammonia storage tank. The hydra-
ziﬁe.chemically removes the dissolved oxygen from the feedwater and  the

ammonia contvrols the pH.
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Neutralization System

The neutralization system consists of two pumps, a blower, and a tank. The
tank is used to chemically neutralize the spent reagent from the deminerali-

zation system to acceptable levels prior to dischargé.
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3.9.1

3.9.1.1

TURBINE STEAM SYSTEM AND TURBINE GENERATOR

FUNCTIONS AND DESIGN REQUIREMENTS

Functions

The function of the turbine-generator (TG) and the turbine steam system is

to receive steam from the main steam system and to transform the thermal

energy in the steam to electrical energy.’

Design Requirements

(o]

The turbine generator is designed for load following opefation.

Load changes are initiated by adjustﬁent of the turbine control sys-
tem load reference set point which positions the turbine admiésion
valve. The turbine first stage pressure'is sensed to control aver-
age coolant temperature. Changes in steam flow and feed flow are

sensed'aﬁd SG water level is controlled.

The turbine is designed for normal operation based on steam condi-
tions at the throttle valve, namely; 1600 psia, 999.5°F. ‘The steam

flow rate to the high pressure turbine is 6.84 x 106 1bs/hr.

The TG is designed for safe continuous operation at the maximum

capability (valves wide open - VWO).

The TG and the associated steam systems are capable of 27 percent
load reduction without causing a reactor trip by dumping steam into

the condenser through the turbine bypass system.

2.16 x 10° l1bs/hr steam is extracted from the HP turbine for the

process gas chemical system.
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3.9.1.2 SYSTEM DESCRIPTION

This system description includes the following: the turbine and the turbine
steam system, the reheaters, extraction steam system, the turbine control
system, turbine bypass system, the generator and the subsystems associated

~with the operation and control of the turbine generator.

The heat balance for the turbine cycle is sho&n on Drawing 7122.001-PBR-023.
The turbine steam system piping/flow diagram is given on Drawing 7}22.001-
PBR-018. Drawings 7122.001-PBR-010 and 7122.001-PBR-011 éhow the plan of
the turbine building, the heater bay, and the equipment arrangement in these

lbuildings.

The turbine steam system and the TG are non-nuclear safety, with associated
piping designed in accordance with the Power Piping Code, ANSI B3l.1. Pres-
sure containing vessels are designed in accordance with the ASME Boiler &

Pressure Vessel Code, Section VIII, Division 1.

Generator rating, temperature rise, and insulation class are in accordance

with the latest ANSI Standards, C50.10 & C50.13.

Turbine and Turbine Steam System
The furbine is 3600 and 1800 rpm, cross-compound, two flow machine with 43-
inch last-stage blades. It consists of two cylinders: one double flow high

pressure -cylinder and one double flow low pressure cylinder.

Steam from the main steam header is admitted to the high pressure turbine
through the turbine stop and control valves. The main stop valves are

welded directly to the inlet connections of the control valves.



The exhaust steam from the LP turbine flows into individual sections, or
shells, of the main condensers, where it is condensed by the circulating

water.

Tugbine extr#ction steam, used for feedwater heating, is faken from five ex-
traction points: one from the exhaust of the high pressure turbine, and

four from the low pressure turbine casing. Four stages of closed feedwater
heaters are pro#ided. In addition, steam is extracted from the high pressdre
turbine casing for use in the process gas chemical system where it is mixed
with methane in pipeline mixers. Motor operated block valves and power-
assisted non-return valves‘in the extraction piping protect against the
possibility of turbine water induction or overspeed due to energy stored in

the extraction steam system.

Turbine generator bearings are lubricated by a conventional pressurized oil
system; the main lubricating oil pump being driven from the turbine during
normal operation. During startup or shutdown, a-c motor driven pumps supply

bearing oil to the 1G.

The design‘conditions for the turbine are:
a. Steam pressure at stop valve 1600 psia
b. Steam temperature at stop valve 999.5°F

c. Turbine back pressure (design) 3.75 in. Hg. Abs.

d. System makeup 2.16 x 10% 1bs/hr for process gas
steam

e. Tinal feedwater temperature 355°F

f. Rated steam design flow 6.84 x 10° 1b/hr

g. iOS‘percent of rated flow 7.182 x 10° 1b/hr
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Turbine Control System

The turbine control system is capable of remote manual or automatic starting
. and loading of the unit at a preset rate, and holding speed and load at a
preset level. The system contains valve positioning, operating and tripping

devices with provisions for testing valve operation.

The turbine control system is an electrohydraulic control (EHC) and consists
of three major units to minimize interactions. A speed control unit com-
pares actual turbine speed with the speed reference, or éetual acceleratiqn
with the acceleration reference, and provides one' speed errof signal for the
load control unit. The load controi unit combineslthe speed error signal
with the load reférencé sigﬁal, and provides limits and biases fo determine
desired steam flow signals for the turbine stop valves, turbine control
valves, and intercept valves. Finally, the valve flow control units
accurately position the appropriate valves to obtain the desired steam flows

to the turbine.

A high pressure fluid systemvis provided to convert the low power level sig-
nals from the EHC circuits to high powered level mechanical outputs for po-
sitioning steam valves. This system consists of a fluid reservoir, two in-
dependent pumping systems, fluid coolers, accumulators, a fluid transfer and

filter unit.

Lubricating and 0il System

The functions of the lubricating oil system are to receive store, purify,
cool, and provide lube oil to the thrust and journal bearings of the main.

turbine-generator and the feedwater pump turbines, to provide oil to the
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generator hydrogen séal oil system, and to provide high pressure oil to the

turbine control system.

The lubricating oil system consists of two integrated sections: (1) the
turbine-generator lubricating oil section which includes the bearing oil
pumps, turbine lubricating oil reservoir, and fhe oil coolers; and (2) the
lubricating oil cénditioning and storage circuit consisting of clean and
used oil storage tanks, an oil purifier, and a motor driven transfer pump.
The pump is a positive displacement type, capable of two-speed operator to

accomplish both the transfer and circulation requirements.

The clean and used oil storage tanks are located inside a fireproof room
equipped with a trap drain, water sprays, and vent fans. The pumps and
piping are arranged so that oil can be processed from the turbine lubrica-
ting oil reservoix or either of the storage tanks. The processed éil can be
reéturned to either of the storage tanks or to the turbine 1ubricatiné oil

reservolr as required. Vapor extractors purge oil fumes from the reservoir

and exhaust them to the atmosphere outside the turbine building.

Lubricating oil to the turbine-generator is normally supplied from a.tur-
bine shgft driven pump. An a-c motor driven turning-gear oil pump suéplies
bearing lubrication for startup, shutdown, and standby operation when a-c
power is available. A d-c motor driven bearing oil pump, operated from the
normal station battery, ensures bearing 1ubricatioﬁ in tﬁe event a-c power

fails.
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Turbine lubricating oil coolers, located in the turbine lubricating oil
reservolr, remove heat generated in the turbine-penerator bearings and trans-

fer it to the turbine plant component cooling system.’

‘Turbine Gland Sealing System

The turbine gland sealing system provides sealing steam to the main turbine
and the two steam generator feed pump turbines. The sealing system prevents
the leakage of steam from the turbine packing glands into the turbine build-

ing and also prevents the leakage of air into the main condenser.

