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Integrity of Reactor Coolant Pressure Boundary

This section discusses the measures to provide and maintain the integrity of the reactor coolant
pressure boundary (RCPB) dering plant operation.  Section 50.2 of 10 CFR 50 defines the
reactor coolant pressure boundary as vessels, piping, pumps, and valves that are part of .the
reactor coolant system {RCS), or that are connected to the reactor coolant system up to and
including the following:

*  The outermost containment isolation valve in system piping that penetrales the
containment '

*  The second of two valves closed during normal operation in system piping that does not
penetrale containment

*  The reactor coolant system overpressure protection valves

The design transients used in the design and fatigue analysis of ASME Code Class [ and
Class CS components, supports, and redctor internals are provided in subsection 3.9.1. The
loading conditions, loading combinations, evaluation methods, and stress limits for design and
service conditions for components, core support structures, and component supports are dis-
cussed in subsection 3.9.3,

The term reactor coolant system, as used in this section, is defined in Section 5.1, The AP600
reactor coolant pressure boundary is consistent with that of 10 CFR 50.2.

Complance with Codes and Code Cases
Compliance with 16 CFR 50.55a

Reactor coalant pressurc boundary components are designed and fabricated in accordance
with thc ASME Boiler and Pressure Vessel Code, Section III. A portion of the chemical
and volume control system inside containment that s defined as reactor coolant pressure
boundary uses an alternate classification in conformance with the requirements of
10 CFR 50.55a(a}3). Svstems other than the reactor coolanl system connecting to the
chemical and volume control system have required isclation and are not classified as
reacior coolant pressure boundary.  The altemate classificaion is  discussed in
Section 5.2.1.3. The quality group classification for the reactor coolant pressure boundary
components is identified in subsection 3.2.2.  The quality group classification is used to
determine the appropriate sections of the ASME Code or other standards to be applicd to
the components.

The edition and addenda of the ASME Code applied in the design and manufacture of
each component are the edition and addenda established by the requirements of the Design
Certification. The use of editions and addenda issued subsequent to the Design
Cenification is perminted or required based on the provisions in the Design Cerntification.
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[The baseline used for the evaluations done 1o suppoet this safety analysis report and the
Design Certification is the 1989 Edition, 1989 Addenda, except as follows:

The criteria below are used in place of those im paragraph NB-3883.4(c)(!) and
Footnote 11 to Figures NC/IND-3873.2(b)-1 of the 1989 Addendn to the 1989 Edition . of
ASME Code, Section [Il.  This criteria is based on the criteria included in the 1989
Edition of the ASME Code, Section I,
For girth fillet welds berween the piping and socker welded fittings, valves and flanges,
and slip on flanges in ASME [II Ciass 1, 2, and 3 piping, the primary stress indices and
stress intensification factors are as follows:
Primary Stress Indices

B = 075

B, = L5

Stress Intensification Factor

H

i 2.1%1/C,), but not less than 1.3

C

4

fillet weld leg length based on ASME NI 1989 Edirion, Figures
NC/ND-4427-1, sketches (¢-1), (¢-2), and {c-3}. For unequal leg length, use
smaller leg length for C.)}*

Seismic Integrity of the CVS System Inside Containment

To provide for the seismic integrity and pressure boundary imtegrity of the non-safety
refated (B31.1, Piping Class D) CVS piping located inside containment and designated as
reactor coolant pressure boundary, a seismic analysis will be performed and a CVS
Seismie Analysis Report prepared with a faulted stress limit equal to the smaller of 4.5 §,
and 3.0 S, and based on the following additional criteria :

Additional loading combinations and stress limits for nonsafety-related ¢hemical and
volume control system piping systerms and components inside containment

*NRC Staff approval is required peiar 1 ienplementing a change: in this muera; see DCD ntrodustien Section 3.5.
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Eqguations
Condition  Loading Combination®™® {(ND3650) Stress Limit
Level D PMAX™ + DW + SSE + SSES 9 Smaller of
455, 0r3.085,
SSES : FoudAg” 1.0S,
TNU + SSES i (ML +MJZ? 308,

Notes:
1. For eanthquake loading, PMAX is equal to normal operating pressure at 100% power.

2. Where: M1 is range of moments for TNU, M2 is one half the range of SSES
maments,
M1 + M2 is Jarger of M1 plus onc half the range of SSES, or full range of
SSES.

3. See Table 3.9-3 for description of loads.
4. F,, is amplitude of axial force for SSES; A, is nominal pipe metal area.

Component suppornts, equipment, and structural steel frame are evaluated to demonstrate
that they do not fail under seismic loads. Design methods and seress criteria are the same
as for comespounding Scismic Category 1 components. The functionality of the chemical
and volume control system docs not have to be maintained to insure structural integrity of
the components.

Fabrication, examination, inspection, and testing requirements as defined in Chapters IV,
V, VI, and VII of the ASME B31.] Code are applicable and used for the B31.1 (Piping
Class D) CVS piping systems, valves, and equipment inside containment.

8212 Applicable Code Cases

ASME Code Cases used in the APO00 are listed in Table 5.2-3. In addition, other ASME
Code Cases found in Regulatory Guides 1.84 and 1.85, as discussed in Section 1.8, in
effect at the time of the Desipn Certification may be used for pressure boundary
components. Use of Code Cases approved in revisions of the Regulatory Guides issued
subsequent to the Design Certification may be used by the Combined License applicam
using the process outlined above for updanng the ASME. Code editton and addenda. Use
of any Code Case not approved in Regulatory Guides 1.84 and 1.85 on Class |
components is authorized as provided in 50.55a(a}(3) and the requirements of the Design
Certification.

The use of any Code Case conditionally approved in Regulatory Guides 1.84 and 1.85
used on Class | components meets the conditions established in the Regulatory Guide.
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Alternate Classification

The Code of Federal Regulations, Section 10 CFR 50.55a requires the reactor coolumt
pressure boundary be class A (ASME Boiler and Pressure Vessel Code Secdon I, Class
1). Components which are connected to the reactor coalamt pressure houndary that can be
isolazed from the reactor coolant system by two valves in series (both closed, both open, or
ohe closed and the other open) with automatic actuation to close can be classified as class
C (ASME Section TII, class 3) according to $0.55a.

A portion of the chemical and volume contro! system inside containment is not classified
as safety related. The classification of the AP600 reactor coolant pressure boundary
deviates from the requirement that the reactor coolant pressure boundary be classified as
safety related and be comstructed using the ASME Code, Section Il as provided n
10 CFR 50.55a. The safeiy-related classification of the AP600 reactor coclant pressure
boundary ends at the third isolation valve between the reactor coolant system and the
chemical and volume control systcrn.  The nonsafety-related portion of the chemical and
volume control system inside containment provides purification of the reactor coolant and
includes heat exchangers, demineralizers, filters and connecting piping. For a description
of the chemical and volume control system, refer to subsection 9.3.6. The portion of the
chemical and volume control sysiem berween the inside and outside containment isolation
valves is classified as Class B and is constructed using the ASME Code, Section IIL

The nonsafety-related portion of the chemical and volume control system is designed using
ANSI B31.1 and ASME Code, Section VIII for the construction of the piping, valves, and
components. The nonsafety-relsted portion of the CVS inside containment is analyzed
scismically. The methods and criteria used for the seismic analysis are similar to those
used of seismic Category II pipe and are defined in the subsection 5.2.1.1. The chemical
and volume control systemn components are located inside the containment which is a
seismic Category I structure.

The aliernate classification of the nonsafety-related punfication subsystems satisfies the
purpase of 10 CFR 50.35a that structures, systems, and components of nucleasr power
plants which are imponant 1o safety be designed. fabricated, erected, and tested o quality
standards that reflect the impontance of the safety functions to be performed.

