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1.0 PURPOSE

The pvrpose of this design guide is to provide guidance for the
mechanical and structvral design of distribution systems (piping,
HVAC ductwork, and electrical cable trays/conduit) for the System
80+ standard design. The goal of using this guide is to provide a
well-defined, integrated, consistent, standardized, and optimized
design for System 80+ design certification.

If the guidance provided herein proves to be too conservative to
uphold the goal for development of standardized distribution system

designs for all potential sites, project management must be
consulted.
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2.0  SCOPE

This design guide is to be used for the design of all System 80+
distribution systems. This guide covers the design process from
incorporation of system requirements to analyses confirming the
adequacy of the design. This design guide addresses both safety-
related and non-safety related distribution systenms.

Thie design guide provides recommended design and analysis methods
and processes reflecting industry practice and NRC approved
criteria at the time of System 80+ design certification., Other
proven “ersign and analysis methods and criteria, as demonstrated by
industry practice and NRC acceptance at the time of application,
which also meet the purpose and intent of this guide are
acceptable.

Efforts have been made to assure that the guidance provided by this
document is consistent with the requirements provided in CESSAR-DC
for safety-related distributions systenms. Should there be
inconsistencies between this design guide and CESSAR-DC, the
requirements of CESSAR-~DC shall prevail.
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3.0 INTRODUCTION

This design guide covers the design process from incorporating
system requirements to the analyses verifying the doci?n.
Licensing and safety issues (leak-before-break, postulated pipe
breaks, etc.,) are covered in detail in this design guide.

section 4.0 addresses the factors to be considered .n !ncorporating
system requirements suca as safety class, seismic. category,
separation and constraints.

Section 5.0 addresses system interactions to be considered in
meeting the system requirements. These interactions are system
requirements, however, they must be provided by other systems or
structures such as cross-connects to other systems, structural
separation and electrical power requirements.

Section 6.0 provides guidelines and considerations in routing
distribution systems. These guidelines are intended to integrate
the design process and meet multiple requirements at once (e.g.,
use building structure for spatial separation, flooding preventicn,
and fire protection) rather than meeting each requirement
individually. The goal »f the integrated design process is
optimization while meeting all pertinent requirements.

Section 7.0 describes the analyses to verify the system design and

routing. Pipe break considerations are covered in Section 7.1 for
leak-before-break (LBB) and postulated pipe ruptures.

Interactions between systems and structures must be considered in
the integrated design process., Considerations such as safety,
maintainability, and constructability must be evaluated
collectively rather than individually to obtain the optimum design.
This document acddresses these interactions, and incorporation of
the gquidelines presented herein should minimize conflicting design

requirements.

To distinguish between requirements that must be met and
recommendations, the following conventions are used throughout this
document, THe term "shall" is used to denote regquirements that are
mandatory. The term "should" .s used to denote recommendations
that are not mandatory,. The term "may" is used to denote
conditions that are permissible but not required.

The references listed at the end of each section are current
versions which were used in the development of this design guide,
The year or version of codes and standards that will be used in the
final design will be determined by the approved versions in effect
at the time of the specific plant application., Thus, when codes
and standards are referred to in the design guide text, only the
name is specified, not the version.

July 25, 1992
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4.0  SYSTEM DESIGN CONSIDERATIONS

4.1 GENERAL
4.1.1 SYSTEM REQUIREMENTS

the detailed design of distribution systems requires careful
consideration of the system design requirements. The system
requirements are specified in the Design Certification System
Requirements (DCSRs) developed for each system within the System
80+ design., The following system requirements are described in the
DCSRs and should be considered when designing distribution systems.

4.1.1.1 System F.uction
B.8:143:3 Functions

The system functions are fundamental in the system design. The
system functions are qualitative in nature and only provide general
system requirements. Specific requirements relating to these
system functions are covered in other sections, Where a system
function is provided in combination with other system(s), the
contribution by each system should be provided. See Sections
4.2.1.1, 4.3.1.1, and 4.4.1.1 for specific system functions,.

$.1.3.0.2 Constraints

The integrated design process should result in minimized system
constraints. Conctraints on the system methods of meeting its
design requirements can influence the design of the distribution
system, Typical constraints include:

. Divisional Separation Precluding Cross-connects

. Electrical Power Limitations

. Building Layout Limitatiocns

. Temperature/Pressure Limitations

. Material Requirements
See Sections 4.2.1.2 and 4.3.1.2 tor specific system constraints.

4.1.1.2 Eerformance Reguirements

System or ccmponent performance requirements define how the
component or system must perform, or what its capabilities must be
in order to perform its functional requiremants. The following are
performance requirements which can affect the design of
distribution systems. An individual system or component can have
fewer or more performance requirements which require consideration.

DRAFT =1 July 25, 1992
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4.1.1.2.1 Safety Classification

The safety classifications of systems and equipment, as estiblished
by ANSI/ANS-51.1, "Nuclear Safety Criteria for the Design of
Stationary Prcssurized Water Reactor Plants", should be used as a
guide to the selection of codes, standards, and regulations for the
design and construction of systems and their components.

$:d:38id Seismic Classification

The seismic design classification system, as establishea in NRC
Regulatory Guide 1.29, "Seismic Design Classification", identifies
those plant features that should be designed to withstand the
effects of the Safe Shutdown Earthguake (SSE). Plant features not
required to withstand .he SSE should be designed to appropriate
statis loads or comply with applicable building codes regarding
seismic effects. Seismic classifications, including Seismic
Category 11, are described in CESSAR-DC, Section 3.2.1.

4.1:3.23.3 Redundancy/Diversity Requirements

A component or system can require that other systems or components
duplicate its essential function to the extent that either one may
perform the required function regardless of the state of operation
or failure of the other. The components Or systems may or may not
be physically identical. System and component diversity should be
specified where preventisn of common mode failure is critical in
overall plant core melt risk.

4.1.1.2.4 Capacity Requirements

System and component capacity requirements arc . ey parameters that
affect system design., Capacities can include s'ich parameters as
head and flow rate for a pump, load carryiny capability for
supports, air flow or cooling capacity for HVAC, or current and
voltage regulation of a power supply.

Sads ol v Failure Considerations

The following failure considerations should be reviewed to
determine the impact they rould have on the design of the
distribution system:

A. Performance under conditions of single or multiple (active
and passive) failures.

B. Separaticn, protection, and design of components and
piping to prevent multiple fallures as a result of a

single event.

C. Design margins to accommodate single failures.
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D. Reliability performance.

E. Provisions to mitigate the effects of failures in the
system on the remainder of the plant.

4.1.1.2.6 Design Basis Everts and Transient Considerations

System design basis events and design basis transients shall be
considered in the design. These design basis events and transients
should either be enveloped or considered individually.

4.1.1.3 Qperational Reguirements

Operational requirements must be sufficiently defined to enable the
designer to provide a detailed design. Following are areas in
which systems or components can have operational requirements. An
individual system or component can have fewer Or more areas which

should be considered.
$:1:3:3+4% Power or Cooling Requirements

There could be design requirements or limitations on available
electric, pneumatic, hydraulic, or other power supplies and air or
water cooling supplies. Considerations to ensure system
requirements are met by interacting systems are described in

Section 5.0.
4.1.1.3.2 Environment
Requirements or limitations can be imposed on the system due to the

operating environment in which it must perform its function.
Environmental considerations are described in CESSAR-DC, Section

2:44%.
4.1.1.3.3 Radiation

Requirements or limitations can be imposed on the system due to the
operating radiation environment, which could affect the performance
of the system (see Section 6.2.4).

4.,1.1:3.4 Design Life

The System 80+ design operating life is 60 years. Provisions
should be provided to replace components which cannot be designed
for a 60 year operating life.

$.3:343¢9 Operating Cycle

Requirements or limitations can be imposed on the system due to the
operating cycle of the system or components.
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. Debris Blockage
4.1.1.7.2 Protectinn Methods

The following protection methods should be used to proviade
protection from hazards:

. Distance

¢ Orientation

¢ Barriers

. Enclosures

- Restraints

. Hardening

4.1.1.8 Maintepance Provisgions

Requirements can be imposed on the system design to enable or
facilitate system/compcnent maintenance. Provisions for
maintenance include features to reduce personnel radiation exposure
when performing maintenance, design features or components required
for maintenance activities (vents, drains, byp&ss/isolation
provisions, equipment removal provisions), ard accessibility.

4.2 RIPING
$.81 SYSTEM REQUIREMENTS

4.2.1.1 Sygtem Functions

The function of the piping system drives the design. Specific
requirements relating to system functions can impact the piping
system design. The following are typical system functions
associated with piping systems that should be addressed:

. Cooling

’ Heating

. Purification

. Monitoring

. Lubrication

. Storage

. Pneumatic Supply

. Makeup

. Recir :lation
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C. ASME B4PV Code, Section VIII for pressure vessels,
4.2.1.3.4 Water Chemistry

Water chemistry requirements &and constraints (i.e., pH, oxygen
level, or chloride content) may be specr.fied along with the
allowable limits. Water chemistry requirenments should be used as
input for material selection, monitoring requirements, and chemical

addition provisions.
4.2.1.3.5 Erosion/Corrosion Pipe Wall Thinning

Currently operating .uclear power plants have experienced pipe wall
thinning in carbon steel piping and components, resulting in
unplanned piping replacements and plant shutdowns. This
degradation is best prevented in the design stage by identifying
susceptible systems/components, and using appropriate preventative
methods. Design methods to preclude erosion/corrosion pipe wall
thinning are described below and in Section 6.2.8.

4.2.1:3:8.:1 Erosion/Corrosion Susceptibility

Systems susceptible to eros.on/corrosion pipe wall thinning are
those with wet steam, flashing liquids, or liquid flow with high
localized velocities. These factors should be considered along
with water chemistry and usage time to determine susceptibility and
appropriate preventative methods.

$.2:4:3:8.3 Ercsion/Corrosion Minimization

For systems susceptible to erosion/currosion, the following methods
may be used to minimize degradati-n:

A. Proper material selection is essential for the prevention
of excessive pipe wall thinning and is the most practical
method in the design stage. Higher grade alloys involve
more capital cost but lower inspection and piping
replacement costs over the life of the plant. Low alloy
steel is significantly more resistant to wall thinning
than carbon steel, however the post~weld heat treatment
must be considered. Stainless steel is essentially immune
to erosion/corrosion and should be used in the most
susceptible areas.

B. Additional wall thickness may be specified to accommodate
a limited amount of wall thinning without violating code
requirements. This method will wusually result in
increased inspection requirements over the life of the
plant to ensure adequate wall thickness. These costs
should be compared to material upgrade costs to determine
the cptimum design.
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The bulk fluid velocity should be limited to prevent
excessive ercsinn of the pipe wall, The following
velocity limits should be used for carbon steel piping!