The annulus space between the turbine shafts and the casings is sealed by
steam gupplied to labyrinth.packings. The labyrinth packing seals against
vacuum on one>side by allowing the sealing steam to ieak outward to a vent
annulus ;hat is maintained at a slight vacuum, and seals against atmospheric
pressure on'the other side by allowing a small.améunt 6f leakage inward.

The vent annulus also receives air 1eakage from the outgide;. This air-steam
mixture is then conducted to the gland condenser. When the packing seals

against positive pressure, the sealing steam connection acts as a leakoff.

The steam seal headér'is automatically regulated at & psig. At startup and
low loads auxiliary steam or main steam is used for the seals. At higher
loads when the amount of leakoff from the pressure paékings is more than
. that required by the vacuuﬁ ﬁackings the excess is discharged to the gland
condenser. The gland coridenser returns seal leakoff to the condenser as a

condensate.

3-124



The cooling medium for the gland condenser is the-condensate system. During
normal plant operation noncondensible gases are removed from the gland con-

denser by a motor-driven blower, and discharged to the atmosphere.

Turbine Bypass

On a'large external electrical load decrease (up to 27 percent), the turbine
bypass system relieves main steam directly to the condenser, thus preventing

a reactor or turbine trip and lifting of the main steam safety valves.

The turbine bypass system includes a turbine bypass header, branching from
the main steam manifold in the main steam system and individual bypass lines
connecting the bypéss header to the conden;er. An isolation valve, a tur-~
bine bypass control valve, and a second isolation valve are mounted in

series on each individual turbine bypass line.

An uncontrolled plant cooldown caused by a single valve sticking open is
prevented by the use of a group of smaller vaives installed in parallel in-

stead of a single larger valve.

The full capacity of thetturbine bypass system’is 27 percent of maximum cal-
culated steam flow at full load steam pressure which, together with the NSSS
transient capability, meets the above design reqﬁirement. This steam flow
is equally distributed among the two condenser shells by the proper opening

sequence'of the turbine bypass control valves.

After a normal shutdown of the turbine-generator leading to plant . .cooldown,
the turbine bypass control valves are opéned to release steam generated

from reactor coolant system sensible heat. Reactor cooldown, programmed to
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minimize thermal transients and based on sensible heat release, is accom-
plished by gradually decreasing the setpoint of a steam pressure controller.
This closes the turbine bypass control valves, thus tfansferring'the cooldown

process to the after heat removal system.

Generator

The two generators are sized to accept the output of each turbine at rated
steam conditions. The 3600 rpm generator is a direct—coupled; 25,000 volt,
3 phase, 60 Hz unit rated At 416.9 MVA with 0.90 power factor and the 1800
rpm generator is a direct-coupled, 25,000 Volt, 3 phase, 60 ﬁz unit rated at
310 MVA with a 0.90 power factor. It is a totaliy enclosed hydrogen cooled
type with deionized waﬁer as the liquid coolant. The generator is equipped
with an excitation system, hydrogen control system and a seai oil system.
The generator terminals are connected to the main stepup transformer and

unit station service transformers with generator isolated phase bus leads.

The generator rotor is furnished with an internal cooling system including:
hydrogen coolers, terminal bushings, instruments, grounding ﬁads, seal hous-

ing insulation, foundation plates, shims, and speciél tools.

The ‘generator stator is furnished with the following'external'equipment:
deionized water circulating and cooling unit assembied on a skid and in-
cluding storage tank, pumps, coolers, deionizer, flow meter, conductivity
cells, gauges, piping, valves, filters, instruments, and regulating equip-
ment, stator winding control cabinet assembled and combined with the hydro-
gen control caﬁinet including annunciator, generator automatic runback

logic and all necessary control devices.
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The generator hydrogen system includes: two hydrogen coolers, one skid
mounted seal oil unit, hydrﬁgen manifold with one bottle pressure regulator
with high and low pressure gauges, pressure switch for hydrogen supply pres-
sure "low" alarm, shutoff valves ahd bottle connectors, generator hydrogen
pressure regulator, hydrogen storage bottles, control cabinet, temperature

detectors, and special tools.

The alternator bearings, the silicon diode réctifier assemblies, the main
generator collector and the brush rigging are all totally enclosed within
the alternator exciter housing with suitable heat exchangers and means for

" circulating air. The closed ventilation circuit is equipped with water to
air coolers located in the exciter frame. The excitation switchgear is an
integrated unit of standard low voltage, located indoors, and metal enclosed.
The function of thg excitation switchgear is to connect, recfify and control
excitation to the a-c alternator exciter from the alternator stator, and to
provide voltage regulation by adjustment qf the generator fieldAvoltage

(d-c regulatorj 6r the generator terminal voltage (a-é regulator). The ex-
citation switchgear houses the exciter‘field breaker, the thyristor reguia-

‘tor bfidge and the a-c and d-c regulator logic.

Exciter
The exciter is a direct driven alternator and stationary silicon diode rec-

tifier type.

Gas Systems.

The carbon dioxide system consists of a four ton liquid carbon dioxide stor-

age unit with refrigeration system, vaporizer, relief valves and two pressure
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reducing valves. Carbon dioxide is used for purging hydrogen from the gen-
erator housing during shutdown, and for purging air from the housing before
being filled with hydrogen during startup. Sufficient capacity is provided

to twice purge the system of air and once of hydrogen.

Hydrogen gas is used to cool the rotor of the generator and is circulated
within the génerator housing under pressure. Two shell and tube type cool-
ers at the ends of the generator are supplied with cooling water to dissi-

pate the rotor heat and wind losses.

The hydrogen is supplied from a series of bottled containers which are in-
dividually connected to a manifold. Thé manifold is equipped with a relief

valve and two pressure regulators,with isolation valves.

Enough hydrogen ,supply. is provided to fill and pressurize the generator once

and supply the required makeup for a nominal period.

3.9.1.3 OTHER TURBINE PLANT EQUIPMENT

Turbine Building Closed Cooling Water System

A closed cooling water systemiis provided with three 50 percent capacity
(5000 gpm each) motor driven water pumps, expansion tank and heat exchangers,
which dissipates heat to the main cooling towers. The ﬁeat exchangers are
two 50 percent capacity shell and tube type, designed for a flow rate of

5000 gpm on both the shell and tube sides. The tubes are 90-10 CuNi ma-
terial, and supply 105 F water to the system baséd on a supply water tempera-

ture of 97 F from the plant service water system.
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. Chemical Treatment System

The chemical treatment system is used to maintain the water chemistfy of the
feedwater and consiéts of two hydrazine feed pumps, two ammonia feed pumps,
one hydrazine storage tank and one ammonia storage tank. The hydrazine
chemically removes the dissolved oxygen from the feedwater and the ammonia

controls the pH.

Neutralization System

The neutralization systém consists of two pumps, one blower and one tank.
The neutralization tank is used to chemically neutralize the spent regener-
ant from the demineralization system and condensate polishing system to

acceptable levels prior to discharge.
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3.9.2 MAIN STEAM SYSTEM

3.9.2.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions

The Main Steam System shall perform the followingAfunctions:

The Main Steam System (MS) shall convey steam produced in the superheating

section of the steam generators to the HP turbine.