The APG0O chemical and volume control system is nat required o perform safety-related
functions such as emergency boration or reactor coolant makeup. Sufety-related core
makeup tanks are capable of providing sufficient reactor coolant makeup for shutdown and
cooldown without mekeup supplied by the chemical and volume control system. Safe
shutdown of the reactor does not require use of the chemical and volume control system
makeup. AP600 safe shuidown is discussed in Section 7.4.

The isolation valves between the teactor coolant systern and the chemical and volume
control system are active safety-related valves that are designed, qualified, inspected and
tested for the isolation requirements. The isolation valves bertween the reactor coolant
system and chemical and volume control system are designed and qualified for design
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conditions that include ¢losing against blowdown flow with full system differential
pressure,  These valves are qualified for adverse seismic and environmental conditions.
The valves are subjeci to inservice testing including operability testing.

The potential for release of activiry from a break or leak in the chemical and volume
control system i5 minimized by the location of the punfication subsystem iastde
containment and the design and test of the isolation valves. Chemical and volume control
system leakage inside containment is detectable by the reactor control leak detection
function as potential reactor coolant pressure boundary leakage. This leakage must be
identified before the reactor coolant leak limit is reached  The nonsafery-related
classification of the system does not impact the need to identify the source of a leak inside
containment.

Overpressure Protection

Reactor coolant system and steam system overpressure protection during power operation
are provided by the pressurizer safety valves and the steam generator safety wvalves, in
conjunction with the actdon of the reactor prowecton system. Combinations of these
systems provide compliance with the overpressure protection requircments of the ASME
Boiler and Pressure Vessel Code, Section IIl, Paragraphs NB-7300 and NC-7300, for
pressurized water reactor Systems.

Low temperature overpressure protection is provided by a relief valve in the suction line of
the normal residusl hear removal (RNS) system.  The sizing and use of the relief valve for
low temperature overprossurc protection is consistent with the guidelines of Branch
Technical Position RSB 5-2.

Design Bases

Overpressure protection duting power operation is provided for the reactor coolant system
by the pressunizer safety valves. This prowection is afforded for the following events to
envelope those credible evemts that could lead to overpressure of the reactor coolant
system if adequate overpressure protection were Tkt provided:

Loss of electrical load andfor turbine trip
Uncontrolled rod withdrawal at power

Loss of reactor coolant flow

Loss of normal feedwater

Loss of offsite power 1o the station auxilianies

e & & ¢ @

The sizing of the pressurizer safety valves is based on the analysis of a complete loss of
stearn flow to the turbine, with the reactor operating at 102 percent of rated power. In this
analysis, feedwater flow is also assumed to be lost. No credit is taken for operation of the
pressurizer level control system, pressurizer spray system, rod control system, steam dump
system, or steamline power-operated relief valves. The reactor is maintained at full power
(no credit for direct reactor tip on wrbine trip and for reactivity feedback effects), and
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steam reliel through the steam penermtor safery valves is considered.  The rotal pressurizer
safety valve capacity is required to be at least as large as the maximuom surge rate into the
pressurizer during this transient.

This sizing procedure results in a safety valve capacity well in excess of the capacity
requited to prevent exceeding 110 percent of system design pressure for the cvents
previously listed. The discharge of the safety valve is routed through a rupture disk to
containment atmosphere.  The rupture disk is to contain leakage past the valve. The
rupture disk pressure rating is substantially less than the set pressure of the safety valve.
See subsection 5.4.11 for additional information on the safety valve discharge system.
Subsection 5.4.5 describes the connection of the safery valves 1o the pressurizer.

Administrative controls and plant procedures aid in controlling reactor coolant system
pressure during low-temperature operation.  Normal plant operating procedurss maximize
the use of a stcam or gas bubble in the pressurizer duning periods of low pressure, low-
temperature operation. For those low-temperature modes of operation when operation with
a water solid pressurizer is possible, a relief valve in the residual heat removal systzm
provides low-temperature overpressure protection for the reactor coolant system. The
valve is sized to prevent overpressure during the following credible events with a water-
solid pressorizer:

s Makeup/ledown flow mismatch
« Inadvertent actuation of the pressunzer heaters

+ Loss of residual heat removal with reactor coolant system heatup due to decay heat
and pump heat

* Inadverient start of one reactor coolant pomp
+ Inadvertert hydrogen addition

Of those events the makeup/letdown flow mismatch is the limiting mass input conditon.
Inadvertent start of an inactive reactor coolant pump is the limiting heat input condition o
stze the relief valve. The flow rate postulated for mass input condition is based on the
flow from two makeup pumps at the set pressure of the relief valve. The heat input
condition is based on a 30-degree twemperature difference between the reactor coolant
system and the steam geaerator secondary side.

The set pressure for the pormal residual heat removal system relief valve is established
based on the lower value of the normal residual heat removal system design pressure and
the Jow.temperature pressure limit for the reactor vessel based on ASME Code,
Section III. Appendix G, analyses. The pressure-temperatore limits for the reactor vessel,
based on expected material properties and the vessel design, are discussed in
subsection 5.3.3.
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The capacity of the resideal heat removal relief valve can rpaintain the pressure in the
reactor coolant system and the residual heat removal system to a pressure less than the
lesser of 110 percent of the design pressure of the normal residual heat removal systerm ot
the pressure limit from the Appendix G analyses for the limiting event.

Overpressure protection for the steam system is provided by steam generator safety valves.
The capacity of the steam system safety valves limits steam system pressute to less than
110 percent of the steam generator shell side design pressure. See Section 10.3 for details.

Section 10.3 discusses the steam generator relief valves and connecting piping.
Design Evaluation

The relief capacities of the pressurizer safety valves, steam generator safety valves, and the
normal residual heat removal system relief valve are determined from the postulated
overpressure transient conditions in conjuncticn with the action of the reactor protection
system. An overpressure protection report is prepared according to Article NB-7300 of
Section IH of the ASME Code. WCAP-7907 (Reference 1) describes the analytical model
used in the analysis of the averpressure protection systesn and the basis Tor its validity.

Chapter 15 includes a design description of cenain initiating events and describes
assumptions made, method of analysis, conclusions, and the predicted response of the
APG0U to those cvents.  The performance characteristics of the pressurizer safety valves is
included in the analysis of the response. The incidents evaluated include postulated
accidents not included in the compilation of credible events used for valve sizing purposes.

Subsection 3.4.9 discusses the capacities of the pressunizer safety valves and residual heat
removal system relief valve used for low temperature overpressure protection.  The
setpoints and reactor trip signals which occur during operational overpressure transients are
discussed in subsection 5.4.5. The sct pressure For the relief valve in the normal residual
heat removal system is based on 8 sizing analysis performed to prevent the reactor coolant
system pressure from exceeding the applicable reactor vessel pressure-temperature (P/T)
limits (subsecton 5.3.3). The limiting mass and energy input transients are assumed for
the sizing analysis. Results of this are presented in WCAP-14837 (Reference 7).

Piping and Instrumentation Diagrams

The connection of the pressurizer safety valves to the pressurizer is incorporated into the
pressurizer safety and relief valve module and is discussed in subsection 54.9. The
pressurizer safety and relief valve module confipuration appcars in the piping and
instrumentation drawing for the reactor coolant system (Figure 5.1-5). The normal
residual heal removal system (subsection 5.4.7) incorporates the relief valve for low-
temperature overpressure protection.  The valves which isolate the normal residual heat
removal system from the reactor coolant system do not have an autoclosure interlock.
Figure 5.4.6 shows a simplified sketch of the nonmal residual heat removal system. Figure
3.4-7 shows the piping and instrumentation drawing for the residual heat removal system.
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Section 10.3 discusses the safety valves for the main stieam system. Figure 10.3.2-1 shows
the piping and instrumentation drawing for the main steam system,

Equipment and Component Description

Subsection 5.4.9 discusses the design and design parameters for the safety valves providing
aperating and low-ternperature overpressure protection.  The pressurizer safety valves are
ASME Boiler and Pressure Vessel Code Class 1 components. These valves are tested and
analyzed using the design transicnts, loading conditions, seismic considerations, and stress
limits for Class 1 components as described in subsections 3.9.1, 3.9.2, and 3.9.3.