(%]

TABLE 4.2~1
: led Bulk Velocity Limi
servigce Yelogity
Steam Piping 150 ft/sec
Water (Temperature < 300°F) 10 ft/sec
Water (Temperature > 300°F) 10 = 20 ft/sec
Recirculation Lines (Infrequent Use) 20 = 25 ft/sec

D. Pipe routing guidelines to lower pipe wall thinning
susceptibility are discussed in Section 6.2.8.1.

4.2.1.4 Qperational Reguirements

Operational requirements and limitations of the system will
influence the piping desigr.. Typical operatiocnal requirements are
described in Section 4.1.1.3.

4.2.1.5 Instrumentation And Con.rol Requiremsnts

Jequirements related to instrumentation and controls can impact the
design of the piping system. Refer to Section 4.1.1.4 for the
discussion of instrumentation and contrels.

4.2.1.6 Inspection and Testing Regquirements

Piping system features cin be roquired solely to accommodate
inspection and testing requirements during fabrication,
installation, and operation. Inspection and testing requirements
are contained in the applicable piping code: ASME B&PV Code for
Class 1, 2, and 3 piping; and ASME B31.1 for non-safety related

piping.
§.2.1.6,:1 Examination Requirements

The piping systein designer should be cogn.izant of the examinations
to be performed on the system piping and be familiar with the
activities associated with the examinations in order to include any
necessary features in the piping design to facilitate tLhe
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examirations. The following are examinations commonly conducted on
piping systems:

. Preoperational (NDE)
. Inservice Inspect.on (ISI) per AZME Sectioun XI

. Vieual Inspection of Raw Water Piping
. Pipe Wall Thinning Inspections

4.2:.13.8.2 Testing Requirements

Certain testing requirements can necessitate special piping design
features to facilitate testing activities, The piping system
designer should know what tests are applicable to the system and
have an understanding of how the tests are performed. Familiarity
with the required testing will aid the designer in creating a
piping system which is conducive to testing. The following are
common test requirements associated with piping systems:

. Preoperaticnal (Hydrostatic, operability, pre-critical
vaibration monitoring)

* Pump and Valve Ingervice Testing (IST) per ASME Section XI

. Leak Tests
. Full-Flow Pump Testing for ASME Class 1, 2, and 3 Pumps

4.2.1.6.3 Accessibility Provisions

Ter*ing and inspection activities associated with piping systems
require considerations for personnel and equipment access. Section
6.2.€ contains specific guidelines for providing access for
inspection and testing activities.

4.2.1.6.4 Testing Provisions

Piping system designs should include provisions for system and
component testing. The piping system designer should be familiar
with testing applicable tov the system and its components so that
design features required to perform the tests will be included in
the piping dezign. Section 6.2.7 contains design features to be
considered when incorporating testing provisions in piping system

designs.

4.2.1.7  Sys_em Interaction Reguirements

Interacting fystem requirements should be considered when designing
piping systems. The interaction requirements categories outlined
in Section 4.1.1.6 should be reviewed to assist in determining what
design feaLures must be .ncorporated to accommodate interacting
gystems or components. Section 5.2 contains additional information
pertaining to piping interaction considerations.
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4.2.1.4 Rhysical Protection

Piping ‘systems can require hazard protection measures, If hazard
protection is required, the guidelines of Sestiom 4.1.1.7 shouid be
used to Asf.ist in determining the type of hazard(s) which can
influeace the system and the general methods of protection.

4.2.1.9  Maipigunance Provisions

Maintercnce activities will be required over the life of the plant.
The follswing design features may be required to accommodate
mainte.ance activities.

4.2.1.9.5% Bypesu/lsclation Provisions

The :bili.y to bypass or izclate system components and interfacing
systers should pe provided ithin the piping system to allow
maintensncl v be pevficrwned,

4.2.1.9.% Peccessibility
Accessibility Jor mainterance activities shovld be provided.
4.2.1.9.3 Equipment Removali Provisions

Equipment removal provisions should be provided. This includes
lifting provisions, removal paths, and flanged equipment
cennections.

4.2.1.9.4 Vent ana Drain Connections

The pip - system design should incorporate vent and drain
sonnectic..s for performing maintenance on the piping system and its
comnponents. Personnel access should be also be considered for
these connections.

$.2.1.9.8 Removable Insulation

The piping system design should incorporate insulation removal
where required to perform naintenance, inspections, or testing.
These locations should be provided with removable insulation to
expedite maintenanc”, activities, reduce perscnnel radiation
exposure, and reduce costs associated with insulation replacement.

4.2.1.9.6 ALPRA
Design features should be provided in piping system designs to
reduce personnel exposure associated with maintenance activities,

Section 6.2.4 contains specific ALARA guidelines for reducing
personnel radiaticr exposure during maintenance.

DRAFT 4-11 July 25, 1992



SYJTEM 80+™ DESIGN CERTIFICATION
DISTRIBUTION SYSTEMS DESIGN GUIDE

4.3 HVAC DUCTWORK
4.3.1  SYSTEM REQUIREMENTS

¢ 3.1.4 System Functions

The function of the HVAC system drives its design. Specific
requirements relating to system functions can impact the ductwork
system design. The following are typical HVAC system functions to
be considered:

¢ Temperature/Humidity Control

. Normal/Essential

. Moistlre Removal

. Radicactive Iodine Vapor and Solid Particulate Removal

¢ Ventilation

. Smoke Removal

. Pressure Control

+ Positive
« Negirive

4.3.1.2 Sonstraints

Constraints on the system’'s means of meeting its degign
requirements can influence the design of the ductwork system. The
following constraints are commonly imposed on ductwork system
designs:

. Accepted Engineering Practices and Data (ASHRAE Handbooks
and SMACNA Manuals)

. Friction Loss

. Velocity Constraints

° Sound Level Constraints

. ALARA

. Building Layout Restrictions/Space Availability

. Thermal Conductivity (Heat losses or gains)

¢ System Balancing

. Fire and Smoke Control

¢ Adequate Air Distribution

. Duct Leakage

¢ Supperts/Seismic Restraints
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4.3.1.3  Rerformance Reguiremeuts

1%e general guidelines in Section 4.1.1.2 should be reviewel to
determine the influence that the HVAC system’s performaice
requiraments have on the design of the system’s ductwork,

4.3,1.3:3 Capacity/Flowrate

Design parameters should properly adrress sysrem operating
conditions., The following are typical HVAC capacities which may

require consideration:

. Volumetric Air Flow Rate (SCFM)

. Design Pressure (Inches of water gage)
. Relative Humidity (Percent)

. Heating/Cooling Capacity (BTU/hour)

. Safety/Seismic Classification

. Component Radiation Dose (Lads)

. Duct and Air Handling Unit (AHU) /Air Cleaning Unit Maximum
Permissible Leak Rate

. Electrical Characteristics (Voltage, amperage, phase,
maximum temperature rise)

$.3:.1:3.28 Pressure Control

Along with ventilation and cooling requirements, some HVAC systems
are required to maintain a negative or positive pressure in
specified areas. This pressure maintenance must be considered in
the design, where applicable.

4.3.1.4 Qperational Reguirements

Considera~ion should be given to the operational requirements of
tne system and their influence on the ductwork design. Typical
HVAC system operational requirements are described below and in
Section 4.1.1.3.

P P R Radicactive Vapor/Steam Removal

In some areas, there is the potential for airborne radiation (i.e.,
due *c¢ :adicactive fluid leakage), or steam removal (i.e, Loss-of-
Coolant-Accident) that would require the removal of radiocactive
ioding, sclid particulates, or water vapor. This could result in
the release of radiation to the environment, perscnnel exposure, or
equipment damage. Air cleaning units, which may consist of
moisture separators, electric heaters, absolute (HEPA) filters, and
carbon adsorbers should be used along with instrumentation, alarms,
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4.3.1.9.1 Bypass/lsolation Provisions

The ability to bypass or isolate system components and interfacing
systems should be provided within the ductwork systsm to allow

maintenance to be performed,
4.3.1.9.2 Accessibility

Accessibility for required maintenance activities should be
considered when designing ductwork systems.

4.3.1.9.3 Equipment Removal Provisions

Equipment removal and replacement should be considered for all HVAC
ductwork systems. This includes lifting lugs and/or rigging
provisions for all AHU/air cleaning units. The use of multiple
modules with field joints should be used for large AHU/air cleaning
units rather than single modules to allow for initial placement and
removal of the unit, Removal paths for regular maintenance
components such as fan motors, ccoling/heating coils, and filters
should be provided.

Ductwork should be designed to avoid removable hatches, monorails,
4ib cranes, or other maintenance areas. If the ductwork should
infringe on these areas, easily removable duct sections should be

used.
4.3.1,.9.4 Insulation

Insulaticn should not be applied to the inside of ducts and
housings where airborne radiation or personnel radiation exposure
could occur. Materials applied to the outside of ducts and
housings should not prevent access to any bolted construction
joint, door, access hatch, or instrumentation that would penetrate
the housing or dvet pressuie boundary, which could result in
exceeding allowable leakage rates.

4.3.1.9.5 ALARA

Design features should be provided in ductwork system designs to
reduce personnel exposure associated with maintenance activities.
Section 6.3.4 contains specific ALARA guidelines for reduciry
personnel radiation exposure during maintenance.

4.3.1.10 [Eire Protection

Due to ductwork penetrations through fire barriers being large,
fire protection must be considered in the design. Ductwork routing
should minimize the number of penetrations through fire barriers.
Fire seals at the penetrations anu fire dampers must maintain the
required fire barrier rating. A smoke purge exhaust system with
smoke dampers should be considered where smoke migration is likely.
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4.3.2 CONNECTIVITY

Due to the size of HVAC equipment and ductwork, system connectivity
is vital. This is best accomplished by proper equipment placement
(see Section 5.3.1) and reserving ductwork space early in the
design process, Proximity of the following should be carefully
considered when placring equipment to minimize the amount of
required ductwork:

. Proximity to Qutside Air Sources
. Proximity to Duct Shafts and Plenums
. Proximity to the Unit Vent Shaft

. Proximity to Areas Served by HVAC System
. Orientation of Fans and AHUs to Inlet and QOutlet Cuctwork

4.4 ELECTRICAL CABLE TRAYS/CONDUIT

4.4.1 SYSTEM REQUIREMENTS
4.4.1.1  System Functions

Consideration should be given to the function of the electric power
system being designed. The function of the electric power system
establishes the basis for the arrangement of the systems within the
plant. The on-site power distribution systems should be arranged
according to the following:

. Electrical power distribution systems feeding non-safety
related loads required exclusively for unit operation

. Electrical power distribution systems supplying power to
permane~t non-safety loads (i.e., non-safety loads that,
due tc their specific functions are generally required to
remai) operational at all times or when the unit is shut

down)

. Electrical power distribution systems feeding satety-
related (Class lE) loads

4.4.1.2 Eguipment Selection

The selection of electrical equipment should be careful'y
considered for impact on the overall design of electric power
distribution systems. The impact of the following should be

considered:

. Class lE/Non=Class 1lE

. Voltage

DRAFT 4-16 July 25, 1992



M 80+™ DESIGN CERTIFICATIO

- ~ 3 ~ eTrm (“' Tb”
DISTRIBUTION SYSTEMS DESIGN GUIDE




SYSTEM 80+™ DESIJN CERTIFICATION
DISTRIBUTION SYSTIMS DESIGN GUIDE

divisional cables and Permanent Non-safety bus cables shall be
fully separated hy fire barriers. Further, the cables within a
Class 1E division for each bus shall be separated within the
division, where practical and when it provides a reliability

improvement.