The Main Steam Bypass System shall provide a flow path.for the steam genera-
tor effluent when the turbine generator is noF operating, duriné low load
conditions (less than 257 of rated turbine generatérAload), or atAany other
" time when the stéam generators are producing more steam than needed by the

turbine.

Design Requirements

The Main Steam System shall meet the following design requirements:

"Main Steam System:

a) The Main Steam piping from the six steam generators to the HP tur-
biné shall be designed to carry 100% of the rated main steam flow
within the maximum permitted pressure drop of 15 psi. |

b) Under emeréency conditions, (i.e., tubé leakage in the steam géner-

'étor(s) or high containment pressure), the ﬁain Steam line(s) from
éach individual steam .generator shall be capable of isolation with-
in 20 seconds, on receipt of the relevant signal. Double isolation
valves shall be provided outside of containment.

¢) The steam generator superheatef(s)'shall each be protected from
overpressure by spriﬁg loaded code safety-relief valves capable of

relieving 1007 of the steam flow to atmosphere.
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Main Steam Bypass System:

a) The Main Steam Bypass System shall be sized to bypass 27% of the
rated Main Steam flow from the superheater'sections.of all six
steam generafors.

b) Additional controlled overpressure proteétion shall be provided for
the steam generator(s) superheat/economizer section by pneumatically
operated pressure control valves capable of discharging the remain-

ing 73% of the rated steam flow to the atmosphere.

General Requirements:

The Main Steam System outside of the reactor containment isolation
valves 1s not required to ensure a safe reactor shutdown or cooldown
and will ﬁot result in doses at the site boundary in excess of O.S.Rem.
it is, therefore, classified as Safety Class NNS and non-seisﬁic
Category I and is designed in accordance with ASME Section VIII and

ANSI B31.1 code requirements.

The Main Steam System from the reactor containment isolation valves to
the steam generators is Safety Class 2 and seismic Category I and is

designed in accordance with ASME Section III Class 2 code requirements.

3.9.2.2 SYSTEM DESCRIPTION
The Main Steam System is comprised of associated piping and valves with in-
strumentation and automatic/remote controls necessary for all modes of

plant operation to perform the functions and design requirements.

The Main System shall provide steam, as required, for the plant auxiliary

equipment usage during normal operations.
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During startup and shutdown operations when the main steam is not available,

the Auxiliary Boiler System shall deliver steam to the auxiliary steam dis-

tribution system.
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3.9.3 CONDENSATE AND FEEDWATER SYSTEM

3.9.3.1 FUNCTIONS. AND DESIGN REQUIREMENTS

Functions

The Condensate and Feedwater Systems shall autoﬁatically deliver a éontinuqus
flow of feedwater to the steam generators during normal plant operation and
provide a Non-Nuclear Safety '"héat sink'" for reactor energy when the main

turbine generator (T-G) is not operating.

The Condensate System shall condense the main T-G exhaust, boiler feedwater
pump (BFP) turbine exhaust, turbine gland steam and shall provide storage
capacity to ensure an adequate supply of condensate for all anticipated modes

of plant operation.

The Feedwatér-System shall provide for regenerative-heating of the feedwater
and shall isolate and drain affected steam generatoré upon receipt of a tube
leak signal from the Moisturé Monitors. The systems shall deliver conden-
sate/feedwater'to Fhe steam génerators and other systems (1f and when re-
quired), at the temperature, pressure, and chemistry as specified by NSSS

requirements.

Design Requirements

The Condensate System shall contain three 50% condensate pumps, each sized
to handle 607 of the guaranteed heat balance condensate flow, at 105% of the

calculated system head.

The Teedwater System shall contain two 507 feedwater and booster pumps, each
sized to handle 55% of the guaranteed heat balance feedwater fleow to the

steaw generators at L05% of the calculated system head.
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The systems combined storage capacity of the condenser hotwell and the
deaerating feedwater heater storage tank (DFT) sﬁall be at least seven min-
utes supply of condensate at maximum flow conditions.” The DFT capacity
shall be sized to hold at least four minutes maximum flow of feedwater on

loss of condensate flow.

The Condensate and Feedwater Systems are required to interface with the
following systems:
a) Auxiliary Steam System: condensate is returned to auxiliary boiler
deaerator during staft-up, shutdown and refueling operations.
b) Demineralized Water System: supplies make up water to the conden-~

sate storage tank.

The Condensate and Feedwater Systems upstream, but not including the reactor
containment feedwater isolating valves, are not required td ensure safe re-
actor shutdown or cooldown and will not result in doses at the site boundary
in excess of 0.5 Rem. They are, therefére,.classified as Safety Class NNS
and non-seismic Category I. System components are generally designed in

accordance with ASME VIII and ANSI B3l.1 code requirements.

The Feedwater System from and including the reactor containment isolation
valves to the steam generators are Safety Class 2 and seismic Category I and

are designed in accordance with ASME III, Class 2 code requirements.

3.9.3.2 SYSTEM DESCRIPTION

The Condensate and Feedwater System consists of storage facilities, heat
transfer equipment, condensate polishing equipment, pumps, and associated
piping, valves, instrumentation and controls mecessary to .perform the func-

tions and design requirements.
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A Condensate Storage Tank, 600,000 gal. capacity, acts as a surgeiand supply
tank for the system during plant operation and proﬁides a reservolr for sys-
tem cleaning during start-up. Level instrumentation automatically controls

the demineralized water supply to the tank.

Two 100% capacity Transfer Pumps, deliver makeup water from the Condensate

Storage Tank to spray nozzles over the condenser tubes.

Two single shell, siﬁglg pass, condensers each with 166,575 sq. ft. of sur-
face area.are located directly under the LP tﬁrbine to receive and condense
the exhaust steam from the LP énd BFP turbines. The condenser hotwell high
and low level contfols initiate mékeup from, or overflow to, the condensate
storage tank. Conductivity monitors are provided to measure leakage of cir-

culating water into the hotwell, indicating condenser tube failure.

Condensate pumps, rated at 7,152 gpm each, are used to ﬁransfer the conden-
sate from the hotwell through the gland steam cpndenser, condensate polishers,
and feedwater heaters to the deaerating feedwater heater.. Automatic recir-
cuiating bypasses from the condensate pump discharge header to the condenser

hotwell assures minimum flow to protect the pumps.

A full flow, deep-bed type, Condensate Polisher is provided having six tanks "

on line and one spare.

The half size, closed feedwater heaters Nos. 1, and 2 are arranged in parallel
feedwater trains, with provision for bypassing to permit flexibility in op-

erating the plant on loss of heater(s).
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The Deaerating‘Feédwater»Heater (rated capacity 6.84 X 106‘1hs/hr) is a

single heater receiving.condensate from the No. 2 heaters and is provided
with high and low level controls to automatically maintain the correct water

level in the Deaefating Feedwater Heater Storage Tank to insure adequate

supply of condensate to the two 507 capacity Feedwater Booster Pumps.

The Feedwater Booster Pumps transfer condensate from the Deaerating FW Heat-
er Storage Tank through half sized FW Heaters No. 4 to the two 55% capacity

Main Feedwater Pumps.