The relief valve included in the normal residual heat removal system provides containment
boundary function since it is connected to the piping between the containment isolation
valves for the system. Containment isolation requirements are discussed in
subscction 6.2,3. Based on the containment boundary function, the relief valve is a ASME
Cuade Class 2 component and is analyzed to the appropriate requirements.

In addition to the testing and analysis required for ASME Code requirements, the pressur-
izer safety valves are of a type which has been verified w operate during normal operation,
anticipated transients, and postulated accident conditions. The verification program (Refer-
ence 2} was established by the Electric Power Rescarch Institute to address the require-
ments of 10 CFR 50.34 (N(2)x). These requirements do not apply to relief valves of the
size and type represented by the relief valve on the normal residual heat removal system.

Section 10.3, discusses the equipment and components that provide the main steam system
overpressure protection.

Mounting of Pressure Relief Devices

Subscction 5.4.9 describes the design and installation of the pressure relief devices for the
reactor coolant system. Section 3.9 describes the design basis for the assumed loads for the
primary- and secondary-side pressure relief devices. Subsection 10.3.2, discusses the main
steam safety valves and the power-operated atmosphenic steam relief valves.

Applicable Codes and Classification

The requirements of the ASME Boiler and Pressure Vessel Code, Section Ill, Paragraphs
NB-7300 (Overpressure Protection Report) and NC-7300 (Overpressure  Protection
Analysis), are met,

Piping, valves, and associated equipment used for overpressurc protection are classified
according to the classification system discussed in subsection 3.2.2. These safety-class
designations are delincated in Table 3.2-3.
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5.2.3.1

Material Specifications

See subsection 5.2.3 for the material specifications for the pressurizer safety valves. The
piping in the pressurizer safety and relief valve module up to the safety valve is considered
reactor coolant system. See subsection 5.2.3 for materal specifications. The discharge
piping is austenitic stainless steel. Subsection 5.4.7 specifies the materials wsed in the
normal residual heat removal system.

Process Instrumentation

Each pressurizer safety valve discharge line incorporates a main control room temperature
indicator and alarm to notify the operator of stcam discharge due to either leakage or
actual valve operation.

System Reliability

ASME Cods safety valves and relief valves have demonstrated a high degree of reliability
over many years of service. The in-service inspection and testing required of safery valves
and relief valves (subsections 3.5.6 and 54.8 and Section 6.6) provides assurance of
continued reliability and conformance to sctpoints.  The assessment of veliability,
availability, and maintainability which is done to evaloate the estimated availability for the
AP600 includes estimates for the conmtribution of safety wvalves and reliel wvalves 1o
unavailability. These estimates were based on experience for opcrating units,

Testing and Inspection

Subsections 3.9.6 and 5.4.8 and Section 6.6 discuss the preservice and in-service testing
and inspection reguired for the safety valves and relief valves. The testing and inspection
requirements arc in conformance with industry standards, including Section XI of the
ASME Code.

Reactor Coolant Pressure Boundary Materials
Materlals Specifications

Table 5.2-1 lists material specifications used for the principal pressure-retaining
applications in Class 1 primary components and reactor coolant system piping.  Material
specifications with grades, classes or types are included for the reactor vessel components,
steam generator components, reactor coolant pump, pressurizer, core makeup tank, and the
passive residual heat removal heat exchanger. Table 5.2-1 lists the application of nickel-
chromium-iron alloys in the reactor coolant pressure boundary, The use of nickel-
chromivm-iron alloy in the reactor coolant pressure boundary is limited to Alloy 690
Alloy 600 may be used for cladding or buttering.  Steam generator tubes use Alloy 690 in
the thermally treated form.  Nickel-chrormium-iron alloys are used where cormrosion
resistance of the alloy is an importamt consideration and where the use of nickel-
chromium-iron alloy is the choice because of the coefficient of thermal expansion.
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Subscction 54.3 defines reactor coolant piping. Scc  subscction 4.5.2  for material
specifications used for the core support structures and reactor intemnals. See appropriate
sections for intermmals of other components. Engincered safeguards features matenials are
included in subsection 6.1.1. The nonsafety-refated pottion of the chemical and volume
control system inside containment in contact with reactor coolant is constructed of or ¢lad
with corrosion resistant material such as Type 304 or Type 316 stainless stcel or material
with equivalent corrosion resistance. The materials are compatible with the reactor
coolant. The nonsafety-related portion of the chemical and volume control system is not
required o conforms the process to requirements outlined below.

Table 5.2-1 material specifications areé the materials used in the AP600 reactor coolant
pressure boundary. The materials used in the reactor coolant pressure boundary conform
to the applicable ASME Code rules. Cast austenitic stainfess ste¢] does not ¢xcoed 3
ferrite content of 30 FN.

The welding materials used for joining the ferritic base materials of the reactor coolant
pressure boundary conform to or are equivalent 1o ASME Material Specifications SFA 5.1,
52,55 5.17,5.18, and 5.20. They are gualified to the requirements of the ASME Code,
Section 111,

The welding matcrials used for joining the austenitic stainless steel base materials of the
reactor coolant pressure boundary conform o ASME Material Specifications SFA 5.4 and
5.9. They are qualified to the requirements of the ASME Code, Section I

. The welding materials used for joining nickelchromium-iron alloy in similar base material

combination and in dissimilar ferritic or austenitic base materjal combination conform to
ASME Material Specifications SFA 5.11 and 5.14. They are qualified to the requirements
of the ASME Code, Section II1I.

Compatibility with Reactor Coolant
Chemistry of Reactor Coolant

The reactor coolant system chemistry specifications conform 1o the recommendation of
Regulatory Guide 1.44 and are shown in Table §.2-2.

The reactor coolant system water chemistry is selected to minimize corrosion. Routinely
scheduled analyses of the coolant chemical composition are performed to verify that the
reactor coolant chemistry meets the specifications. Other additions, such as those 10
reduce activity transport and deposition, may be sddéd to the system.

The chemical and volume control system (CVS) provides a means for adding chemicals to
the reactor coolant system. The chemicals perform the following functions:
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+  (Control the pH of the coolant during prestartup testing and subsequent operation
¢ Scavenge oxygen from the coolant during heatup

» Control radiolysis reactions involving hydrogen, oxygen, and nitrogen during power
operations following startup

Table 5.2-2 shows the normal limits for chemical additives and reactar coolant impurities
for power operation.

The pH contol chemical js lithivm hydroxide monohydrate, enriched in the lithium-7
isotope to 99.9 percent. This chemical is chosen for its compatibility with the materials
and water chemistry of borated water/stainless steel/zirconiumMmickel-chromium-iron
systems. In zddition, lithium-7 is produced in solution. from the neutron imadiation of the
dissolved boron in the coolant. The lithium-7 hydroxide is intreduced into the reactor
coolant system via the charging flow. The concentration of lithitm-7 hydroxide in the
reactar coolant System is mamntained in the range specified for pH control.

During reactor startup from the cold condition, hydrazine is used as an oxygen-scavenging
agent. The bydrazine sclution is introduced into the reactor coolant system in the same
manner as described for the pH control agent.