Switchgear rooms containing safety-related equipment should be
separated from the remainder of the plant by barriers with the
required fire resistance rating. Redundant switchgear safety
divisions should be separated from each other by barriers with the
required fire resistance rating. Equipment in switchgear rooms
should be located, to the maximum extent practicable, such that
there is ac ess on all sides for manual fire suppression.

Redundant safety~related panels remote from the control complex
should be separated from each cther by barriers having the required
fire resistance rating. Panels providing remote shutdown
capabilities shcould be separated from the control complex by
barriers having the required fire resistance rating. Fire barriers
should not impede access to safety-related panels.

Safety-related battery rooms should be separated from each other
and from other areas of the plant by barriers having the required
fire resistance rating. DC switchgear and converters should not be

located in battery rooms.

The power cables to the 4160 V Safety buses from the Permanent Non=-
safety buses and EDG for each shutdown division should be routed so
that they are not all in the same fire a~ea, which could result in
a single fire affecting all of the cables.

The EDG and the AAC should be designed such that no single fire
scenario (fire con{ined to a single fire area) will result in the
ioss of beth sources.

Sadsl8:.3:2 Flood Protection

Electrical rable and electrical equipment should be designed and
routed to be protected from flooding. Typical protection methods
included cable routing away from floors, and equipment placement on
raised base pads,

4.4.1.4.2 Electrical Separation

4:9,1.4.,2.3 Segregation of Voltage Levels

Cables shou.id be separated and cable trays arranged according to
voltage levels fo+ fire protection and to prevent high energy lines

from affecting instrumentation anc control circuits., See Section
6.4.1.3.3 for recommended separation requirements.
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4.4.1.4.2.2 Safety Channels

To minimize the possibility of common mode failure, cabling for the
safety channels should be routed separately. However, the cables
of different safety functions within one channel may be routed

together.

The cabling associated with redundant channels of rafety-related
circuits should be arranged such that a single failur cannot cause
multiple channel malfunctions or interactions between channels.

4.4.1.4.2.3 Safety/Non-safety Related

safety~-related Class 1E and associated electric cabling and sensing
lines from sensors should be kept separate from non-safety related

cabling.

The design of the plant electrical distribution systems should be
such that non-safety circuits are not connected to safety circuits

or power sources.

The sets of circuits which constitute the divisicns of the safety
power distribution systems should be physically separated and
electrically independent. Indrpendence and separation should be
maintained throughout the load groups. No cross-ties should be
used between buses or circuits (AC or DC) belonging to different

safety divisions,

4.4.1.5  physical Protection

Electrical power distribution systems should be reviewed to
determine if hazard protection measures are required, 1t
protection is required, the guidelines of Section 4.1.1.7 should b
used to assist in determining the type of hazard(s) which ma,
influence the system and the general methods of protection commonly

used.

Power cables that are part of safety circuits should be installed
in duct banks or raceways designed to provide a high level of
protection against industrial hazards, long-term degradation, and
other potential risks such as fire, missiles, pipe failure, water
spray, or e rthquaxkes.

4.4.1.6 i terface Reguirements

The systems which supply power to, and the systems which receive
power from an electrical power distribution system have
requirements which influence the design of the system. The
designer should be able to identify the interfacing systems and
incorporate the necessary interface requirementrn to ensure proper,
safe, and reliable cperation of the electrical power distribution

system,

DRAFT 4-19 July 25, 1922



SYSTEM 80+™ DESIGN CERTIFICATION
DISTRIBUTION SYSTEMS DESIGN GUIDE

4.4.1.7 Iospection and Testing Reguirements

The electrical power distribution system design should incorporate
the necessary provis'.ons . test or inspect the system or
components as required.

4.5  REFERENCES

4.5.1 ANSI/ANS~-51.1-1983, "Nuclear Safety Criteria for the Design
of Stationary Pressurized Water Reactor Plants"“,

4.5.2 USNRC Regulatory Guide 1.29, "Seismic Design
Classification", Revision 3, September 1978,

4.5.3 ANSI/ANS-38,3-1977, "Physical Protection for Systems and
Components Important to Safety".

4.5.4 ASME Boiler and Pressure Vessel Code, 1989 Edition.

4.5.5 ASME B31.1-1989 Edition, Power Piping.
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5.0 DISTRIBUTION SYSTEMS INTERACTION CONSIDERATIONS
5.1  GENERAL

The integrated <design process requires consideration of
interactions between systems and structures. This process ensures

that:

A. System requirements are not met at the expense of other
system and structure designs.

B. System effects are accounted for in other systems and
structures.

Multiple design requirements are provided with a single
feature.

(¢

D. Optimization is achieved in the design process.

9:1:3 RELATIVE ELEVATIONS

Generally, HVAC ductwork and cable t.rays should be located above
piping to protect them from spray and impingement damage due to
leaks and pipe ruptures.

$.1.2 STRUCTURAL INTERACTIONS

Buildings and structures should be used to the extent practical to
meet system regquirements such as fire protection, flood protection,
jet impingement protection, missile protection, separation of
redundant trains, and structural support.

5.1.2.3 Connect vity

In placing system equipment, other system connections &and
interactions must be considered. Equipment should be located to
minimize the amount of connecting piping/ductwork/cable while still
meeting other syst. a requirements such as elevation relationships.
The equipment locations and connecting piping/ductwork/cable should
also provide the segregation features discussed in Section 5.1.3.

5.1.2.2 Hazard Protection
Bl R 83 Flood Protection

Structural components should he utilized to the extent possible to
provide flood protection. Walls and ~urbs should be used wherever

possible instead of flood doors which hamper maintenance. The
divisic 1al wall at the lowest elevation in the Nuclear Annex (50+0
elevaticn) contains no doorways ox passages. Divisional wall

penetrations are minimized and sealed to ensure flooding in one
division does not affect the other division.
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5.1.3.3 y Linae

The effects of high energy line breaks should be minimized by
segregation of areas containing these lines, thus minimizing
mitigation features required. Existing structural members should
be used to the maximum extent practical to protect against the
effects of postulated high energy line breaks that are not
eliminated by the leak-before-break (LBB) methodology (see Sections

7.1.8 and 7.1.9).

$.2 BEIPING
$.2.1 EQUIPMENT LOCATIONS

5.2.1.1 Accessibility

Equipment must be placed so as to perform its required function,
while having the proper elevation relationships and orientation.
Accessibility for maintenance should be provided based on equipment
vendor recommendatiocns.

5.2.1.2 Labyrinths

Labyrinth walls should be provided for radicactive components to
prevent excessive personnel exposure at doorways Or passageways.
Pemovable wall sections may be required in these labyrinth walls to
allow equipment removability (see Section 5.2.1.3). Labyrinths may
also be utilized to provide missile protection.

5.2.1.3 Eguipment Removal Provisions

Equipment pull space should be provided to allow maintenance or
replacement of components over the 60~year design life. Other
provisions for equipment removal include:

. Lifting Provisions
. Removeal Path

. Removable Wall Sections
. Flanged Equipment Connections

5.2.1.4 Curbs

Curbs should be used for containment of liquids around equipment,
Curbs should also be placed around storage tanks with hazardous
raterials or radicactive ligquids to prevent the spread of these
materials in the event of a leak or rupture. The height of the
curb will depend on the liquid volume that must be contained and
the area inside the curb. Sloped ramps provide easier access
insice the curbs for tank replenishment and maintenance.
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FIGURE 5.2.2~1
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B. A 3-inch minimum clearance should be provided at the core
drill location to provide for drilling machine access.

§.2.2.2  Sleeve Configurations

A. 1If a sleeve passes through a wall that is a fire wall or
necessary for flood protection, a projection should be
left to allow a boot o be attached. A minimum projection
of 2 inches is recommended (see Figure 5.2.2-2 and Section

$.2.7.5.1).

B, If a sleeve passes through a wall that is not a fire wall
or other barrier necessary for flood protection, it should
pbe constructed flush with the wall.

C. Special sleeve configurations such as ovals should be
avoided where possible because of additional fabrication
requirements. Generally, it is better to use a larger
sleeve than to use a special configuration, except where
OSHA safety requirements restrict the sleeve size (i.e.,
floor penetrations). See Figure 5.2.2-3.

D. If a sleeve passes through a floor, a projection should be
left as specified in Section 5.2.2.2.A above.

5.2.2.3 lnspection Accessibility

Fittings and other components requiring inspection should be
minimized within sleeves. However, if components require
inspections within sleeves, provisions should be provided for these
inspections (see Section 6.2 6.8.2).

S.2:icvd Sizing

Sizing of sleeves regquires consideration of thermal growth,
insulation and tolerances. Generally a 1" minimum clear space
between the cuter surface of the piping (including insulation) and
the inside of the sleeve is recommended.

$.2.2.4.1 Insulation

When the outer diameter of the insulation has been determined, a
sleeve should be chosen which allows a minimum of 1" clearance
petween the outside of the insulation and the inside of the pipe
sleeve.

When insulation is either not required or the thickness is not
known, the following method may be used:

A. Low Temperature Piping (Design temperature less than or
equal to 200°F) =~ Increase the sleeve size by two nominal

pipe sizes.
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FIGURE §5.2.2-2
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FIGURE 5.2.2-3
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B. High Temperature Piping (Design temperature greater than
200°F) = Increase the sleeve size by three nominal pipe

sizes.
Examples:

1. 2" pipe, design tempecatura = 150°F = 6" sleeve
required

2. 2" pipe, design temperature = 300°F = B" sleeve
required

B:.8:8:858 Tolerances

There are several tcolerances which apply when specifying sleeves or
designing pipe curough sleeves and these tolerances can accumulate
sucn that erected piping cannot go through its intended sleeve

proper.y.

This can be avoided by specifying sleeves which are suificiently
larger than the intended pipe.