The Main Feedwater Pumps, rate& at 8,437 gpm each, deliver the feedwater to
the six Steam Generators; the principle features of the.system downsﬁream of
the feedwater pumps are:

a) Each Main Feedwater Pump discharge line is provided with a motorized‘
stop-check valve and a combination'check/automatic recirculating
control valve (reéirculator to Deaerating Heater).

b) Each individual supply line to the steam generators is provided
with two hydraulic actuated, quick closing isolétion valves in
series, arranged for rapid closure on a high moisture signal (tube
leak) from Plant Protection System. One of’the valves is also .used
as a control/trim valve for averaging the flow between all the .
steam generators. |

c) The Steam/Water Dump System, operates in conjunction with the steam

_generator tube failure isolation signal, to open the two hydraulic
actuated steam/water dump valves at each steam generator feedwater

inlet, to release the contents of the affected steam generator.

Temperature, pressure and flow monitoring through the system provides sur-

veillance during all phases of normal and off-normal operation of. the plant.-
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3.9.4 CONDENSING SYSTEM

3.9.4;1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions

The objective of the condenser system is to provide a heat sink for the low.
pressure turbine exhaust steam and the boiler feedwater pump turbine exhaust
steam. It also receives drains from the two low pressﬁre feedwater heaters
and a qomplément of makeup water equal to that which was divertéd to the

steam/methane mixer.

Design Requirements

The condenser is capable of accepting a 2.8 x 109 BTU/hr heat load at the
rated turbine loads and with the process plant using 2.16 x 100 1b/hr steam
accept 1.87 x 106 lbs/hr of bypass steam flow based on 27 percent of full

load steam flow without exceeding the turbine low vacuum trip point.

The condenser has been designed to deaerate the condensate and limit the

oxygen content to 0.005 cc/liter at ény load during normal operation.

3.9.4.2  SYSTEM DESCRIPTION

The main condenser system consists of two deaeraging, double-pass, single
pressure, radial flow type surface coﬁdensers. Each 50% capacity condenser
is located beneath the low-pressure cylinder with the tubes oriented trans-
verse to the turbine-generétor axis and is rigidly supported on a foundation..
The steam passes through piping which exhausts directly down into the con-
denser shells after,leaving the exhaust openings in the bottom of ﬁhe low
pressdre turbine casing. The'condenSers also receive steam from the steam-

generator feedpump turbiunes.
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A stainlesé steel expansion joint is installed between the upper aud lower
steam inlet sections to permit movement resulting from the temperature
changes of the equipment. Cross connections are provided for equalization
of pressuré between condenser shells. Provisions have been made for the
mounting of two one-third capacity low pressure extractlion feedwater heaters
in the neck of the condensers. The hotwells are sized for a minimum of 3-

minute storage.

The main condenser system willAproduce a backpressure of 3.5 inches of mer-
cury absolute, when operating at rated turbine output with 96.4°F cboling
water and 85 percent clean tubes. Valving is provided so that the condenser
flow may be reversed for backwashing the circulating water piping to control

marine growth and fouling.

‘Copper/nickel tubes are used throughout the condenser. The condenser tube
sheets are copper/nickel. The condenser shells, tube support plates, and

waterboxes are constructed of carbon steel.

The condenser maintains a negligible oxygen concentration in the effluent
condensate by limiting subcooling and thereby limiting gas solubility.
Mechanical vacuum pumps evacuate the noncondensible gases during normal op-

eration and during startup.

The main condenser system is designed as a non-nuclear system. The ex-
traction steam and turbine drain pipinyg located internal to the condensers

are designed in accordance with the Power Piping Code, ANSI B31.1.
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Condenser Design Parameters

Numbef of shells per unit TWU - 1/2 Size
Total condensing surface o 333,150 sé ft
Numbef of passes per shell . 2 |

Tube size . 1" x 19 BWG
Tube length | 37.1

No. of tubes per shell 17,130

Tube material : | ' 90/.10 copper-hickel
Circulating water flow | ' 310,600 gpm
Tube velocity - " 7.5
‘Temperature rise 18°F

Condenser pressure - désign 3.5 Hg absolute
vInlét water tempeérature - design | 96.4°p

Equipment is provided to regenerate the demineralizer resins. Wastes from

this regeneration are discharged to the radioactive liquid waste system.
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3.9.5

3.9.5.1

EMERGENCY FEEDWATER SYSTEM

FUNCTIONS AND DESIGN REQUIREMENTS

Functions

The function of the emergency feedwater system 1is to ensure a sufficient

supply of cooling water to the steam generators so they can act as heat

sinks for sensible and decay heat removal from the reactor core under the

following events:

(o]

[o]

Design

Loss of normal feedwater supply.
Loss of normal feedwater supply coincident with a loss of offsite
power.

A single failure of any component.

Requirements

The system starts automatically on a loss of sgation power, a safe-
guard sequence signal; a trib of both steam generator feed pumps,

or a 2/3 low-low level signal in any steam generator.

The system is safety related and seismic»Category I.

The system, from and including the containment isolation valves and
up to the connections with the feedwater system, is designed in
accérdance with ASME B&PV Code, Section I1I, Class 2.

The balance of the system is designed in accordance with ASME B&PV
Code, Section III, Ciass 3. |

The system delivers sufficient emergéncy feedwater to the steam gen-
erators following loss of normal feedﬁater to prevent lifting of the

pressurizer relief valves caused by temperature and pressure build-

up in the reactor coolant system.
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o -The steam delivers emergency feedwater against a steam generator
pressuré corresponding to the lowest main steam safety valve set

pressure plus accumulation.

3.9.5.2 SYSTEM DESIGN DESCRIPTION

Upon loss of feed&ater flow, the reactor is made subcritical by control rod
inseértion. Decay and sensible ﬁeat will be transferred to the steam genera-
tors by the reactor coélant systém. When power is not available for the
primary coolant circulators, natural circulation will suffice. Heat is re-
moved from the steam generator via the safety and relief valves, and the
continuation of the process is maintained by water makeup from the emergen-
cy feed water system. The emergency feedwater systeﬁ is designed to oper-
‘ate until the reactor coolént system pressure is reduced to a value belowi

which the residual heat removal system can be operated.

The emergency feedwater system pumps unheated water from the condensate
storage tank to the steam generators, and is comprised of one motor-driven
pump, one turbine-driven pump and a system of piping, valves and orifices.

Either pump has sufficient capacity to satisfy the above design requirements.

An adequate reserve of water is always maintained in the condensate storage
tank (approximately 600,000 gallons), and makeup to the tank is available

from the demineralized water makeup system.

The mofor;driven pump, pump controls and actuating signal are powered from
an emergency bus. Steam for the steam turbine-driven pump is supplied from
the main steam System via air-operated valves. The solenoid operators con-
trolling the air-operated valves are supplied power from separate battery

sources.
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Both pumps feed a header which in turn supplies four air-operated.flowilim-
iting valves. Each valve is normally in the open position when the system
is not operating. The vélve'fails to the open positioﬁ on loss of air.
During system operation, the wvalve closes to a position which regulates the
minimum flow; The valve controller receives operating air from its own air
regulator. The air reguiator operates to maintain a differential pressure
écross the flow orifice which corresponds to the desired flow rate. Should
a valve fail to the open position, flow is limited by the flow orifice,
assuming a downstream pipg rupture and both auxiliary feed pumps operating.
Air is furnished from an air receiver located in the emergency pump room.
The receiver is supplied by the station instrument aif system through two
check wvalves afranged in series. The receiver is alarmed in the control room-
should its pressure fail below the minimum requirement. Each flow limiting
valve is fitted with a handwheel for manual operation. The flow iimiting

function is accomplished without electrical input.