The reactor cootant is treated with dissolved hydrogen to control the net decomposition of
water by radiolysis in the core region. The hydrogen reacts with oxygen introduced into
the reactor coolant system by the radiolysis effect of radiarion on molecules. Hydrogen
makeup is supplied to the reactor coolant system by direct injection of high pressure
gaseous hydrogen, which can be adjusted to provide the comect equilibrium hydrogen
concentration.  Subsection 1.9.1 indicates the degrec of conformance with Regulatory
Guide 1.44, “Control of the Use of Sensitized Stainless Steel.”

Boron, in the chemical form of boric acid, is added to the reactor coolant system for long-
tenm reactivity control of the core.

Suspended solid (comosion product particulates) and other impurity concentrations are
maintained below specified limits by controlling the chemical quality of makeup water and
chemical additives and by purification of the reactor coolant through the chemical and
volume control system,

Compatibility of Construction Materials with Reactor Coolant

Femritic low-alloy and carbon steels used in principal pressure-retaining applications have
corrosion-resistant cladding on surfaces ¢xposed to the reactor coolant. The corrosion
resistance of the cladding material is at least equivalent to the cormrosion resistance of
Types 304 and 316 austenitic stainless steel alloys or nickel<hromium-iron  alloy,
martensitic stajnless steel, and precipitation-hardened stainless steel. These clad marterials
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mayv be subjected to the ASME Code-required postweld heat weatment for ferritic base
materials,

Ferritic Jow-alloy and carbon stecl nozzles have safe ends of either stainless sieel-wrought
materials, stainless steel-weld metal analysis A-8, or nickel-chromium-iron alloy-weld
metal F-Number 43. The latter buttering materal requires further safe ending with
austenitic stainless steel base material after complefion of the postweld heat treatment
when the nozzle is larger then a 4-inch nominal inside diameter and/or the wall thickness
s greater than 0.531 inch.

Austenitic stainless stee) and nickel-chromium-iron alloy basc matcrials with primary pres-
surg-retaining  applications are used in the solution-annealed or thermally treated
conditions. These heat treatments are as required by the material specifications.

During later fabrications, these materials are not heated above BXPF other than locally by
welding operations. The solution-annealed surge line material s subsequently formed by
hot-bending followed by a resolution-annealing heat treatment.

Components using stainless stee! sensitized in the manner expected during component
fabrication and installation operate satisfactorily under normal plant chemistry conditions
in pressurized water reactor (PWR) systems because chlorides, fluorides, and oxygen are
controlled to very low levels. Subsection 1.9.1 indicates the degree of conformance with
Regulatory Geide 1.44, "Control of the Use of Sensitized Stainless Steel.”

Hardfacing material in contact with reactor coolant is primarily a qualified low or zero
cobalt alloy equivalent to Stellite-6. The use of cobalt base alloy is minimized. Low or
zero cobalt alloys uscd for hardfacing or other applications where cobalt alloys have been
previcusly used are qualified using wear and corrosion tests.  The cotrosion tests qualify
the corosion resistance of the alloy in reactor coolant. Cobalt free wear resistant alloys
considered for this application include those developed and qualified in nuclear industry

programs.
Compatibility with External Insulation and Environmental Atmosphere

In general, materials that arc used in principal pressure-retaining applications and are
subject to elevated temperature during system operation are in comtact with thermal
insulation that covers their outer surfaces.

The thermal insulation used on the reactor coolant pressure boundary is cither reflective
stainless steel-type, fibrous insulation cnclosed in staindess sieel cans, or made of
compeunded materials that yield low leachable chlonde and/or flucride concentrations.

The compounded materials in the form of blocks, boards, cloths, tapes, adhesives, cements,
etc, are silicated to provide protection of austenitic stainless steels against stress corrosion
that may result from accidenta! wetting of the insulation by spillage, minor leakage. or
othcr contamination from the environmental atmosphere. Subsection 1.9.1 indicates the
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degree of conformance with Repulatory Guide 1.36, “Nonmetallic Thermal Insulation for
Auwstenitic Stainless Stecl.”

In the event of coolamt leakage, the ferritic materialy will show increased general corrosion
rates. Where minor leakage is considered possible based on service experience (such as
valve packing, pump seals, etc), only materials compatible with the coolant are used.
Table 5.2-1 shows examples. Ferritic materials exposed to coolant leakage can be readily
observed as pant of the inservice visual andfor nondestructive inspection program to
confirm the integrity of the component for subsequent service.

Fabrication and Processing of Ferritic Materials
Fracture Toughness

The fracture toughness properties of the reactor coolant pressure boundary components
rmeet the requirements of the ASME Code, Section III, Subarticle NB-2300. Those
portions of the reactor coolant pressure boundary that meet the requirements of ASME
Code, Section I, Class 2 per the criterds of 10 CFR 50.55a, meet the fracture woughness
requirements of the ASME Code, Section IT1, Subarticle NC-2300. The fracture taughness
properties of the reactor coolant pressure boundary components also meet the requirements
of Appendix G of 10 CFR 30,

The fracture toughness propemties of the reactor vessel materials are discussed in
Section 5.3,

Limiting steam generator and pressurizer reference temperatores for a nid ductlity
transition (RT.py) temperatures are guaranteed at 10°F for the base malerials and the
weldments.

These materials meet the 50-foot-pound absorbed energy and 35-mils lateral expansion
requirements of the ASME Code, Section I0I, at 70°F.  The actual results of these tests
are provided in the ASME material data reports which are supplied for each component
and submitted to the owner at the time of shipment of the component.

Teinperature instruments and Charpy impact test machines are calibrated to meet the
requirements of the ASME Code, Section III. Paragraph NB-2360.

Westinghouse has conducted o test program lo determine the fracture toughness of low-
alloy ferritic materials with specified minimum yield strengths greater than 50,000 psi to
demonstrate compliance with Appendix G of the ASME Code, Section III. In this
program, fracture toughness properties were determined and shown to be adequate for base
metal plates and forgings, weld metal, and heat-affected zone metal for higher-strength
ferritic matcrials used for components of the teactor coclant pressure boundary.
WCAP-9292 (Reference 3) documents the program results,

Tier 2 Materisl - Reactor Coolant System and Connected Systems Page 5.2-13



AP500

Design Control Document

52332

5.2.34

5.234.1

Control of Welding

Welding is conducted using procedures qualified according to the rules of Sections III and
IX of the ASME Code. Controt of welding variables (as well as examination and testing)
during procedure qualification and production welding is performed sccording to ASME
Code requirements.

The practices for storing and handling welding electrodes and fluxes comply with ASME
Code, Scction 111, Paragraph NB-2400,

Subsection 1.9.1 indicates the degree of conformance of the ferritic materials components
of the reactor coolant pressure boundary with Regulatory Guides 1.31, "Control of Ferrite
Content in Stainless Steel Welds”; 1.34, "Control of Electivslag Weld Propertics™; 1.43,
"Control of Stainless Steel Welkd Cladding of Low-Alloy Steel Components™ 1.50,
"Control of Preheat Temperature for Welding of Low-Alloy Steel”; and 1.71, "Welder
Qualification for Areas of Limited Accessibility.”

Fabrication and Processing of Austenitic Stainless Steel

Subsections 5.2.3.4.1 throngh 3.2.3.4.5 address Regulawry Guide 1.44, "Control of the Use
of Sensitized Suainless Steel,” and present the methods and controls to avoid sensitization
and to prevent intergranular attack (IGA) of austenitic stainless stcel components.  Also,
subscction 1.9.] indicates the degree of conformance with Regulatory Guide 1.44.

Cleaning and Contamination Protection Procedures

Austenitic stainless steel materials wsed in the fabrication, installation, and testing of
nuclear steam supply components and systems are handled, protected, stored, and cleaned
according to recognized, accepted methods designed to minimize contamination that could
lead to swress corrosion cracking. The procedures covering these controls are stipulated in
process specifications. Tools vsed in abrasive work operations on austenitic stainless steel,
such as grinding or wire brushing, do not contain and are not contaminated with ferrite
carbon steel or other matenals that could contribute 1o intergranular cracking or stress-
corrosian cracking.