In special cases, strict erection tolerances may be imposed upon
construction. Tolerances less than those specified on plant
tolerance drawings should onlyv be used as a last resort to assure
critical piping can be installed properly.

$:8.,2:i4:3 Excessively lLarge Sleeves

At cimes, the sizing method above can result in excessively la.ge
sleeves. In some cases it may be better to reduce insulation in
sleeves (e.g., anti-sweat, conling water insulation). A trade-off
is necessary because of possibie compromises in structural strength
or number of sleeves. For example, when sleeves are larje their
number should be kept %0 a minimum, and when sleeves are small
their number may be larger.

Walls can support their intended structural loads with a limited
area allotted for sleeves. If the sleeve information is known
prior to structural design, walls can be designed to allow for many
large sleeves., Cost for the structure, however, will increase as
the number and size of the sleeves increase.

5.2.2.5 Specifications

Only standard pipe sizes should be specified for sleeves, since
sleeves are made from pipe.

$s8+3 FLOCDING PROTECTION

Flooding protection should be provided to prevent postulated
flooding sources from preventing required safety functions. For
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general flood protection guidelines, see Section §5.1.2.2.1.
Potential flocding sources include:

* Tanks

. Fire Protection Piping

. Mcderate Energy Piping

Note that potential water spray damage from pipe ruptures in high
energy lines should be envelcoped by jet impingement interactions.

5.2.3.1 Areas Of Interaction

The following guidelines shouid be used to evaluate the possibility
of nuclear safetv-related components being sprayed by water.

$.3.3.31<1 HYoderate Energy Pipe Ruptures

Water spray can result from (postulated) pipe ruptures in moderate
energy piping. Water spray (a direct consequence of the fluid
emitting from a pipe rupture) should be considered only as the
physical wetting of a component without pressure effects. Water
spray should be assumed to occur as a constant area jet (i.e., no
jet expansion assumed).

$.2.3.1.2 Inadvertent Actuation of Fire Protection System

Inadvertent actuation of the fire protection system in any given
area has the potential for causing water spray interactions and
should oe considered.

5.8+3:1,3 Inadvertent Actuation of Containment Spray

Inadvertent actuation of containment spray in containment has the
potential for causing water spray interactions and should be
considered.

5.2.3.2 Evaluation of Water Spray Effects

A review of water spray effects is required to determine if there
are any nuclear safety-related components (i.e., equip-ent,
instrumentation, electrical equipment) within the general r.uting
area which might be damaged by the water spray.

$:2:3:8.3 Damage Assessment

$:8:3:.8:s1.3 Equipment

Safety-related electrical components such as pump motors, motol
control centers, and switchgear should be assumed incapable of

performing their required safety function upon being sprayed by
water.
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2. 2. %.3:%.5 Instrumentation

Water spray should not preclude the ability of instrumentation to
initiate and complete any required safety function. A loss of
redundancy is permissible only if, after assuming ¢ single active
failure of any component, the safety function of the
instrumentation can still be completed.

$.2.3.2.1.3 Valves

Nuclear safety-related valves with electrical operators should be
assumed to be incapable of performing their intended function upon
being sprayed by water unless the valve operators are qualified for
water spray. Specific valve operator qualifications should be
zhecked for water spray qualifications.

W B in venti P

Structural components should b: used to the maximum extent poussible
for f{looding protection. Following are typical methods of flooding

prevention/protection:

. Division/Quadrant Separation
. Pipe Routing

. Equipment Locations

. Sump Pump Redundancy

. Sump Hi-Level Alarms

Bet:3:4% » n v ion/Pr

If adverse interactions cannot be resolved by rerouting the pipe or
relocating the equipment as discussed above, one of the following
methods should be used to show protection.

$:2+3,4:3 Component Qualification

Safety~-related components which are designed such that they are not
affected by water spray need not be further protected from water

spray.
§.2.3.4.2 Spray Shields

Spray shields may be used for situations where pipe rerouting or
relocation of safety-related equipment is not possible.

5.2.3.5 Eloor Drains

Floor drains should be adequately sized to drain spray from fire
protection nozzles to prevent area flooding.
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$.2:3.86 Elooding Isclation

Structural merbers should be used to the maximum extent possible
for flooding isolation. Other methods include:

. Flood Doors
. Curbs
. Sump Pumps

$.3.4 EMBEDDEL PIPING

The location of the interface point between embedded and expcsed
portions of piping should allow for easy fit up to the matcling
exposed piping. Generally, a minimum of 6" is needed (See Figuve

§.2.4-1).
$.2.4.1 Biping/Concrete Interaction

Interaction of embedded piping and the concrete should be
considered based on ACI 318, "Building Code Requirements for

Reinforced Concrete". Parameters to consider include:
. Temperature
. Thermal Expansion
] Pressure
. Material
. Seismic Interaction

5.2.4.2 - ain

The following are suggested practices for the design of embedded
drains:

A. Minimize the length of the run for drains.

Minimize the number of fittings used in routing drains.

B

C. Avoid low points and dead legs.

D Butt welds should be used in lieu of socket welds.
E

Eccentric reducers with the flat side on the bottom are
more desirable fittings than concentric reducers. If
there is a possibility of choked flow, and crud build-up
is unlikely, eccentric reducers with a flat side on top
are acceptable.

F. Clean-outs should be placed every twenty feet, where
possible.
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G. Pipe should be sloped 1/8" per foot in the direction of
flow, where possible.

H. Straight-in apprcach and abrupt changes of direction
should be avoided (see Figures $.2.4-2 and 5.2.4-3).

This design approach will minimize potential hot spots and crud
traps from forming in the drain lines in potentially radiocactive

piping.
S.2:9 BURIED PIPING

§.2.5.1  Ereeze Protection

Piping and equipment located in potential freeze zones should be
considered for insulition and possibly heat tracing.

The effects of freezing temperatures on pipe, equipme'‘, and
instruments should be considered during the design phase. There
are several methods which may be utilized to prevent freezing.
Recommended methods of freeze protection are listed Lelow:

A. Reroute to an Interior Area

B. Heat Tracing

C. Insulation

D. Localized Heating
From a piping design standpoint, method A or C is preferable. 1If

method B is to be used, the electrical impact must be considered.
If method D is to be used, the HVAC impact should be considered.

5.2.5.2 Jnspection and Access Reguirements
Access for required inspections should be provided, usually by
accessible pipe trenches or pits. Trenches should also be

considered to provide access for piping which could require
replacement over the life of the plant.

5.2.5.3 Bhysical Protection

Physical protection should be pruvided for buried piping. Usually
freeze protection also provides physical protection, either by an
enclosed pipe trench or burial below the freeze line.
Administrative requirements should be implemented to prevent damage
due to excavation.
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FIGURE 5.2.4-2
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FIGURE 5.2.4-3
kguirment _Doain Configuration
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Saddle-in or Saddle-on preferred and less
expensive than half coupling,

$.8.5.4 i smi tion W 8

Seismin interaction of buried piping and structures is described in
CESSAR-DC, Sectionm 3.7.3.12.1.

5.2.6 EXPOSED PIPING
5.2.8.1 Exreeze Protection

Exposed piping, especially instrument lines are susceptible to
freezing damage and should be avoided, especially in cold climates.
If exposure is not avcidable, the freeze protection methods
discussed in Section 5.2.5.1 should be considered depending on the
fluid medium and winter climate conditions.

5.2.8.2 Bhysical Protection

Exposed piping is also susceptible to physical damage and should be
avoided where possible. Where not avoidable, appropriate
protection should be provided. Protection from postulated hazards
must be shown by analysis for safety-related piping.
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3:2.7 FIRE PROTECTICON

Fire protection is required throughout the plant, but adds special
interactions that should be considered for all piping systeams.

5.2.7.1 Blant Lavout

Plant layouts should be arranged to isolate safety-related
equipment from unacceptable fire hazarde and separate redundant
safety~related systems from each other so that both are not subiect

to damage from a single fire hazard.

5.2.7.2 Eire Protection Sprinkler System

The location of process piping in plant areas served Dy sprinkler:
should allow free dispersion of the sprinkler liquid. Routing
piping close to sprinkler heads shctld be avoided.

§.2.7.3  Fire Frotection Valves

Fire protection valves shouid be located away from the areas they
service. The nature of these valves require quick and easy
accessibility act all times. Therefore, process piping routed in
these areas should facilitate accessibility.

5.2.7.4  Hose Reel Cabinets

Hose reel cabinets should be easily accessible. All process p.iping
should be routed to accummodate this.

5.2.7.5 Eire Seals

Fire seals are used to seal penetrations through fire walls. Two
appropriate methods for sealing wall sleeves are described below:

5.2.7.5.1 Boot Seal

A boot seal is an approved fire barrier. The seal is made from a
flexible fire resistant material and loocks somewhat like a

concentric reducer.

The use of a boot seal normally requires that the wall sleeve
project approximately 2 inches from the wall, thus allowing one end
of the seal to be clamped to the sleeve and the other ernd to be
clamped to the pipe passing through the sleeve., Note that there
are methods of applying a boot seal to sleeves which arc flush with

the wall.

A boot seal should be specified for use in situ:i'.ions where the
piping passing through the sleeve is subject to thermal movements
which cannot be tolerated by fire seal focam (see Section

5.2.7.3.2).
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$.2.7.5.2 Fire Seal Foam

Fire seal foam is an approved fire barrier which is used to seal
fire wall penetrations. Fire seal foam is applied in a liquid
state and then cures to a foam-like material.

Fire se.l foam is an effective fire seal, however, its application
is governed by the geometry c¢f the piping in the sleeve and the
thermal movement ¢f the piping. The geometry restrictions are
addressed .in Section 5.2.7.8.i.», B, and C while the thermal
movement restrictions are addressed in Sectiom $.7.7.8.2.

$.2.7.8 Rrains

Floor drains, sized to remove expected fire fighting liquids plus
liquids from ciLher sources (e.g., tanrks), should be provided in
those areas where water supprecssion systems ace installed. Drains
should also be provided in other areas where hand hose lines could
pe used if such fire fighting water could cause unacceptab.e damage

to egquipment.

§.2.7.7 Elushing and Testing Provisions

Provisions should be provided for flushing and testing of fire
protection piping.

5.2.7.8 Fire Barrier Penetrations

All piping penetrations in fire barrier walls should be sealed
appropriately.

$.2.7.8.1 Design Considerations
Fire barrier penetration design considerations are as follows:

A. Multiple pipes anu cables through the same sleeve should
be avoided.

B. The annular space should be no more than 4" if fire seal
foam is to be used.

C. The maximum normal sleeve size should be 14". Sleeves
larger than 14" should project from the wall at least 2"
to allow boot s2al installation.