Downstream of each air-operated flow limiting valve, the emergency feed line
joins one of the steam generator feed lines outside the containment. The
combined feed line enters the containment through a single penetration and

feeds a single steam generator.

In the automatic mode, emergency feed regulation utilizes a flow control
valve using the pressure drop across the .orifice to limit the flow to each
steam -generator. In the manual mode, the valve will be controlled by an

operator to provide the flow reqﬁested.

3-142



The combination of one turbine-driven and one motor-driven emergency feed-

water pump provides a diversity of power sources to assure delivery of con-

densate under an emergency condition.
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3.9.6 DEMINERALIZED WATER MAKEUP SYSTEM

3.9.6.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions
The Demineralized Water Makeup System provides and maintains a supply of
treated water for makeup to the power conversion system, to the process gas

chemical system, and to other plant process requirements.

Design Requirements

Water for the makeup system is obtained from the raw water supply. Two 100-
percent demineralizer trains, each having a capacity of 6,800,000 gallons

per day for the system.

The demineralizers will produce water of the following quality:

Specific conductivity at 25°C 1 micromho/cm
pH at 25°C 6~8

Siliéa (as Sioz) : 0.02 ppm
Chloride (as Cly) 0.02 ppm

The Demineralized Water Makeup System is not a safety related system.

3.9.6.2 SYSTEM DESCRIPTION

The raw water passes through a train of clarifiers, sand filters, and a
vacuum deaerator for turbidity control and removal of oxygen. From there
the water passes through two 100-percent parallel lines of demineralizérs.
Each line of demineralizers consists of a strong-acid (cation) eXchgnger,‘a
strong base (anion) exchanger»and a mixed-bedAexchanger. The treated watgr
is then pumped to the condénsate sforage tank and demineralized water stor-

age tank.
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Each demineralizer line has a capacity of 6,800,000 gallons per day for the

' system,

The system includes in-line acid and caustic sysﬁems for regeneration re-
quirements. The regeneration system includes pumps, metering equipment, di-
lution tanks and dilution control. Storage tanks are provided for the con-~
centrated sulfuric acid and 50 pércent sodium hydroxide each having a

capacity of 5,000 gallons.

The effluent is discharged into a 600,000 gallon condensate storage tank and

two 600,000 gallon demineralized water storage tanks.
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. " ) .
3.10 RADIOACTIVE WASTE MANAGEMENT SYSTEMS

The radioactive waste management system is providad to remote radioactive
contaminants -from the plant systems waste prior to discharge into the en-

vironment or shipment to a site for permanent disposal.

A description of the systems is provided in the following system Design
Description:
o Radioactive Liquid Waste System

0 Radioactive Gas Waste System

3-146



3.10.1 RADIOACTIVE LIQUID WASTE SYSTEM

3.10.1.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions.

The Radioactive Liqﬁid Waste System shall provide the capability to collect,
hold, and process the potentially radioactive liquid effluent from various
NSS and BOP systems. After processing, the radioactive liquid waste systems
shall have the capability of holding, recycling; or .discharging the purified

waste.

Design Requirements

The radioactive liquid waste system shall have the capability of holding and
processing the NSS component effluent. The radioactive liquid waste syétem
shall have the capability of accepting liquid effluent from the helium puri-

fication system at 780 psia and 515°F.

This system shall provide drains and sump collection of all potentially
radioactive liquid effluent throughout buildings and areas which contain

- primary plant and auxiliary systems.

The radioactive liquid waste system shall also provide the capability of
solidifying high activity and high conductivity liquids fér shipment off

site.

The radioactive liquid waste system is not essential to the safe shutdown of
the réactor nor would its failure result in site boundary doses in excess of
0.5 Rem. .The RLW system is therefore classified as non-nuclear safety aﬁd
non-seismic Category I. RLW components shall be built in accordance with
applicable ANSI, ASME Section VIII requirements and manufacturer'$ standards

otherwise applicable.
3-147



The radioactive liquid waste system shall provide for the cqllection'and
processing of liquid effluent originating in the following systems as de-
scribed below: |
a> Helium purification cooler and regeneration cooler drains.
b) Primary coolant system éteam generator drains (and steam/water dump
tank drains, if applicable) following tube failure.
c¢) Decontamination system drains.
d) Radioactive Gas Waste vacuum drain tank effluent.
e) Radioactive laundry and safety shower drains.
f) Equipment and floor drains in potentially fadioactive systems and
plant areas (through these drains, interfaces exist with all other

reactor plant and auxiliary systems).

3.10.1.2 SYSTEM DESCRIPTIONS

The Radioactive Liquid Waste (RLW) system consists of processing equipment
tanks, pumps, piping and valves. The RLW system utilizes filtration, de-
mineralization, reverse osmosis, and solidification, as necessary, to col-
lect, hold, and process the radioactive liquid effluent. Normally, after
processing, the water is recyecled for inplant use; however, the RLW system
has the capability to discharge to the cooling tower blowdown if water

quality or plant water balance so dictate.

Floor and equipment drains are collected in the sumps of the various build-
ings. A high sump level automatiéally initiates tfansfgr of the contents

to the on line waste collector tank. A waste collector tank, when full, is
recirculated and sampled and then released for processing at a maximum rate

of 50 GPM.
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The radioactive liquid waste is treated first'by a 5 micron absolute filter.
The filter unit consists of two parallel filters, each capable of passing a
25 GPM flow rate. The filters are backwashed periodically to the slurry col-
lection tank. The slurry collection tank contentg are periodically deéanted

-and the decant is also reprocessed through the filter.

The filter discharge is returned to the collection tank of origin with a 10
GPM side stream being diverted to the reverse osmosis unit for processing to
.reduce the conductivity below 50 micromhos The side stream is monitored,
and, if conductivity is less than 50 micromhos, diverted quickly to the per-
meate storage tanks. When bypassing the R.O. unit, the side stream flow may
be increased to limit unnecessary recirculation to the waste collector tank.
Effluent from the R.0. unit is collected in the permeate tanks,‘except for
the brine stream which is sent to the brine cut tank for reprocessing through
the filter and R.0. unit until sufficiently concentrated at which time it is

solidified for off site shipment.

When the permeate tank is filled, the alternate permeate tank is connected
and the contents are recirculated and sampled. If the conductivity islbelow
0.5 micromhos and the activity is below 2 mr/hr the contents are transferred
‘to the holdup tanks for reuse. If not, the contents are demineralized in
the mixed bed demineralizers and its effluent stored in the holdup tanks.
The demineralizers are capable of being chargea with a variety of non-
regenerable resins to reduce conductivity to less than 0.5 micromhos. Spent
demineralizer resins are processed via the slurry collection tank fo‘the

. shipping cask.
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Specific components such as the helium purification oxidizer coolers and re-
generation module and the radioactive gas waste system vacuum drain tank

drain directly to the high activity waste collection tank.