These process specifications supplement the equipment specifications and purchase order
requirements of every individual austenitic stainless stee] component or sysiem procured
for the AP600, regardless of the ASME Code classification,

The process specifications define these requirements and follow the guidance of ASME
NQA-2.

Subsection 1.9.1 indicates the degree of conformance of the austenitic stainless steel
components of the reactor coolant pressure boundary with Reguiatory Guide 1,37, "Quality
Assurance Requirements for Cleaning of Fluid Systems and Associated Components of
Water-Cooled Nuclear Power Plants.”
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Solution Heat Treatment Requirements

The sustenitic stainless steels listed in Tables 5.2-1 are used in the final heat-treated
condition required by the respective ASME Code, Section II, materials <pcc:ﬁcanon for the

particular type or grade of alloy.
Material Testing Program

Austenitic stainless steel materiais of product forms with simple shapes need not be
corrosion-tested provided that the solution heal treatment is followed by water quenching.
Simple shapes are defined as plates, sheets, bars, pipe, and tubes, as well as forgings,
fitings, and other shaped products that do not have inaccessible cavities or chambers that
would preclude rapid cooling when water-quenched. This charactenzation of cavitics or
chambers as inaccessible is in relaton to the entry of water during quenching and i5 not a
determination of the component accessibility for inservice inspection.

When testing is required, the tests are performed according to a pracess specification
following the guidelines of ASTM A 262, Praclice A of E. :

Prevention of Intergranular Attack of Unstabilized Austenitic Stainless Steels

Unstabilized stainless steels can be subject to intergranular attack if the stecls are
sensitized, if cenain specics are present, such as chlorides and oxygen, and if they arc
exposed to a stressed condition. In the reactor coolant system, reliance is placed on the
elimination or avoidance of these conditions. This is accomplished by the following:

» Contro} of primary water chemistry to provide a benign environment

*  Use of materidls in the final heat-treated condition and the prohibition of subsequent
heat trearments from 800°F o 1500°F

« Control of welding processes and procedures to avoid heat-affected zone sensitization

+ Confirmation that the welding procedures vsed for the manufacture of components in
the pnmary pressure boundary and the reactor intermmals do not resull in the
sensitization of heat-affected zones

Further information on each of these steps is provided in the following paragraphs.

The water chemistry in the reactor coolant system is controlled to prevent the intrusion of
sggressive elements.  In particular, the maximum permissible oxygen and chloride
concentrations arc 0.005 ppm and 0.15 ppm, respectively.  Table 5.2-2 lists the
recommended reactor coplant water chemistry specifications.
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The precautions taken to prevent the intrusion of chlondes into the system during
fabrication, shipping, and storage are stipulated in the appropriate process specificatons.
The use of hydrogen overpressure precludes the presence of oxygen during operation.

The effectiveness of these controls has been demonstrated by both laboratory tests and
operating experience. The long-term exposure of severely sensitized stainless steels o
reactor coolant environments in early Westinghouse pressunized water reactors has not
resulied in any sign of intergranular attack. WCAP-7477 (Reference 4) describes the
laboratory experimental findings and reactor operating experience. The additonal years of
operations since Reference 4 was issued have provided further confirmation of the earlier
conclusions that severely sensitized stainless steels do not undergo any intergranular amack
in Westinghouse pressurized water reactor coolant environments.

Although there is no evidence thar pressurized water reactor coolant water attacks
sensitized stainléss steels, it is good metallurgical practice to avoid the use of scnsitized
stamless steels in the reactor coolant system components.

Accordingly, measures are taken to prohibit the use of sensitized stainless stesls and to
prevent sensitization during component fabrication. The wrought austenitic stainless steel
stock used in the seactor coolant pressure boundary is used in one of the following
conditions:

*  Solution-annealed and water-quenched

*  Solution-annealed and cooled through the sensitization temperawre raﬁgc within less
than about § minutes

Westinghouse has venfied that these practices will prevent sensitization by performing
corrosion tests on wrought material as it was received.

The heat-affected zones of welded components must, of necessity, be heated ino the
sensitization temperature range (B00°F to 1500°F). However, severe sensitization (that is,
continuous grain boundary precipitates of chromium carbide, with adjacent chromium
depletion) can be avoided by controlling welding parameters and welding processes. The
heat input and associated cooling rate through the carbide precipitation ranpe are of
primary importance. Westinghouse has demonstrated this by conusion-testing a number of
weldments.

The heat input in austenitic pressure boundary weldments is controlled by the following:
* Limiting the maximum intcrpass temperature to 350°F

» Exercising approval rights on welding procedures
¢ Requirng qualification of processes
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Temperatores
If during the course of fabrication, steel is inadvertently exposed to the sensitization
temperature range, the material may be tested according to a process specification,
following the guidelines of ASTM A 262, to verify that it is not susceptible to
intergranular antack. Testing is not required for the following:
o Cast metal or weld metal with a ferrite content of 5 percent or more
»  Material with a carban contzat of 0.03 percent or less
*  Material exposed to special processing, provided the following:
. Processing is properly controlled to develop a uniform product
. Adequate documentation exists of service experience and/or test data to
demonstrate that the processing will not result in increased susceptibility to
intergranular attack
If such matenal is not venfied to be not susceptible o intergranular attack, the matenial is
resolution- annealed and water-quenched or rejected.
5234.6 Controf of Welding

The following paragraphs address Regulatory Guide 1.31, “Control of Ferrite Content in
Staintess Stee] Weld Metal.” They present the methods used, and the verification of these
methods, for austenitic staintess steal welding.

The welding of austenitic stainless steel is controlled w mitigate the occurrence of
micrefissuring, or hot cracking, in the weld.

Also, it has been well documented that delta fesrite is one of the mechanisms for reducing
the susceptibility of stainless steel welds to hot cracking. The minimum delta ferrite level
balow which the material will be prone to hot cracking lies between 0 and 3 percent delta
fermte,

The following paragraphs discuss welding processes used to join stainless steel pats in
components designed, fabricsted, or stamped according to the ASME Code, Section I,
Classes | and 2, and corc support components. Delta ferrite control is appropriate for the
preceding welding requirements, except where no filler metal is used or where such control
is not applicable, such as the following: electron beam welding; autogenous gas shiclded
tungsten arc welding; explosive welding:, welding using fully austenitic welding materials

The fabrication and installation specifications require welding procedures and welder
qualification according to Section [I1 of the ASME Code. They also include the dela
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ferrite determinations for the austenitic stainless steel welding materials vsed for welding
qualification testing and for production processing.

Specifically, the undiluted weld deposits of the "starting” welding materials must contain at
least S percent delta ferrite. (The equivalent ferrite number may be substituted for percent
delta ferrite)  This is determined by chemical analysis and calcolation using the
appropriate  weld metal constitution diagrams tn Section III of the ASME Code or
magnetic measurement by calibrated instruments.

When new welding procedure qualification tests are evaluated for these applications,
including repair welding of raw materials, they are performed according to the
requiretnents of Sections [ and IX of the ASME Code.

The results of the destructive and nondestructive 1ests are recorded in the procedure
qualification record, in addition te the information required by Section III of the
ASME Code.

The welding materials used for fabrication and installation welds of austenitic stainless
steel materials and componcnts meet the requirements of Section III of the ASME Code.
For applications using austenitic stainless steel welding material, the material conforms to
ASME weld metal analysis A-8, Type 308, 308L, 316, or 316L.

Bare weld filler metal, including consumable insents, used in inert gas welding processes
conforms to ASME SFA 3.9. The metal is procured (o contain not less than 5 FN or more
than 13 PN delta ferrite sccording to Section I of the ASME Code, Weld filler metal
materials uscd in flox-shiclded welding processes conform o ASME SFA 54 or 59
They are procured in a wire-flux combination to be capable of providing not lcss than §
FN or more than 13 FN delta ferrite in the deposit, according to Section Il of the ASME
Code.