D. Pipes penetrating a steel stud drywall should have a space
envelope of at least 2" around the 0.D. of the pipe and 8"
from the wall. This allows for boot installation and
should be checked for interferences (e.g., hangers).
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E. Fire wall penetrations by non-metallic piping (e.g., PVC)
should be changed to steel pipe for a distance of at least
S feet on either side of the wall.
5.8:7.8.8 Piping Penetrations Subject Tc Movement
Foam fire wall sealant can absorr 4" of movement per 2" of foam
radial thickness. Thickness is measured from the pipe OD to the

sleeve ID. Movements greater than that allowed for foam require a
boot seal or ancther acceptable fire seal.

$.2.7.9 acti
$.8:7.9.:1 Fire Hagzard Prevention

Provision should be made zo preclude fire lazards for piping
carrying petroleum-based or other potencial flammable materials.

- I L P Explosion Prevention

Provision should be made to preclude explosion hazarde for piping
carrying combustible gases such as hydrogen.

$e8:7.9:3 Personnel Protection From Exposure to Incapacitating
Gases

Incapacitating gas protection, such as chlorine gas protection for
the Contrel Roem, should be provided for where warranted.

P PIPING INTERACTION WITH ELECTRICAL EQUIPMENT/CABLE
5.2.8.1 lectr] ipm I
$.2.8.1.1 Piping Guidelines

Piping should be designed and routed s¢ as to not adversely impact
electrical equipment operation or cable operability. Piping
guidelines include the fclliowing:

A. Piping should not be routed above electrical equipment to
avoid water and/or coullision damage in the event of a pipe
rupture,

B. Piping should not interfere with electrical c*binet door
swing space or enter in the cabinet mainter..nce access
area.

C. Piping should not be routed close to electrical equipment.

A typical minimum distance of 30" to the side and below
electrical equipment should be maintained.
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5.2.8.1.2 Guideline Compromises

wherever possible, the guidelinos listed in Section 5.2.8.1.1
should be applied. The following compromises may be made, though,
for situations where these guidelines are impractical:

A. Moderate energy or seismically designed high energy piping
may be routed above non-safety related electrical
equipment if only straight pipe is involved (i.e., no in-
line components such as valves or instruments) and anti-

sweat insulation is installed.

B. A minimum clearance of 30" below or to the side of
electrical equipment is desired but may be compromised,
taking into account the characteristics of the pipe such

as:
1. Type of fluid in pipe.
2. Temperature of fluid in paipe.

3. Seismic/nou-seismic design of pipe and/or electrical
equipment.

4. Whether or not the electrical egquipment is safety-
related.

5. Other pipe or electrical equipment characteristics
which influence accident damage poussibiliuy.

5.2.4."  Cable Tray Interaction

where a single pipe crosses perpendicular to a cable tray, a
minimum vertical clearance of 6 inches should always be maintained
petween the piping and the cable tray. Wherever possible, use the
spacing requirements of Table 6.2.6-1.

5.2.8.3 Qther Piping Interaction Considerations

A. Piping should not be located in, above, or Dbelow
electrical shafts.

B. High energy piping should not be routed in the Cont:iol
Complex, Electrical csenetration Rooms, vital
Instrumentation and Electrical Rooms, or Remote Shutdown
Panel Rooms to keep potential adverse interactions to a
minimum. See Section 7.1.8.1.1 fcr a description of high
energy piping.

C. Moderate energy piping should not be routed in the Control
Room to prevent potential flooding interacticns.
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§.2.8.4 Separation of Electrical Components

Piping of cne train coanecting to electrical equipment for con:rol
purposes should be routed so as to comply with the electrical
separation of redundant components requirement. Redundant circuits
should be separated three feet horizontally and five feet
vertically in the General Plant Area and one foot hcrizontally and
three feet vertically for the Control Complex Area,

Electrical requirements dictate that there should be a minimum
separation distance between redundant Class 1E and Non-Class 1E
circuits and equipment. This separation distance must be free of
interposing structures, equipment, or materials which could aid in
the propagation of fire or could disable Class 1lE circuits. The
piping layout should not interfere wich th? separztion distance.

5.2.8.5 Eiber Optic Cable Interaction

Radiation effects should be considered in potential fiber optic
cable applications. Where the radiation levels preclude the use of
fiber optic cable, ccaxial cable should be used.

$.2.9 PIPING INTERAC1ION WITH HVAC EQUIPMENT/DUCTWORK

L U

S.8:3:1 general

General HVAC ductwork/piping interaction considerations are
contained in Section 5.1. 1In addition, piping shculd not be routed
through ductwork due to potential adverse interactions,

5.2.9.2  Access to Dampers and Other HVAC Eguipment

Access should be provided to HVAC dampers, tTans, and filter units
so as to facilitate maintenance activities.

n

1 839 POSTULATED PIPE BREAKS

Postulared pipe breaks, their interactions, and analysis
requirements are discussed in Section 7.1.8.

5.3 HVAC DUCTWORK
5.341 HVAC EQUIPMENT LOCATIONS

5.3.1.1 Accessibility

Equipment must be placed to perform its required function, and
allow access for operation and maintenance. Accessibility for
maintenance should be provided based on equipment vendor
recommendations and operaticnal experience.
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5.3.1.2 Space Limitations

HVAC equipment (fcas, filters, AHUs) takes up a significant amount
of space and must be located accordingly. Allotting equipment
space early in the design process should ensure adequate space and
allow the ductwork length to be minimized.

$.3.1.3 Eguipment Removal Provizions

Equipment pull space should be provided to allow maintenance or
replacement of components over the 60-year design life. Other
provisions for equipment removal include:

. Lifting Provi- 'ons

. Removal Path

. Removable Wall Sections

. Flanged Connections

. Access for Filter Changeout

. Removal and Laydown Space for Ductwork Seciions

$.3:1:4 ALARA

Due to the potential radicactivity of some HVAC equipment (e.g.,
filter trains), ALARA must be considered in the design. Equipment
enclosure should be considered along with provisions for changing
potentially radicactive filters.

$.3.1.9 Electrical Power Provicions

Proximity to power supplies and controllers should be considered
when locating equipment which is a large electrical lcad (e.g.,

fans) .

5.3.1.%6 Chilled Water

Chilled water pipe routing should be considered when placing
equipment such as recirculating air handling units.

5.3.1.7 Drain Provisions

Drain provisions should be considered for equipment such as fans,
cooling coils, moisture separators, and water deluge systems in air
cleaning units. The radioactivity potential of the drain water
must also te considered.
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$.3.2 STRUCTURAL INTERFACE
5.3.2.1 Wall/Floor Openings

The strength of floors and walls around ductwork openings should be
carefully considered due to the required size of the penetrations.

5.3.2.2 Structural Loading

The structure must be adegquate to support the HVAC equipment
loading along with supports [{or the ductwork and in-line
components. See Sectiom 7.2 for HVAC ductwork analysis.

5.3.2.3  [Eire Protection

Seals should be provided at duct penetrations (walls, floors) of
fire barriers. Fire seals and fire dampers should be used to
ensure that the penetration does not degrade the fire barrier below
required levels (see Section 4.3.1.10).

Vertical duct shafts and plenums shculd be reviewed carefully,
since stack effect can occur if adequate fire barriers are not
provided at floor elevations.

5.3.3 MECHANICAL INTERFACE
§.3.3.1 Biping Interface

HVAC ductwork should be routeqd above piping where possible to
prevent ductwork damage due to pipe leakage or rupture. Routing of
pipe through ductwork should be avoided.

5.3.3.2 Electrical Cable Tray/Conduit Interface

Ductwork and cable trays will usually be in the same vicinity in
the upper room elevations. Proper segregation (seismic, non-
seismic) should minimize adverse interactions between HVAC ductwork

and cable trays (see Section 5.1.3).

5.4  ELECTRICAL CABLE TRAYS/CONDUIT

§.4.1  ELECTRICAL EQUIPMENT LOCATION
$.4.1.1  Space Allocation

Space for electrical equipment should be allocated in the plant
general arrangement during the design phase tc ensure adequate room
exists for electrical panels, cabinets, switchgear, and other
electrical equipment. In addition, space for cable trays should be
reserved on the plant arrangements as these electrical items tend
to require a significant amount of space.
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$.4.2.4  Eguipment Bases

Equipment bases shall be provided for electrical equipment and
components in areas which are subject to becoming wet,

5.4.2.5 Embedded Conduit

Embedded corduit locations should be considered to take into
account rebar, openings, and other interferences.

5.4.2.6 Srounding System

The grounding system arrangement should be considered for equipment
placement and cable routing.

5.4:3 MECHANICAL INTERACTION
5.8+3.1 ing I

Whenever possible, non-safety related electrical cable trays should
not be routed above or adjacent to safety-related piping such that
seismic interaction is possible.

$.4:.3.3:1 Temperature Considerations
Multi-level cable tray systems should provide, as a minimum, one-
foot, four-inch vertical spaces between the bottom of the upper

tray and the top of the lower tray, and two feet of horizontal
space between adjacent trays.

Cable tray and conduit should be located a safe distance from high

tempecrature piping systems to preclude the necessity of reducing
the cable ampacity as a result ¢of increased ambient temperature.

5.4.3.1.2 Accessibility for Maintenance and Testing
Access should be provided to electrical equipment to facilitate

maintenance activities and testing. Cabinetl door swing should be
considered as well as other test connections.

5.3 REFERENCES

5.5.3 ACI 318-89, "Building Code Requirements for Reinforced
Concrete".

$.9.2 ASME B31.1-1989 Edition, Power Piping.

$.8.3 CESSAR Design Certification, System 80+ Standard Design,
Amendment I.
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6.0  DISTRIBUTION SYSTEm> ¥ JUTING GUIDELINES

6.1 GENERAL
6.1.1 PIPING/DUCTWORK/CABLE TRAY RELATIVE ELEVAIIONS

Piping should generally be routed below HVAC ductwork and cable
trays to protect the ductwork and cable trays from spray and
impingerant damage due to leakage and postulated pipe ruptures.

6.1.2 DIVISIONAL AND QUADRANT SEPARATION

Structural walls should be utilized for divisional separation in
the Nuclear Island. Quadrant separation should be maintained for
ECCS components in the Reactor Building subsphere. This separation
is intended to prevent pipe ruptures or other failures in one
division/quadrant from affecting redundant equipment in another
division and/cr gQuadrant.

6.1.3 STANDARD COMPONENTS

Use of standard components should be maximized for all distribution
systems. Standard components are more interchangeable, more
readily available, and less costly.

§.1.3.1  Piping

For interchangeability and ease of procurement, standard pipe sizes
and materials should be utilized wherever possible.

§.1.3.2 a4 !

A. Standard fittings should be wused in all possible
applications. Non-standard fittings as shown in Figure
6.1.3~-1 should be avoided.