Effluent from the slurry collection, brine cut, and high activity waste col-
lector tanks are injected into a shipping cask and dewatered. A catalyst
and gsolidification agent are added to effect solidification for shipment

off site.

Prior to processing tank contents are piped to a remote sampling subsystem
which is provided to allow sampling of all tank contents before treatment or
release. Water chemistry is a manually controlled process ﬁtilizing stand

pipes on pump discharges.
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3.10.2 RADIOACTIVE GAS WASTE SYSTEM

3.10.2.1 FUNCTIONS AND DESIGN REQUIREMENTS

‘Functions
The radioactive gas waste (RGW) system shall collect all NSS and BOP system

waste gases that are radioactive or potentially radioactive.

Design Requirements

The RGW system shall provide temporary storage pending acceptable radiation
decay and disperse the gas at a controlled rate into the plant ventilation
system to maintain normal operational releases within the intent of

10 CFR 50 Appendix I limits.

The RGW system shall have the capability of compressing and transferring

those gases requiring further processing to the Helium Purification System.

‘The RGW system shall be Safety Class 3 and seismic Category I and shall be

designed in accordance with ASME.Section III Class 3.

3.10.2.2 SYSTEM DESCRIPTION

The RGW system consists of NSSS modﬁles containing a vacuum tank, drain
tank, compressors and-storage tanks. Potentially radioactive effluent gases
are collected in the high level collection header and sent to the RGW
vacuum tank which is maintained at sub-atmospheric pressure by the RGW coﬁ-
pressors. Any liquid waste present in the vacuﬁm tank is collected in a

drain tank and drained to the radioactive liquid waste system for processing.

The compressors discharge to the process module where the flow is either re-

turned to helium purification for further processing or to any of four RGW
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surge tanks. The surge tank contents are analyzed for activity level and-

then either transferred to the Reactor Service and Fuel Handling Building

vent via the 'low level subsystem, diverted to the helium purification system

- for further pfocessing or stored in the surgé tanks until the activity level

decays to a level compatible with release requirements. Normally only one
RGW surge tank is aligned to receive effluent and one other RGW surge tank

is aligned to vent stored effluent; the others are isolated, and will be se-

lectively valved on line as required.

The low level collection header feeds into theAprocess module which provides
a means for the direct disposal of gases normally expected. to be non-;adio-
active. Upon the detection of unacceptable activity levels the process
module has the capability to divert the low level collgction header flow to
the‘high level RGW stream for additional monitoring, holdup, and processing,

i1f required.
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3.11 PROCESS GAS CHEMICAL SYSTEM

3.11.1 FUNCTIONS AND DESIGN REQUIREMENTS

Functions |
The functions of the Process Gas Chemical System is to reform a gas-steam

mixture, process the gas, compress and deliver to various users who process
the gas and extract its heét, recompress and dry the gas, and return it for
continuous recycling. This process constitutes a chemical heat pipe system

for delivering energy to distant users from the Pebble Bed Reactor nuclear

power.plant.

Design Requirements
The process gas chemical system is designed to supply a total of 1,080,000
pounds per hour of gas to a pipeline for use at distances up to 100_miles_

from the plant site. Nominal composition of the gas 1is:

Component % Volume 7 Volume *
co : 23.1 7.4
CO2 3.0 12.4
H, 69.6 71.7
N, | 3.3 0
02 | 0.5 0
CH4 0.5 8.5

100.0 100.0

The gas will be returned after methanization from the point of use via a re-

turn pipeline. This gas will be mixed with steam resulting in the following

composition:

*Data from duplex steam reformer test in Germany (not used in this study).
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Partial

Component Lb/Hr Mol/Hr Pressure, psia
CH, 540,000 33,750 159
H,0 2,160,000 120,000 566

2,700,000 153,750 725

Steam-methane mixture will be fed to six steam-methane reformers in the PCRV,
The reformed gas will flow to water-cooled condensers, water separators, and
to glycol dehydration units to remove trace moisture to a minimum. After

the dehydration the gas is recompressed and sent into'the pipeline.

Thefprocess gas chemical system is a non-seismic Category I system. Those
portions of the piping systems that pass into the reactor containment are
Safety Class 2 from the reformer to and including the isolation valves in the

penetratioﬁs building.

3.11.2 DESIGN DESCRIPTION

The Process Gas Chemical System consists of the'fbllowingamajor components:
o Steam-methane pipe mixers
o Steam-methane reformers
o Recuperators
~ o Condensers
o Condensate  separators
o Dehydrators.
o Centrifugal compressors

o Cooling water system

Qutside of the plant-site boundary, the following major'compbnenfs are

required:
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o Supply pipeline

o Return pipeline

o Dehydr&;ors

o May‘also require céntrifugal compressors to return the gas to the

plant

Steam Methane Pipe Mixers

These mixers are an in-line component where steam is introduced to mix with
methane being returned from the users plant. The six units are each sized to
handle a flow of 90,000 1b/hr of methane and 360,000 lb/hr of steam at a

mixture condition of 725 psia @ 618°F.

Steam~Methane Reformer

Six steam-mgthéne reformers are located in the PCRV. These units contain a
replaceable catalyst and are heated with helium from thelreactor'core at a
' témperatufe of 1740°F with a 270°F temperature drop in passing througﬁ the
component. The gas mixture leaving the reformer contains 180,000 1b/hr of

gas and 270,000 1b/hr of water at 566 psia and 967°F.

Recuperator

Six recuperators are located in the PCRV steam-reformer cavity. These units
heat the incoming process gas stream and cool the leaving process gas after
reforming. The gas enters the recuperator at 625°F, enters the reformer at

931°F, leaves the reformer at 1255°F and exits from the recuperator at

967°F.
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Condensers

'Six watef cooled condensers are furnished to condense the water and cool
reformed gas stream. The gas and condensaté then flows through é moisture
separator where the condenséte is remoyed frém the gas stream. The gas mix-
ture entering the condenser is the same as that leaving the reformer. Exit

conditions from the condenser are 300 psia @ 120°F.

Heat duty in the condenser is 484.6 x 106 Btu/hr per loop. Each condenser re-

quires 21,550 gallons per minute of cooling water entering at 90°F and leav-

ing at 135°F per condenser.

Condensate Separator

The condensate separator removes 268,370 l1bs/hr of condensate from-the gas )

stream for each of the six loops.

Dehzarators

Each iooé is supplied with a glycol dehydrator unit to essentially remove
all water from the process gas stream. It is essential that the gas is
dried to prevent moisture from condensing in the pipeline and causing cor-

rosive liquids from forming and accumulating.

The glycol dehydrator consists of an absorber tower, still column and glycol

reboiler unit, glycol-glycol heat exchanger, filter, and a glycol recircu-

lating pump.

Approximately 1630 1b/hr of moisture is removed from the gas stream in the

dehydrator.
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Centrifugal Compressors

Six centrifugal compressors are furnished, one per loop and were initially
selected on the basis of performing a lifetime cost of pipeline size, pres-

sure drop, and cost of power.

The discharge lines from the compressors are manifolded into one pipe for
the supply line to the user. For the basis of compressor selection a pipe-
line 100 miles long was selected with 400 psi at point of use and a 90 psi
pressure drop in the pipe line which resulted in:

Pipeliné: 48" diameter, 15/16" wall thickness,
565 psig design.