Welding materials are tested using the welding energy inputs employed in production
welding,

Combinations of approved heats and lots of welding materials are used for welding
processes. The welding quality assurance program includes identification and control of
welding material by lots and heats as appropriate. Weld processing is monitored according
to approved inspection programs that include review of materials. qualificaion records,
and welding parameters. Welding systems are also subject to the following:

» Quality assurance audit, including calibration of gauges and instruments

* Identification of welding materials

*  Welder and procedure qualifications

¢ Avulability and use of approved welding and heat~-treating procedures
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¢ Documentary evidence of compliance with matenals, welding parameters, and
inspection requirements

Fabrication and installation welds are inspected using nondestructive examination methoeds
according to Section TIT of the ASME Cade rules.

To verify the reliability of these controls, Westinghouse has completed a delta ferrite
verification program, described in WCAP-8324-A (Reference 53). This program has been
approved as a valid approach to verify the Westinghouse hypothesis and is considered an
acceptadble alternative for conformance with the NRC Interim Position on Regulatory
Guide 1.31. The regulatory staff's acceptance letter and topical report evaluation were
received on December 30, 1974, The program results, which support the hypathesis
presented in WCAP-8324-A (Reference 5), are summarized in WCAP-8693 (Reference 6).

Subsection 1.9.1 indicates the degree of conformance of the austenitic Stainless stesl
components of thc wactor coolant pressere boundary with Regulatory Guides 1.34,
"Control of Electroslag Weld Properties,” and 1.71, “Welder Qualification for Arcas of
Limited Accessibility.”

Control of Cold Work in Austenitic Stainless Steels

The use of cold worked austenitic stainless steels is limited 0 s$mall parts including pins
and fasteners where proven altematives are not available and where cold worked material
has been used successfully in similar applications. Cold work control of austenitic
stainless stecls in pressure boundary applications is provided by limitng the hardness of
austenitic stainless steel raw material and comtrolling the hardness dunng fabrication by
process control of bending, cold forming, straightening or other sirnilar operation.
Grinding of material in contact with reactor coolant is controlled by procedures. Ground
surfaces are finished with successively finer grit sizes to remove the bulk of cold worked
material.

Threaded Fastener Lubricants

The lubricants to be used on threaded fasteners which maintain pressure boundary integrity
in the reactor coolant and related systems and in the steam, feed. and condensate systems,
threaded fasteners used inside those systems: and threaded fasteners used in component
structural support for those systems are specified in the design specification. Field selection
of thread lubricants is not permitted. The thread lubricants are selected based on
experience and test data which show them to be effective, but not to cause or accelerare
cortrosion of the fastencr. Where leak sealants arc used on threaded fasteners or canm be in
contact with the fastener in service, their selection is based on satisfactory experience or
test data. Selection considers possible adverse interaction betwesn scalants and lubncants.
Lubricants containing molybdenum suiphide are prohibited.
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S5.24.1

5.2.4.2

Inservice Inspection and Testing of Class 1 Components

Preservice and inservice inspection and testing of ASME Code Class 1 pressure-retaining
components (including vessels, piping, pumps, valves, bolling, and supporis) within the
reactor coolant pressure houndary are performed in accondance with Section X1 of the
ASME Code including addenda according to 10 CFR 30.53a{g). This includes all ASME
Code Section XI mandatory appendices.

The specific edition and addenda of the Code used to determine the requirements for the
inspection and testing plan for the initial and subsequent inspection intervals is to be
delineated in the inspection program. The Code includes requirements for systemn pressure
tests and functional tests for active components. The requirements for svstem pressure
ests are defined in Section XI, IWA-5000. These tests venify the pressure boundary
integrity in conjunction with inservice inspection. Section 6.6 discusses Classes 2 and 3
component examinations.

Subsection 3.9.6 discusses the in-service functional testing of valves for operational
readiness. Since none of the pumps in the APS00 are required to pesform an active safety
function, the operational readiness test program for pumps is controlied administrarively.

In conformance with ASME Code and NRC requirements, the preparation of inspection
and testing programs is the responsibility of the combined license applicant of each
AP600. A preservice inspection program (nondestructive cxamination) and a preservice
test program for valves for the APS00 will be developed and submitted to the NRC. The
in-service inspection program and in-service test program will be submitted to the NRC by
the combined license applicant. These programs will comply with applicable in-service
inspection provisions of 10 CFR 30.53a(2).

The preservice programs provide details of areas subject to examination, as well as the
method and extent of preservice examinations. In-service programs dewil the arcas subject
to cxamination and the method, extent, and frequency of examinations. Additionally,
companent supports and sonbber testing requirements are included in the inspection
programs.

.System Boundary Subject to Inspection

ASME Code Class 1 componems (including vessels, piping, purnps, valves, bolting, and
supponts) arc designated AP600 cquipment Class A (see subsection 3.2.2). Class 1
pressurc-retaining components and their specific boundaries are included in the equipment
designation list and the line designation list. Both of these lists are contained in the

inspection programs.
Arrangement and Inspectability

ASME Code Class | componenis are designed so that access is provided in the installed
condition for visual, surface and volumetric examinations specified by the bascline ASME

Tier 2 Material - Reactor Covolant System and Connecfed Systems Page 5.2-20



AP600

Design Contro! Document

Cade Section X1 (1989 Edition, 1989 Addenda) and mandatory appendices. See
subsection 5.2.1.1 for a discussion of the baseline ASME Code Edition and Addenda.
Design provisions, in accordance with Section X1, Anticle TWA-1500, are incorporated in
the design processes for Class 1 components,

The AP&0O design activity includes a design for inspectability program. The goal of this
program is lo provide for the inspectability access and conformance of component design
with available inspection equipment and techniques.  Factors such as examination
requirements, examination tcchniques. accessibility, component geometry and material
selection are used in evaluating componeat designs. Examination requirements and
examination techniques are defined by inservice inspection personne). Inservice inspection
review as pant of the design process provides component designs that conform to
inspection requirements and establishes recommendations for enhanced inspections.

Considerable expericnee s stilized in designing, Jocating, and supporting pressure-retaining
components to permit preservice and in-service inspection required by Section XT of the
ASME Code. Factors such as examination requirements, examination techniques,
accessibility, component geometry, and material selections aid in establishing the designs.
The inspection design goals are o eliminste uninspectable compoments, reduce occupa-
tional radiation exposure, reduce inspections times, allow state-of-the-ant inspection system,
and enhance flaw detection and the relisbility of flaw charactesization.

As onc cxample of component geometry that reduces inspection requirements, the neacior
pressure vessel has no longitudinal welds requiring in-service inspection. No Quality
Group A {ASME Code Class 1) components reguire in-service inspection during reactor
operation.

Removable insulation and shielding are provided on those piping systems requining
volumetric and surface examination. Removable hangers and pipe whip restraints are
provided as necessary and practical to facilitate inservice inspection. Working platforms
are provided in areas requiring inspection and servicing of pumps and valves. Permanent
or temporary working platforms, scaffolding, and Jadders facilitate access to piping and
component welds, The components and welds requiring in-service ingpection allow for the
application of the required in-service inspection methods. Such design features include
sufficient clearances for personnel and equipment, maximized examination surface
distances, two-sided access, favorable materials, weld-joint simplicity, elimination of
geometrical interferences, and proper weld sorface preparation.