B. Fittings in sleeves hinder access for welding and
inspections. Fittings and welds in sleeves should be

avoided.

C. Branch fittings should be checked for compatibility and
compliance with piping and installation specifications.

6.1.3.3  Valves

Manual and control valves, as well a2s valve operators, should be
standardized to the maximum extent possible.

DRAFT t=~1 July 25, 1992



SYSTEM B80+™ DESIGN CERTIFICATION
3T'F SYSTEMS DESIGN GUID

of these non-standard fittings should be avoided.




SYSTEM 80+™ DESIGN CERTIFICATION
DISTRIBUTION SYSTEMS DESIGN GUIDE

6.1.3.4 Ripe Supports

Standard pipe support desigrs and materials should be utilized to
the maximum extent possible. Optimum envelopes for support designs
should be developed for use during ripc routing, Support
guidelines are described in Section 6.2.3.

6.1.3.5  HVAC Components

Similar to piping, HVAC systems and components should be
standardized to the maximum extent possible. HVAC components

include ductwork, ductwork supports, fans and dampers.

6.1.3.6 Electrical Components

Similar to piping and HVAC, electrical compconents should be
standardized to the maximum extent possible., Electrical components
include cable, supports, cable trays, conduit, junction boxes and

MCCs.
6.1.4 CONSTRUCTABILTTY

6.1.4.1  Iolerances

Adegquate tolerances should be provided in the design to facilitat2
construction and preclude rework and field change delays.

6.1.4.2 dtandard Components

Standard components should be utilized to the maximum extent
possible (see Section €.1.3).

6.1.4.3  Accessibility

6.1.4.3.1 Clearance

Clearances should be provided in the design to allow for
construction, preservice/inservice inspection, operation, and
maintenance.

6.1.4.3.2 Testing Provisions

Testing provisions should be incorporated into the design., Access
should be provided for both preservice and inservice testing.
Perscnnel and testing equipment access should also be considered.
Isclation valves, test connections, and recirculation/bypass lines
s?ould be incorporated into the design to preclude abnormal syst.m
+ineup.s.
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6.2  EIRING
6.2.1  EQUIPMENT CONSIDERATIONS

6.2.1.1  Eguipment Arranzement
$.8:3:1.13 Accessibility

Accessibility for installaticn, testing, operation, and maintenance
of egquipment should be provided based on equiprent requirements
provided by the vendor and past plant experience.

§.2:3.:1.:8 Pull Space

Equipment pull space should be provided based -3 vendor 1
requirements. Pull space provisions include equipment and
equipment module (i.e., tube bundles, pump motors) removability.

6.2.1.1.3 Maintenance

Maintenan.w  vovisions should be provided, including menorails, jib
cranes, ¢ rov ble wall sections, hatches, and flanged connections.
Orientation and requirements of other equipment in the vicinity
should also be considered.

6.2.1.2 Connecting Piping Requirements
6.2.1.2.1 Nozzle Lcads

Equipment nozzle loads should be minimized t¢ be within equipment
vendor specifications. If nozzle load limits are not Kknown,
conservative nozzle lcads may be assumed and verified with vendor
specifications. Typical nozzle loads that may be used for these
conservative assumptions are listed below in Table 6.2.1-1.

TABLE 6.2.1~1

Iypical Allowable Nozzle loads
Service level Eorces (lbs) Moments (In-1bg)
Normal 200 x A 2000 x S
Upset 400 x A 4000 x S
Faulted $00 x A 5000 x S

Where: A = Pipe cross-sectional metal area (in?)
§ = Pipe section modulus (in’)

DRAFT 6=5 July 25, 1992




SYSTEM 80+™ DESIGN CERTIFICATION
DIS™RIBUTION SYSTEMS DESIGN GUIDE

6.2.1.2.2 End Connections

End connections should be designed to be compatible with
interconnecting piping.

6.2.1.2.3 Heat Tracing

Heat tracing is i1sed for liquid-containing pipelines to prevent the
liquid from fre‘'zing or becoming too viscous. In pipelines
containing gases, heat tracing prevents gas components from
condensing. Pipiny may be heated by using fluid heating media
(steam, hot water, ho" oil, or Dowrtherm®), or by electricity. Heat
tracing should be mininized due to the required .naintenance.

Typical heat traced piping applications include borated water
lines, and lines subject to freezing during cold weather. Borated
water ..nes greater than 2.5% by weigut require heat tracing to
prevent precipitation. Note that for System 80+, the only borated
water piping requiring heat tracing shoul: be for CVCS bornn
batching due to the RCS boron concentration being less than 2.5%,

6.2.1.2.3.1 Requirements

When a piping system requires heat tracing, the designer should
take into account the installation and maintenance of the heat
tracing system. Guidelines are as follows:

A. In order to minimize the possibility of short-out due to
flooding or loss of heat, piping requiring electrical heat
tracing should not be located near floors or at low points
in the building.

B. Heat traced piping should not be located in high traffic
areas where physical damage could occur (e.g, access
aisles). If piping must be located in a high traffic
area, a minimum clearance of 30 inches should be provided
and protective shields should be installed.

C. Heat traced piping should be separated from other piping,
walls, floors, and ceilings, with sufficient space for
installation of cables and insulation. Typically, a 12"
minimum clearance is needed. General spacing requirements
:o; :%?E Class 1, 2, and 3 piping are given in Section

D. Flange connections should be kept to a minimum to aveoid
the need for heating cable adders.

E. When choosing a sleeve for a pipe that is being heat
traced, the sleeve should be large enough to accommodate
the heat tracing cables and necessary \nsulation (see

Section 5.2.3.4) .
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F. Outdoor piping should meet the intent of Section
6.2.1.2.3.1.8 and should remain easily accessible from a
standpoint of setting and maintaining locally mounted
temperature controllers.

6.2.1.2.3.2 Steam Tracing Of Pipelines

Heat to piping may be provided by steam pipes either inside or
outside the line., Steam jacketing may also be used, but due to its
high cost, it is employed only for special situations invelving
high heating lcads. Since steam has a high film heat-tran. ar-
coefficient, it condenses at constant temperature and flows to the
point of use without pumps. Typically, this practice is not used
in nuclear plants due to the unavailability of high temperature,
superhecated steam. In other plants (coal, o¢il) where high
temperature, superheated steam is available, this method is more

practical.
6.2.1.2.3.3 Electrical Pipe Heating

External heat tracing consists of installing electric heating
cables in contact with the outer surface of the pipe with stainless
steel straps, and thcn applying insulation to the pipe, The most
common size cable used is 3/8" OD with an option of 5/8" OD wiring.
After the wires are connected, the heat tracing is covered with
aluminum lagging., Heating by electricity to maintain temperatures
in pipelines has advantages over steam. These are:

A. Heat can be provided with automatic controls.

B Heating of the pipe is more uniform,

C. Operating and maintcnance cost are lower than steam,
D

Heating can be applied equally tn short and long
pipelines.

Some borated water system use two heat tracing systems, The
primary system can have a temperature setting of 175°F, and the
secondary system a setting of 160°F. The secondary system can be
used as a backup system, or it can be used as an additicnal heating
system along with the primary system to prevent crystallization of
borated water at higher concentrations,

Note that at boron concentrations less than 2.5% by weight,
crystallization does not occur down to 32°F. Since the System 80+
maximum boron concentration is 2.5%, only the borated water piping
used in the mixing and transfer fiom the CVCS batchirg tanks
requires heat tracing.
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§.2.1.3 Elowmeters

Twenty oipe diameters of straight pipe should be provided upstream,
and ten pipe diameters of straight pipe should be provided
downstream of flow elements unless othervise specified by
manufacturer’s instructions. The inside diameter should be used

for the pipe diameter computation.
6.2.2 VALVES
6.2.2.1 Yalve Functions

General valve applications and guidelines are stated below,
Specific applications should be researched further, as appropriate.

6.2.2.1.1 Gate Valvae
$.2:3:3:3.3 Solid Wedge

This valve is recommended for lines at ambient temperatures and in
line sizes 4 inches and smaller. Thermal differentials and pipe
loads can distort critical body interfaces that the solid wedge

cannot adapt to.

Additionally, the solid wedge is not suited for use with power
actuators. Changes in operating characteristics of actuators and
environmental changes dictats its use to be limited to applications
where manual actuation is acceptable.

$.2.2.1.1:2 Flex-Wedgs and Split Wedge

These are probably the best general purpose gate valves available.
The flexibility of the wedge allows operation over a broader range
of conditions. They should not be used in applications that are
subject to extreme temperature variations or fast closure. The
limitation on speed of operation is a result of the tendency of the
wedge to lock or bind when closed quickly.

$.2:%:3:4+9 Double Disc

The double disc valve is designed to provide tight shut-off and
reliable operation in extreme environments., Its free floating disc
and parallel seats eliminate the criticality of the seat-disc
angles, permit tight sealing under the most adverse temperature and
pipe loading conditions, and greatly simplify maintenance. The
wedging mechanism allows the valve to be used at temperature
extremes and assures reliable opening regardless of closure speed.
This type of valve should be considered whenever one or more of the
following conditions are required: (1) the valve must close
gquickly, (2) bubble tightness is desired, or (3) air seat leakage

testing is required.
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B2 eBodsds® Conduit

The conduit gate is a valve that is designed for use in service
where an unobstructed flow passage through the seat area is
required. It has been extensively used in pipeline services where
the practice of running "pigs" through the pipeline necessitates
the elimination of any surfaces that they could get hung up on.
Conduit valves are also used in lines where the media is "dirty"
and containg particles like rocks or metal chips.

$.2.2,1.2 Globe Valve

Globe valves are generally ""sed for throttling and shut-off., When
used in throttling applications they should be installed with flow
under the seat. The configuration of the disc is such that only
the bottom presents a smooth flow profile, The sharp profile of
the top of the disc, when exposed to high valocity fluids can cause
turbulence. This results in unreliable throttling and possible

valve damage.

Globe valves can also be used for shut-off, but are also
unidirecticonal in this application. In order to obtain a tight
seal, the valve should be installed with flow over the disc., With
flow under the disc, the actuator has to provide a force equal to
the full differential plus an additional amount to provide a
sufficient unit load in the seat to achieve a seal. This force
must be maintained if the valve is to remain tightly sealed.

With flow over the disc, the prussure acts as the sealing force.
In this situation, the actuator is sequired only to overcome the
differential pressure force when the valve is operated.

Aside from the different types of discs supplied, globe valves are
also supplied in four different body configurations. They are the
Regular (herizontal or pattern), "Y" (wye), Angle, and the Y-Angle
(elbow down).

Note that packless globe valves are used as iscolation service with
flow under the disc. Packless globe valves should not be used for
throttling or reversible flow conditions. These valves should also
be installed in clean systems a. they are very susceptible to seat
damage caused by impurities in the system.