Compressor: . Two-stage centrifugal compressor with
: 5000 HP electric motor drive having a
capacity of 111,000 scfm each at 330
psia, 120°F inlet conditions and 490
psia discharge pressure.

Cooling Water System

The cooling water system for the process gas chemical system furnishes water
for the condensers and other components of the system. Components furnished

with the system includes.

1 - Circular mechanical draft, concrete shell, 300 ft diameter cooling
tower having a rating of 130,000 gallons per minute, 74°F design

wet bulb, 16°F design approach, 45°F design temperathre rise.

5 - 25 percent pumps each having a capacity of 32,500 gallons per

minute; 85 ft total head,.furnished with 1000 HP motors.
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Materials of Construction

Preliminary selection of materials'of construction for the piping system re-
quired. cons1deration of temperature, pressure, and the materials abllity to

contain hydrogen. The prellminary selection findings are:

Reformer to Condenser ‘ 2% Cr, 1 mo.
Condenser to Dehydratof ~ Carbon Steel
Dehydrator to Compressor - ' Carbon Steel
Compressor to Pipeline Carbon Steel
Pipeline | ) Carbon Steel
Steameethane Mixer to Reformer 2% Cr, 1 mo.
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4.

DRAWINGS

This Section contains the drawings for the 3000 MWt Gas Cooled Pebble Bed

Reactor dual purpose plant described in other Sections of this report. The

drawings include a CONCEPTUAL plot plan, general arrengement drawings for -

the major structures, and flow and block diagrams for balance-of-plant (BOP)

systems.
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5. SITE DESCRIPTION

5.1 GENERAL

This section sets forth the site and environmental data, derived from
Appendix A of "Guide for Economic Evaluation of Nuclear Reactor Plant
' Designs', USAEC Report NUS-531, modified to reflect currenf requirements.
These data form the bases of the criteria used for designing the facility
and for evaluating the routine and accidental release of radioactive liquids

and gases to the environment.

5.2 - TOPOGRAPHY AND GENERAL SITE CHARACTERISTICS

The site is located on the east bank of the North Rivgr at a distance of 25
miles south of Middletown, the nearest large city. The North River flows
from north to south and is one-half mile (2600 feet) wide adjacent to the
plant site. A flood plain extends from both river banks an average distance
of one-half mile, ending with hilltops generally 150 to 250 feet above the
river level. Beyond this areé, the topography is gently rolling, witﬂ no
major critical topographical features. The plant site itself extends from .
river level to elevations of 50 feet above river level. The containment
building, other seismic Category I structures, and the switchyard are lo-
cated on level ground at an elevation of 18 feet above the mean river level.
This elevation is ten feet above the 100 year maximum river level, accord-

ing to U.S. Army Corps of Engineers' studies of the area.

In order to optimize the land area requirements for the nuclear power plant
site, maximum use of the river location is employed. The containment struc-
ture is located approximately 400 feet from the east bank of the river.

The site land area is taken as approximately 500 acres.
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5.3 = SITE ACCESS
‘Highway access is provided to the hypothetical site by five miles of secoﬁ-
dary road connecting to a'state highway; this road is:in good condition aﬂd
needs no additional improvements. Railroad access is provided by the con-
struction of a spur which intersects the B&M Railroad. The length of the
required spur from the main line to the plant site is assumed to be five
miles in length. The North River is navigable throughout the year with a
40 ft wide by 12 ft deep channel. The distance from the shoreliné to the
center of the ship channel is 2000 feet. All plant shipments are assumedbto
be made overland except that heavy equipment (such as reactor vessel and
generétor.stator) may be transported by barge. The Middletown Municipal
Airport is located three miles west of the state highway, 15 miles south of

Middletown, and ten miles north of the site.

5.4 POPULATION DENSITY AND LAND USE

The hypothetical site is near a large city (Middletown, 250,000 population)
but in an area of low population density. Variation in population with dis-

tance from the site boundary is:

Cumulative
Miles Population
0.5 0
1.0 310
2.0 1,370
5.0 5,020
10.0 28,600
20.0 133,000
30.0

1,010,000

There are five industrial manufacturing plants within 15 miles of the hypo-

thetical site. Four are small plants employing less than 100 people each.
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The fifth, near the airport, employs 2,500 people. Closely populated "areas
are fo;nd 6n1y in the centefs of the small towns, so the total land area
used for housing is small. The remaining land, inéludingAthat across the
river, 1s used as forest or cultivated crop 1an&, except for railroads and

highways.

5.5 NEARBY FACILITIES

Utilities are available as follows:

o Natural gas service is available two miles from the site boundary on
the same side of the river.

o0 Communication lines are furnished to.the project boundaries at no
cost.

o Power and water for construction activities are available at the
southwest corner of the site boundary.

o Two indepeﬁdent offsite power sources (one at 500 kV and one at

230 kV) are available ét the switchyard.

5.6 METEOROLOGY AND CLIMATOLOGY

5.6.1 AMBIENT TEMPERATURES

The winters in the Middletown area are moderately cold, with average tempera-
tures in the low Bd's. The summers are fairly humid with average tempera-
tures in the lgw 70's, and with high temperatures averaging around 82°F.

The historic maximum wet bulb and dry bulb temperatures are 78°F and 99°F

respectively.

The year round temperature duration curves for the dry bulb temperatures and

coincident wet bulb temperatures are shown in Figure 5-1.
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5.6.2 PREVAILING WIND

According to Weather Bureau records at Middletown Airport, located ten'miles
north of the site on a low plateau just east of the North River, surface
winds-are predominantly southwesterly four to ten knots during the warm
months of the -year, and westerly six to thirteen knots during the cool

months.

There are no large diurnal variations in wind speed or direction. Observa-
tions of wind velocities at altitudes indicate a gradual increase in mean

velocity and a gradual veering of the prevailing and northwesterly aloft.

In addition to the above, studies of the area indicate that there is a sig-
nificant channeling qf the winds below the surrounding hills into the norfh-
south orientation of the North Rivef. It is estimated that winds within the
river valley blow approximately parallel to the valley orientation in excess

of 50 percent of the time.

5.6.3 ATMOSPHERIC DIFFUSION PROPERTIES

The transport and dilution of radioactive materials iﬁ the form of aerosols,
vapors or gases released into the atmospﬁere from the Middletown Nuélear
Power Station are a function of the state of tﬁe atmosphere along the plumé
path, the topography of the region,.and the characieristics of the effluents
themselves. For a routine airborne release, the concentration of radio-
active materials in the surrounding region depends on the amount of effluent
released, the height of the release, the wind speed, atmospheric stability
and air flow patterns of the site, and various effluent removal mechanisms.

Geographic features such as hills and valleys influence diffusion and air



flow patterns. Of the diffusion models that have been developed, the
straight line trajectory model is utilized to calculate the atmospheric

diffusion from the Middletown site.

The straight-line trajectoryAmodel assumes fhat the air flow transports and
diffuses effluents along a straight line through the entire region of in-
terest in the air flow direction at the release point. The version of this
model which is used is the Gaussian straight-line trajectory model. In this
model; the wind speed and atmospheric stability at the release point are
assumed to determine the atmospheric diffusion characteristics in the di-

rection of air flow.