Somc of the ASME Class 1 components are included in modules fabricated offsite and
shipped to the site, (See subsection 3.9.1.5.) The modules arc designed and engineered to
provide access for in-service inspection and maintenance activitics. The attention to detail
engineered into the modules before construction provides the accessibility for inspection
and maintenance.  Relief from Section XI requirements should not be required for Clags
1 pressure retaining components in the AP600. Furture unanticipated changes in the ASME
Code, Section XI requirements could, however, necessitate relief requests. Relief from the
inspection sequirements of ASME Code, Section X1 will be rcquested when fill
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5.24.5

compliance is not practical according to the requirements of 10 CFR 50.55a(g)(5)(iv). In
such cases, specific information will be provided which identifies the applicable Code
requirements, justification for the relief request, and the inspection method to be used as
an altermative.

Space is provided to handle and store insulation, structural members, shielding, and other
materials related to the inspection. Suitable hoists and other handling equipment, lighting,
and sources of power for inspection equipment are installed. The integrated head package
provides for access to inspect the reactor vessel head and the weld of the contral rod drive
mechanisms to the reactor vessel head. Closure studs, nuts, and washers are removed w0 a
dry location for direct inspection.

Examination Techniques and Procedures

The visual, surface, and volumetric examination techniques and procedures agree with the

requirements of Subanicle IWA-2200 and Table IWB-2500-1 of the ASME Code,

Section X1. Qualification of the ultrasonic inspection equipment, personnel and procedures
is in compliance with Appendix VII of the ASME Code, Section XI. The liguid penetrant
method or the magnetic particle method is used for surface examinations. Radiography,
ultrasonic, or eddy current wchniques (manual or remok) are used for volumetric
examinatons.

The reactor vessel 1s designed so that the reactor pressure vessel (RPY) inspections can be
performed primarily from the vessel internal surfaces. These inspections can be done
remotely using existing imspection tool designs to minimize occupational radiation
exposure and to facilitate the inspections. Access is also available for the application of
inspection techniques from the outside of the complete reactor pressure vessel. Reactor
pressure vessel welds are examined to meet the requirements of Regulatory Guide 1,150 as
defined in subsection 1.9.1.

Inspection Intervals

Inspection intervals are established as defined in Subarticles TWA-2400 and TWB-24(X) of
The ASME Code, Section XI. The interval may be extended by as much as one year so
that inspections are concurreni with plant outages. Tt is intended that in-service
examinations be performed doring normal plant outages such as refueling shutdowns or
maintenance shutdowns ocearring during the mspection interval.

Examination Categories and Requirements
The examination categories and requiremenss are  established according 1o

Subarticle IWB-2500 and Table TWB.2500-1 of the ASME Code, Section XI. The
preservice examinations comply with TWB-2200.
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Evaluation of Examination Results

Examination results are evalpated according to JWA-3000 and TWB.3000, with flaw
indications according to TWB-3400 and Table TWB-3410-1. Repair procedures, if required,
are according to IWB-4000 of the ASME Code, Section X1,

System Leakage and Hydrostatic Pressure Tests

System pressure tests comply with TWA-3000 and IWB-5000 of the ASME Code,
Section X1. These system pressure tests are included in the design transients defined in
Subsection 3.9.1. This subsection discusses the transients included in the evalvation of
fangue of Class { components due to cyclic loads.

Detection of Leakage Through Reactor Coclant Pressure Boundary

The reactor coolant pressure boundary (RCPB) leakage detection monitoring provides a
means of detecting and o the extent practical, idemifving the source and quantifying the
reactor coolant leakage. The detection monitors petform the detection and monitoring
function in conformance with the requirements of General Design Cnteria 2 and 30 and
the recommendations of Regulatory Guide 1,45 Leakage detection monitoring 15 also
maintained in support of the use of leak-before-break criteria for high-emergy pipe in
containment. See subsection 3.6.3 for the application of leak-before-break criteria.

Leakage detection monitoring is accomplished using instrumentation and other components
of several systems. Diverse measurement methods including level. flow, and radioactivity
measurements are used for leak detection. The equipment classification for each of the
systems and  components wsed for leak detection is  generally determined by the
requirements and functions of the system in which i 13 located. There i3 no requirement
that leak detection and monitoring components be safety-related.  Sce Figure 5.2-1 for the
leak detection approach. The descriptions of the instrumentation and components used for
leak detection and monitoring include information on the system.

To satisfy position 1 of Regulatory Guide 1.45, reactor coolant pressure boundary leakage
is classified as either identified or unidentified leakage. Identified leakage includes:

» Jecakage from closed systems such as reactor vessel seal or valve leaks that arc
captured and conducted to a collecting tank

s Leakage into auxiliary systems and secondary systems (intersystem leakage) (This
leakapge 15 not considered to be part of the 10 gpm limit identified leakape i the bases
of the wehnical specification 3.4.8. This additional leakage must be considered in the
evaluation of the reactor ¢coolant inventory balance.)

Orther leakage is unidentified lcakage.
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Collection and Monitoring of Identified Leakage

Identified leakage other than intersystem leakage is collected in the reactor coolant drain
tank. The reactor coolant drain tank is a closed tank located in the reactor cavity in the
containment. The tank vent is piped to the gaseous radwaste system to prevent release of
radicactive gas to the coatainment atmosphere. For positions 1 and 7 of Regulatory
Guide 1.45, the liquid level io the reactor coolant drain tank and 1tal flow pumped out of
the reactor coolant drain tapk are used to calcolate the identified leakage rate.  The
identified leakage rate is awtomatically calculated by the plant computer. A leak as small
as 0.1 gpm can be detected in one hour. The design Jeak of 10 gpm will be delected in
less than a minute. These parameters are available in the main control room. The reactor
coolant drain tank, pumps, and sensors are part of the liquid radwaste system. The
following sections outline the various sources of ‘identified leakage other than intersystem
leakage.

Valve Stem Leakoff Collection
Valve stem leakoff connections are not provided in the AP600.
Reactor Head Seal

The reactor vessel flange and head flange are sealed by two concentric seals. Seal leakage
is detected by two leak-off connections: one berween the inner and outer seal, and one
outside the outer seal. These lines are combined in a header before being routed (o the
reactor coolant drain tank. Am isolation valve is installed in the common line. Dunng
normal plant operation, the keak-off valves are aligned so that leakage across the inner seal
drains to the reactor coolant drain tank.

A surface-mounted resistance temperature detector installed on the bottom of the common
reactor vessel seal leak pipe provides an indication and high temperature alarm signal in
the main contred room indicating the possibility of a reactor pressure vessel head seal leak.
The temperature detector and drain line downstream of the isolation valve are part of the
liquid radwaste system.

The reactor coolant pump closure flange is sealed with a welded canopy seal and does not
require leak-off collection provisions.

Leakage from other flanges is discussed in subsection 5.2.5.3, Collection and Monitoring
of Unidentificd Loakage. :

Pressurizer Safety Relief and Auiomatic Depressurization Valves
Temperature is sensed downstream of each pressorizer safety relief valve and each

awtomatic depressurization valve mounted on the pressurizer by a resistance temperature
detector on the discharge piping just downstream of each valve. High temperature

‘indications (alarms in the main control room) identify a reductdon of coolant inventory as a
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result of zeat leakage through one of the valves. These detectors are pant of the reactor
coolant system. This leakage is drained to the reactor coolant drain tank during normal
plant operation and vented to containment atmosphere or the in-contsinment refucling
water storage tank during accident conditions. This identifiad leakage is measured by the
change in level of the reactor coolant drain tank. .

Othier Leakage Sources

In the course of plant operation, various minor leaks of the reactor coolant pressure
boundary may bt detected by operating personnel.  If these leaks can be subsequently
observed, quantified, and routed to the containment sump, this leakage will be considered
identified leakage.