B8 2:.3:852 Horizontal Globe

This is the most commonly used of the globe valves even though it
has the greatest flow resistance.
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6.2.2.1.2.2 Y-Globe

This design is used where throttling capability is required but
lower flow resistance is desired, The inclined stem angle makes
maintenance more difficult than vwith a horizontal globe.

6.2:2.1.3.:3 Angle Globe

This design takes advantaje of a 90° bend in the piping and
replaces the elbow with a tlirottling valve. This eliminates extra
welds, reduces system pressure drop, ane permits the most otticiont

use of available space.
6.2.2.1.2.4 Y~Angle Globe

This design combines the installation vorlutility of the angle
valve with the lower pressure drop of the Y-globe, The
instaliation limitations ¢f this type are opposite of those for a
regular angle valve,

6.2.2.1.3 Check Valve
Check valves differ considerably in their constructicn and

operation from the other jroups of valves designed either to stop
the flow entirely or to throttle the flow to the degree desired.

There are *“hiee pasic designs of the check valve; the swing check
valve, the lift check valve, and the tilting disc valve.

$:2:3.1:3.1% Swing Check

These are the most popular of all check valves since they offer
very little resistance to flow when in the wide open position.
They are generally used in all piping where tle pressure drop is of

prime importunce. Swing check valves are used for handling
liquids, and can be installed in vertical (flow up) or horizontal
position without dimpairing their performance. To allow for

maintenance, swing check wvalves 8" and larger should not be
installed in vertical pipe runs unless horizontal installation is
not pessible or feasible, or other applications where the reversal
of flow is ~requent, since this could cause the valve disk to
fluctuate rapidly and result in "valve chatter."

. 2.0:343:8 Lift Check

Lift checks are based on glocbe valve body designs and as a result
are available in either the regular, angle, or wye configuration.
The regular is the most common, even though it has the highest
pressure drop. The angle lift check is designed to be used in a
90° pipe bend. Installed in place of an elbow, this valve
eliminates extra welds, and minimizes the additional pressure drop
in the system. The wye lift check has the lowest pressure drop of
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the three lift checks but is still greater than most swing checks,
It is not generally supplied in larger sizes because the we.ght of
the disc on the guides can impair operation. 1In mary designs wye
1ift checks are supplied with a spring above the disc to compensate
for friction between the disc and guides,.

All 1ift checks should be installed with the bonnet vertica'., This
means that regular lift checks should only be used in horizental
lines, and angle lift checks should be installed with the normal
flow up. Wye lift checks can be installecd in either horiiontal
lines or in vertical lines with the normal flow upward., Packless
type globe and 1ift check valves should only be used in relatively
clean environments as close tolerances promote damage to the seat

area from slurries or particulates,.
$:.2.8.4:3:9 Tilting Disc Check

The tilting disc check (TDC) valve offers significant advantages
over swing checks or lift checks, when high velocities are present,
put perform poorly when return velocity and differential pressures
are small, Without a large force in the reverse direction, TDC's
with metal seats will not seal tigbtly. A TDC has less tlow
resistance than a lift check, but has a greater flow resistance
than a swing check valve.

$.2.2:1.4 Plug Valve

The major application for this valve is co function as a complete
shut-off. It may be used for throttling where accurate adjustment
is not necessary, It .s normally used in applications with low
temperatures and pressures. The simple design offers easy
operation, positive closure, and therefore lends itself to
automatic control. In addition to the two-way valves, multiple
port arrangements are possible for special applications such as
flow diversinn »>r bhlending, Plug valves are limited to low
temperature, low pressure application (i.e., 300 1lb. ANSI Class,

200°F) .
6.2.2,1.8% Butterfly Valve

The butterfly valve has the advantage of combining in one val.e,
the block-valve (on/coff) / nction with the throttling=-control
function. This could require a positioner to assure that proper
valve control is obtained, 't it does allow for combining the two
funcclons into one valve. Also, the single wafer-disk that pivots
in the body can easily be cperated manually or automatically. The
use of geared operators, levers, electric-motor drives, air-
cylinder, or hydraulic-cylinder operators, or diaphragm operators
is quite common for local or remote operation of butterfly valves,
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6.2.2.1.6 Diaphragm Valve

Diaphragm valves rely on a flexible diaphragm to block fluid flow.
Both high and low weir designs are available. The high weir causes
less flexing of the diaphragm, but produces higher pressure drop.

Diaphragm valves can be used for throttling and to handle solids~
laden streams as well as in clean service. They have no pockets to
trap material. Pressures and temperatures are usually low (215
psig and 300°F maximum) because the diaphragm is not able to
withstand extremes. Diaphragm failure and replacement can occur
and cause considerable damage when handling corrosive chemicals.

% PR Y R Ball Valve

The ball valve is limited to those temperatures and pressures
tilowed by the seat material. They are not limited to a particular

fluid material.

These valves are of the on-off variety. However, the bLall valve
provides not only tight shutoff but also good fiow characteristics

approaching those of an equal percentage valve. For this reason,
it is often applied as a combination throttling and shut~-off valve.

$.2:2:1.8 Relief Valve

Relief valves are required to protect against exceeding the design
pressure of a system or component. The design pressure of the
equipment the pressure relief valve is intended to protect will
determine its set pressure, These valves are designed primarily

for liquid service.

The function of the relief valve is to sense a pressure build up in
the system and to provide a slow path for material out of the
system., Pressure build up is sensed by a force~balance arrangement
that consists of gprocess pressure acting on a fixed area and

opposed by a spring or weight,

The direct, spring-opposed pressure relief valve usually has an
angle body. The inlet connection is suitable for the upstream
temperature and pressure, while the outlet side and bonnet are
designed for lower pressures. The outlet side is normally larger
to allow for expansion of the flowing medium.

6.2.2.1.9 Safety Valve

Safety valves are generally used in steam service. When used in
superheated steam service over 450°F, the body, bonnet, and spindle
should be carbon steel or higher alloy material.
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Because the sealing force is normal to the direction of disc
movement, oferation requires less force than most other valves.
The force rhat must be overcome is mainly due to the friction of
the disc being {forced against the seat by che differential
pressure. The actval force a gate actuator must overcome is a
force equal to the differential pressure times a coefl{ficient of
friction, (generaily 0.3 for a wedge gate and 0.2 for a parellel
seat gate). This results in the use of a relatively small actuator
on most gate valves. Small bypass valves are soretimes used to
equalize pressure prior to opening large, high pressure valves.

Gate valves should not be ugfed as throttling devices due to erosion
at the edge of the disc and seat ring when they are exposed to the
turbulence produced by the partially open gate.

6.2.2.2.1.2 Globe Valve

Glcbe valves are used as throttling devices. The streamlined
surface that the plug presents to the flow, minimizes turbulence
(and resulting erosion) and permits re¢liable control of the flow
rate. The smooth profile is especially critical when high energy
fluids must be controlled over a wide range. The high velocities
through the seat area, when the valve is throttled, can cause
severe ercsion of any obstructions in the flow path., In addition
to the potential damage to the dis: the turbulence created by
using a valve not designed for throti..ng service can cause erosion
of the adjacent body servic

The opposite unidirectional nature of the globe valve for
throttling and shut-off should b carefully considered. These two
functions should not be combined .n a single valve if smaling and
throttling are in the same direction. When the throttling function
is required in one direction and shut-off is desired in the other,
a globe valve is an ideal choice. Because globe valves have poorer
flow characteristics (i.e., greater pressure drop), and require
larger actuators than gate valves, they are not considered as good
a choice for solely isolation service. Note that globe valves must
be procured for their chrottling service conditions. Also, they
are not designed for large differential pressures in tLhe reverse
direction due to the tendency to unseat the disc.

$.2.2.2:1:9 Check Valve

Check valves are designed to prevent the reversal of flcw in a line
automatically. Where the flow in a line is in ~ne direction and
isclation is in the opposite direction, the ability of a check
valve to close independently of any outside signal can be very

useful.

Because the sealing force in a check valve is obtained solely as a
result of differential pressure, obtaining a tight seal at low
differential pressure is difficult, particularly with metal seated
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valves. The large unit loading necessary for a tight seal at low
pressures is not present in a check valve, but when environmental
conditions permit the use of a resilient jeat material, the weight
of the disc can sometimes previde enocugh force to seal. This
spect is useful where low pressure differentials exist.

6.2.2.2.1.4 Plug Valve

The plug valve is of the "block"™ or complete shut-cff type.
Several basic features make the plug valve ideal for power plant
application. It has no projecting yokes or bennets, no exposed
threads, and no underhanging body to waste vital space, The plug
valve can safely and efficiently handle gas and liquid fuel, boiler
feedwater, condensate, and similar mediums,.

The plug is the only movable member. The valve is opened by
rotation with the plug turning on a seat., Rotation eliminates the
need for raising and lowering a movable valve member, and protects
seating surfaces from exposure to corrosive e.ements.

One feature of the plug valve is the quick opening and closing
operation, a quarter turn fully opens or closes the valve. Valves
are wrench, gear, air, or motor operated. Plug valves have a
polymer base sleeve which limits normal operating fluid
temperatures to approximately 200°F. They are not restricted to
one-way flow, (i.e., the valve can be installed in either direction
because it holds pressure in either direction).

$.2:2.2.1.9 Butterfly Valve

Butterfly valves often appear in modified form to suit requirements
such as tight shut-off, tailored charicteristics, butter control

performance, or higher rangeability.

They are normally used in isolation and moderate throttling
applications for low pressure/temperature services. In leak-tight
shutcff applications, soft seats should be specified. Advantages
of butterfly valves are compactness and ease of installation. Two
disadvantages are poor cavitation performance and the possibility
of damage to the seat and disc when throttling at low flows.

6.2.2.2.4.6 Diaphragm Valve

This valve consists of three simple elements; the valve body, valve
diaphragm, and valve bonnet assembly. The diaphragm in this valve
serves as the closing, or seat, member as well as the partition
that separates the valve working parts (bonnet) from the fluid
passageway. The diaphragm is not used as a packing substitute, but
instead is used as a dynamic seating element, and eliminates the
necessity for conventional valve stem packing material.
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The attribute of bubble-tight eating in this valve design results
in its principal application where drip~tight, bubble-proof closure

is required.

The standard elastomeric rubber~base diaphragm operating
temperature is froem 180°F to Z00°F for special heat resisting
diaphragms. The use of Teflon as a diaphragm material permits the
Jse of the valve at temperatures up to 300°F.

P L Ball Valve

Ball valves are basically modified plug valves. The wall has a
port opening that joins with the body in the open position. Ball
valves are mainly used for on-off services, however, they can also
be used satisfactorily for throttling service in low differential
pressure applications. They are quick to operate, easy to
maintain, regquire no lubrication, give tight sealing with low
torque, and exhibit a pressure drop that is a function of the port

gsize selected.