During the warm months of the year, according to analysis of Weather Bureau
records, the atmospheric conditions near tﬁe surface are 25 percent unstable
(Pasquill A, B and C), 40 percent neutral (Pasquill D), and 35 percent
stable (Pasquill E and F). AVerage wind épeedé are approxiﬁately six miles
per hour during unstable conditions, ten miles per hour during neutral con-

ditions, and four miles per hour during stable conditions.

During the cool months of the year, ‘the atmospheric conditions are 15 per-
cent unstable, 50 percent neutral, and 35 percent stable. Average wind
speeds are six miles per hour during unstable conditions, twelveAmiles per
hour during neutral-conditions,4and four miles per hour during stable

conditions.

Using these atmospheric conditions, the annual average wind diffusion es-
timates are calculated for ground level release and are found in Table 5-1.

Since the data are. independent of sector, only a distance dependent
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diffusion estimate can be calculated. These estimates vary with direction

only as the spatial and temporal adjustment factors vary.

5.6.4 SEVERE METEOROLOGICAL PHENOMENA

A maximum instantaneous wind velocity of 100 mph has been recorded at the
site. During the past 50 years, three tropical storms, all of them in the
final dissipation stages, have passed within 50 miles of the site. Some
heavy precipitation and winds in excess of 40 miles per hour were recorded,

but no significant damage other than to crops resulted.

The area near the site experiences an average of 35 thunderstorms a year,
with maximum frequency in early summer. High winds near 60 mph, heavy pre-

cipitation, and hail are recorded about once every four yeérs.

In forty years of record keeping, there have been twenty tornadoes reported
within fifty miles of the site. This moderately high frequency of tornado
activity indicates a need to design Seismic Category I structures at the

site for the possibility of an on-site tornado occurrence. Maximum tornado

frequency occurs in May and June.

During the past forty years, there have been ten storms in which freezing
rain has caused power transmission line disruptions. Most of these storms

have occurred in early December.

5.6.5 POTENTIAL ACCIDENT RELEASE METEOROLOGY

In the event of an accidental release of fission products to the atmosphere,

transport and diffusion is determined by the meteorological conditions at

the site for the duration of the accident, which is assumed to be 30 days.



The calculation of the potential doses for the various design base accidents

1s based on meteorological conditions described in NRC's Regulatory Guide

1.4.

Ground-Level Release

The atmospheric diffusion model as a function of the distance from the re-
actor is based on the following aséumptions:
1. The basic equation for atmospheric diffusion -from a ground level

point source is:

/qQ = -
Tu 0'y a,
ﬁhefe:
= .The short average centerline value of the ground level concen-
tration (éuries/heter3).}
Q = Material release rate (curies/sec).
u = Wind speed (meters/sec).
c& = The horizontal standard deviation of the plume (meters).
6, = The vertical standard deviation of the élume (meters). -

2. For time periods of greater than eight hours, the plume is assumed
to meander and spread uniformly over a 22.5° sector. The resultant

equation is:

//Qéw | | )
6, ux .
where:
¥ = Distance from the point of release (meters).



3. The atmosphéric diffusion model for ground level releases is based

on the information in the Table below.

Time Following Accident

0-8 hrs. Pasquill Type F, wind speed 1 meter/sec. uniform direction.

8-24 hrs. Pasquill Type F, wind speed 1 meter/sec. variable direc-
tion within a 22.5° sector.

1-4 days (a) 40% Pasquill Type D, wind speed 3 meters/sec.
(b) 60% Pasquill Type F, wind speed 2 meters/sec.
(¢) Wind direction - variable within a 22.5° sector.

4-30 days (a) 33.3% Pasquill Type C, wind speed 3 meters/sec.
(b) 33.3% Pasquill Type D, wind speed 3 meters/sec.

(¢) 33.3% Pasquill Type F, wind speed 2 meters/sec.
(d) Wind direction - variable within a 22.5° sector.

Figure 5-1 gives the ground level release atmospheric diffusion factors

based on the above parameters.

In calculating potentiallexposures, the 0-8 hour concéntrations are reduced
by a factor ranging from a one to a maximum of three (see Figure 5-3) to
compensate for additional diffusion produced by the turbulent wake of the
containment building. The volumetric building wake correction, as defined
in Section 3.3.5.2 of Meteorology and Atomic Energy 1968, is used only in
the 0-8 hr period; it is used with a shape factor of .5 and the minimum
cross-sectional area of the containment building (approximately 2000 square

meters).

5.7  HYDROLOGY
The North River provides an adequate source of raw makeup water for the
station. The average maximum temperature is 75°F, and the average minimum

is 39°F. The mean annual temperature is 57°F.

5-8



L -

U.S. Army Corps of Engineers' studies indicate that the 100 year maximum
flood level rose to eight feet above the mean river level. There are no
dams near the site whose failure could cause the river to rise above the

eight foot level.

5.8 GEOLOGY/SEISMOLOGY

5.8.1 - SOIL PROFILES AND LOAD BEARING CHARACTERISTICS

Soil profiles for the site show alluvial soil and rock fill to a depth of

eight feet; Brassfield limestone to a depth of 30 feet; blue weathered shale

"and fossiliferous Richmond limestone to a depth of 50 feet; and bedrock be-

low a depth of 50 feet. Allowable soil bearing is 6,000 psf, and rock bear-
ing characteristics are 18,000 psf and 15,000 psf for Brassfield and Rich-

mond strata, respectively. No underground cavities exist in the limestone.

5.8.2 SEISMOLOGY
The site is located in a genefally seismically inactive region. Historical
records show three earthquakeés have occurred in the region between 1870 and

1975. A safe shutdown earthquake (SSE) with a horizontal ground accleration

" of 0.30 g provides conservative design margin. For design purposes, the

horizontal and vertical component Design Response Spectra given in NRC Regu~-
latory Guide 1.60, Rev. 1, December 1973, are linearly scaled to a horizon-

tal ground acceleration of 0.30 g.

5.9 SEWAGE AND RADIOACTIVE WASTE DISPOSAL
5.9.1 SEWAGE

All sewage receive primary and secondary treatment prior to discharge into

the North River.
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5.9.2 GASEQUS AND LIQUID RADIOACTIVE WASTES

The gaseous and liquid effluent releases from this plant comply with 10 CFR

Part 20 and the intent of Appendix I of 10 CFR Part 50.

5.9.3 SOLID RADIOACTIVE WASTES

Storage on site for decay is permissible, but no ultimate disposal on site

is planned.
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TABLE 5-1
ANNUAL AVERAGE AIMGSPHERIC DIFFUSION ESTIMATES
s . . (Sec/m3)

Ground Level Release

Distance
(Miles) Down~Valley Up-Valley . Cross Valley
.5 1.2-5% 3.7-6 2.5-6
1.5 2.0-6  5.9-7 4.0-7
2.5 8.8-7 2.6-7 1.8-7
EX 5.3-7 . 1.6-7 1.0-7
45 3.6-7 1.1-7 7.2-8
7.5 1.7-7 5.1-8 3.4-8
15.0 6,5-8‘. 1.9-8 1.3-8
25.0 6.5-9 9.8-9 6.5-9
35.0 4.2-9 6.3-9 4.2-9

45.0 ‘ 3.1-9 4.6-9 3.1-9

*1.2-5 = 1.2 x 10> (typical example)
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