One disadvantage is that when closed, some fluid is trapped between
the seats and in the hole of the ball, which might be damaging at

high temperatures.
6.2.2.2.1.8 Relief Valve

Relief valves prevent overpressurization of process equipment and
piping. Such valves operate automatically at a predetermined
pressure to vent fluid and rel.eve the excess pressure.

The pressure-relief valve usually consists of an angle type body
having an inlet flanje at the bottom and an outlet flange at the
side. The inlet flange is designed for inlet pressure and inlet
temperature ratings. The larger outlet flange usually has a lower

pressure rating.
6.2.2.2.1.9 Safety Valve

The overall design of the safety valve is similar to that of the
relief valve, In steam, air, gas, and vapor gervices, the safety
valve pops open when pressure reaches the set pressure. Pressure
will continue to rise - usually 3% to 33% above the set pressure.
After relieving (called blowdown), the disk reseats at about 4%

below the set pressure.
$.2:8:2:1:20 Safety~Relief Valve

This valve incorporates the same basic design as the relief valve.
Its function is to sense a pressure build up in the system and to
provide a flow path from the system, Pressure build up is sensed
by a force-balance arrangement that consists of process pressure
acting on a fixed area and opposed by a spring.
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$:2:8:.2:3:11 Control Valve

rentrel valves are the basic regulatory devices in any process
operation handling fluid streams. They are usually the same size
or one size smaller than the upstream pipe size, never larger.
Control valves are much smaller than line size when high pressure
differentials have to be absorbed.

The three basic types of valves used for control valve design are
globe valves, specially designed ball valves, and butterfly valves.
Globe valves with cage style trim are standard for control velves.
The cage offers valve=-plug guiding for stability in the region
where maximum pressure drop orcurs.

$.2. 22432 Solencid Valve

Solenoic operated valves, normally referred to as simply sclenoid
valves, get their name from the fact that they are actuated hy a
solencid motor. The valve body is normally a globe stylse.
Solenoid valves can be either cn~off or modulating valves, although
the latter is seldom used except for small valves. Actuation can
be direct acting for moderate pressures or pilot assisted for high
pressures. A .najor advantage of solenoid valves is that they can
be seal welded to prevent external leakage.

$.2:8:.3.% Valve Body

A. Valves should be oriented with the stem vertical unless
specifically permitted by the manufacturer’s drawing (see
Figure 6.2.2~1), or if required otherwise to comply with
an overriding requirement.

B. Check valves must be oriented vertically up or horizontal
unless specified otherwise by the valve manufacturer (see
Figure 6.2.2-2) .

C. 8wing check valves may be placed in vertical runs
providing the normal flow is upward. Swing check valves,
8" and larger should not be installed in vertical pipe
runs unless horizontal installation i{s not possible or
feasible from other good installation practices. For
swing check valves adjacent to fittings, the plane of the
fitting should be perpendicular to the clapper arm hang
pin. If the requirements of Section 6.2.2.3.1.1 cannot be
met, as 4 minimum, a 6" spool is needed between a swing
check valve and a downstream valve »r fitting to prevent
clapper arm interference.
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FIGURE 6.2.2-1
&

The preferred valve body orientation is witn the
bonnet vertical, in a horizontal pipe run. This
produces a symmetric natural balance in the
valve yielding minimum wearing forces on moving
valve parts. Also, stresses are greatly reduced
with the valve in this orientation.

BONNET

L VALV
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FIGURE 6.2.2-2

™ \’

Check valves should be plared in horizontal
pipe runs with the bonnet vertical. While not
recommended, most check valves may be placed in
vertical runs, provided that the normal flow
direction is vertical.

BONNET

e
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All lift check valves should be installed with the bonnet
einting up. Therefore, regular lift check valves should
located in horizontal piping, and angle lift check
valves should be lccated with normal flow up. Wye lift
check valves may be located in either horizontal piping or
vertical piping if the normal flow is upward.

Relief valves should always be oriented with the bonnet
vertical (see Figure 6.2.2-3).

Large butterfly valves (36" and up) should have at least
8 diameters of straight pipe both upstream and downstream
(see Tigure 6.2.2-4). If this cannot be met, the
following giidelines should be used.

1. Adjacent to elbow, the valve shaft should be in the
plane of the elbow centerline.

2. Adjacent tou centrifugal pump discharge: with the pump
shaft vertical the valve shaft should be horizontal,
and with the pump snaft horizontal, the valve shaft
should bi vertical.

3. Adjacent to vertical lift pump, the valve shaft should
be vertical.

Control valves should have a 6" minimum spool piece to
allow for hanger attachment and/or inservice inspection
requirements between the reducer (if required) and valve
body . Note that this reducer does not viclate the
straight run regquiraments.

Gate valves, which are subject to temperatures in excess
of 200°F, 2% inches and laurger, should be oriented with
the wvalve stem horizontal or above to prevent
overpressurization of the valve dus to possible heat
expansion of entrapped fluid in the Lunnet cavity.

Valves should be oriented with the ponnet vertical to
prevent creation of ciud traps (See Pigure 6.2.2-5),

When locating valves, the orientation should allow for
required valve disassembly and reassembly activities (see
Figure 6.2.2-6) .

Operators

6.2.2.2:.3:3 Electrohydraulic

Electrohydraulic valves should be installed with the operator stem

vertical.
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FIGURE 6.2.2-4
Butterfiv Valve Configuration

Butterfly valves should have eight
pipe diameters of straight both
upstream and downstream of the valve.

8§ Pipe Diameters 8 Pipe Diameters

-1

BUTTERFLY VALVE
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g 4 L oo -

Valve Bonnet Orlentation

Valve bonnets create crud traps when
installed below the pipe centerline.
With the bonnet vertical, the valve is
better able to drain. This is
especially important in radwaste
systems,

NON-PREFERRED VATLVE ORIENTATION

DRAFT 6-23 July 28, 1992



DRAFT

SYSTEM 80+™ DESIGN CERTIFICATION
DISTRIBUTICN SYSTEMS DESIGN GUIDE

FIGURE 6.2.2-6
Non-preferred Bonnet Orientation

Valve reassembly is extremely difficult
with the bonnet facing downward. Valve
parts such as rings, seals, springs, and
sl~aves must be inserted in the valve

betore the bonnet and stem are inserted.

=

_ﬂ_

EXTREMELY DIFFICULT TO HOLD SMALL
PARTS IN PLACE DURING REASSEMBLY
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$.,3.2:.2.:.%:2 Electric Motor-Operated

Electric mot ~operated (EMO) valve cperators should be oriented
such that neither the motor nor limit switch housing is below
horizontal. 1If, duc to other restrictions, it is not possible to
meet these criteria, it may be necessary to rotate the operator on
the valve until these criteria are satisfied, unless shown to be
acceptable by the valve manufacturer,

6.2.2.2.3.3 Chain Wheel COperators

Valves t. be equipped with chain operators can be rotated to
horizontal unless specifically stated otherwise by the
manufacturer’s drawing, If a listing is not available which

identifies chain operated valves, the following guidelines can be
used to determine the possibility of a valve requiring a chain

operator.

A. The valve is operated on a routine basis (monthly or more
often) .

B. The valve is operated in the plant startup sequence.
C. The valve is operated in the plant shutdown sequence,

D. The valve is operated for emergency bypass and/or
isclation purposes.

6.2.2.2.3.4 Pneumatic Piston Operators

Valves equipped with pneumatic piston opsrators should be limited
to vertical orientations. Qrientations other than this will
severely reduce the operator life.

$.8:8:8.8 End Connections

Valve end connections should be selected considering removability,
welding, and belting access.

6.2.2.2.5 Manufacturer’s Instructions

Manufacturer’s instructions should «lso be considered, in addition
to these general routing guidelines.

6.2.2.3  Yalve lLocation Considerations
- Valve Arrangement
5% 5% o Wy WY | Line Valves

Generally, valves should not be located adjacent to fittings, (See
Figure 6.2.2-7), especially with corrosive fluids because of the
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turbulence produced at the fittings. Valve performance and life is
greatly increased by adding straight runs of pipe before and after
valves. Spool pieces Dbetween fittings and valves aid in
supportability. Optimum length spool pieces upstream and
downstream of the valve would be 4 pipe diameters.

$.2.2.3:.1.3 Butterfly Valves

Ideally, butterfly valves should have at least 8 pipe diameters of
straight pipe both upstream and downstream of the valve (see Tigure

6.2.2-4) .
$.2.2.3.1.3 Control Valves

Control valves should have at least 10 pipe diameters of straight
pipe upstream and 8 diameters downstream, for maximum pressure
recovery (see Figure 6.2.2-8). 1f these cannot be met, a minimum
of 4 pipe diameters upstream and downstream may bc used.

Where the minimum requirements of 4 pipe diameters upstream and
downstream cannot be achieved, piping should be rerouted to conform
to these requirements.

For high flashing flow situations, such as into a flash tank or
condenser, the control valve should be placed as close as possible
to the vessel with no directional changes after the valve.

6.2.2.3.2 Maintenance

The valve location can hinder maintenance witliout proper design
considerations. The following guidelines are applicable to all
valves, bu. 'irst consideration should be given to valves with
operators, switches, or other types of moving parts, or electric
controls which will be more likely to require maintenance.

$.2,2,3.8.1 Location Requirements

A. Fregquently operated valves should be more accessible than
infrequently operated valves. For the purposes of this
criteria, infrequently operated valves are listed below.
Ali others should be considered frequently operated
valves.

Drain Valves

Vent Valves

Equipment Isclaticn Valves

Pressure Test Valves

Local Sample Connection Isolation Valves
Teli-tales Isclation Valves

Relief Valves

R R P N
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FIGURE 6.2.2<7

FITTINGS PRODUCE TURBULENCFE IN THE FLOW AREA

Too much turbulence in valve
for proper function

Less turbulence in valve
for better performance
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FIGURE 6.2.2-8
Control valve Configuration

It is preferred to have teun pipe
diameters of straight pipe upstream
of the control valve and eight pipe
diameters downstream of the valve.
Placing control valves immediately
adjacent te fittings should be
avoided.

8 Pipe Diameters 10 Pipc Diameters

CONTROL VALVES
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B. Valves should not be located ncxt to walls where they are
not easily accessible.

C. Valves should be placed close to floors or operating
platforms to make them more accessible, but not in

maintenance access areas,
D. ‘Yalves should accommodate reach ri( . configurations.

$.2.2:,3.2.2 Removal Regquirements

A. Maintenance and Removal =~ For valve maintenance and
removal, manufarturer’s specifications should be reviewed
to determine if spe.ial tools are requirea. Space should
be provided for use of