Intersystem Leakage Detection

Substantial intersystern lcakage from the reactor coolamt pressurc boundary to other
systems is pot expected. However, possible leakage points across passive barriers or valves
and their detection methods are considered. In accordance with position 4 of Regulatory
Guidc 1.45, auxiliary systems connected to the reactor coolant pressure boundary
incorporate design and administrative provisions that limit leakage, Leakage is detected by
increasing auxiliary system level, temperature, flow. or pressure, by lifting the relief valves
or increasing the values of monitored radianon in the auxiliary system.

The normal residual heat removal system and the chemical and volume conual system,
which are connected to the reactor coolunt system, have potential for leakage past closed
valves. For additional information on the control of rcactor coolant leakage into these
systemns, see subsections 5.4.7 and 9.36 and the intersystem LOCA discussion in
subsection 1.9.5.1,

Steam Generator Tubes
An important potential identified leakage path for reactor coolant is through the steam
generator tubes imto the secondary side of the steam generator. Identificd icakage from the

steam gencrator primary side is detected by one, or a combination, of the following:

* High condenser air removal discharge radioactivity, as monitored and alarmed by the
turbine island vent discharge radiation monitor

¢ Steam generator secondary side radioactivity, as monitored and alarmed by the steam
generator blowdown radiation monitor

* Sccondary side radicactivity, as monitored and alarmed by the main stcam line
radiation monitors

¢ Radioactivity, boric acid. or conductivity in condensate as indicated by laboratory
analysis
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Details on the radiation monitors are provided in Section 11.5, Radiation Monitoring.
Component Cooling Water System

Leakage from the reactor coolant system to the component cooling water system. is
detected by the component cooling water system radiation monitor, by increasing surge
tank level, by high flow downstream of selected components, or by some combination of
the preceding.  Refer to Section 11.5, Radiatjon Monitoring, and subsection 9.2.3,
Component Cooling Water Systemn.

Passive Residual Heat Removal Heat Exchanger Tubes

A potential identified leakage path for reactor coolant is through the passive residual heat
removal heat exchanger into the in-containment refueling water storage tank. Identified
feakage from the passive residual heat removal heat exchanger wbes is detected as follows:

« High temperature in the passive residual heat removal heat exchanger. as monitored
and alzrmed by temperature detectars in the heat exchanger inlst and outlet piping,
alerts the operators to potcntial leakage. The location of these instruments is selected
to provide early indication of leakage considering the potential for thermal
stratification. The alarm setpoint is selected to provide early indication of lcakage.

¢« The operator then closes the passive residual heat removal heat exchanger inlet
isolation valve and observes the pressure indication inside the passive residual heat
removal heat exchanger. If pressure remaing al reactor coolant system pressure, then
tube leakage is not present, and the high passive residual heat removal heat exchanger
temperature is indicative of leakage through the outlet isolation valves.

* If the operitor observes a reduction in pressure, then passive residual heat removal
heat exchanger tube leakage is present. The operator then observes the change in the
reactor coolant system tnventory balance when the pagsive residual heat removal heat
exchanger inlet isolation valve is closed. The difference in the réactor coolant systetn
Ieakage when the isolation valve is closed identifies the passive residual heat removal
heat exchanger tube leakage rate.

Coliection ané Monitoring of Unidentified Leakage

Position 3 of Regulator Gaide 1[.45 identifies three diverse methods of detecting
unidentified leakage. AP600 use two of these three and adds a third method. To datect
unidentified leakage inside containment, the following diverse methods may be utilized w
quantify and assist in locating the Jeakage:

* Containment Sump Level
+  Reactor Coolant System Inventory Balance
« Containment Atmosphere Radiation
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Other methods that can be employed to supplement the above methods include:

+ Containment Atmospherc Pressure, Tcmperature‘ and Humidity
v Visual Inspection

The reactor coolant systern is an all-welded system, except for the connections on the
pressurizer safety valves, reactor vessel head, pressurizer and steam generator manways,
and reactor vessel head vent, which are flanged. During notmal operation, variations in
airbome radioactivity, containment pressure, emperature, or specific humidity above the
normal leve] signify a possible increasc in unidentified lcakage rates and alent the plant
operators that corrective action may be required. Similarly, increases in containment sump
level signifv an increase in unidentified leakage. The following sections outline the
methods used to collect and monitor unidentified leakage.

Containment Sump Level Monitor

In conformance with position 2 of Regulatory Guide 1.45, leakage from thé reactor coolant
pressure boundary and other components not otherwise identified inside the containment
will condense and flow by gravity via the floor drains and other drains to the containment
sump.

A leak in the primary system would result in reactor coolant flowing into the containment
sump. Leakage is indicated by an increase in the sump level  The containment sump
level is monitored by two seismic Category 1 level sensors, in aceordance with position 6
of Regulatory Guide 1.45. The level sensors wre powered from a safety-related Class 1E
electrical source. These sensors remain functional when subjected w0 a safe shurdown
earthquake in conformance with the guidance in Regulatory Guide 1.45. The containment
sump level and sump total flow sensors located on the discharge of the sump pump are
part of the liquid radwaste system.

Failure of one of the level sensors will stll allow the calculation of a 0.5 gpm in-leakage
rate within § hour. The data display and processing system (DDS) computes the leakage
rate and the plant conuol system (PLS) provides an alarm in the main control room if the
average change in leak rate for any given measurement period cxceeds 0.5 gpm for
unidentified teakage. The minimum detectable leak is 0.03 gpm. Unidentified leakage is
the total Jeakage minus the identified leakage. The leakage rate algorithm subtracts the
identificd lcakage directed to the sump.

To satisy positions 2 and 5 of Regulatory Guide 1.45, the measurement interval must be
long enough to permit the measurement loop to adequately detect the increase in level that
would correspond to 0.5 gpm leak rate, and yet short enough to ensure that such a leak
rate is detected within an hour. The measurement interval is Tess than or equal to 1 hour.

When the sump level increases to the high level setpoint, one of the sump pumps
avtomatically starts to pump the accumulated liquid 1o the waste holdup tanks in the liquid
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radwaste system. The sump discharge flow is integrated and available for display in the
control room. in accordance with position 7 of Regulatory Guide 145,
Procedures to identify the lcakage source upon a change in the unidentificd leakage rate
into the sump include the following: '
+ Check for changes in containment atmosphere radiation menitor indications,
¢ Check for changes in conminment humidity, pressure, and tzmperature,
+ Check makeup rate to the reactor coolant system for abnormal increases,
+  Check for changes in water levels and other parameters in systems which could leak
water into the containment, and
¢ Review records for maintenance operations which may have discharged water into the
containment.
52.53.2 Reactor Coolant System Inventory Balance

Reactor coolant system inventory monitoring provides an indication of system leakage.
Net level change in the pressurizer is indicative of system [cakage. Monitoring net
makeup from the chemical and volume control sysiem and net collected leakage provides
an important method of obtaining information to establish a water inventory balance. An
abnormal increase in omakeup water regoirements or a significant change in the water
inventory balance can indicate increased system leakage.

The rcactor coolant system invenkwy balance is a guantitative inventory or mass balance
calculation. This approach allows detcrmination of both the type and magnitude of
leakage. Steady-state opcration is rcquired to perform a proper inventory balance
calculation. Steady-state is defined as stable reactor coolant system pressure, temperature,
power level. pressurizer Jevel, and reactor coolant drain tank and in-containment refueling
water storage tank levels. The reactor coolant inventory balance is dane on a periodic
basis and when other indication and detection methods indicate a change in the leak rate.
The minimum detectable leak is 0.13 gpm.

The mass balance involves isolating the reactor coolant system to the extent possible and
observing the change in inventory which occurs over a known time period. This involves
isolating the systems connected to the reactor coolant system. System inventory i3
determined by observing the level in the pressurizer. Compensation is provided for
changes in plamt conditions which affect water density. The change in the inventory
determines the 101al reactor coolant system leak rate. Identified Jeakages are monitored
{using the reactor coolant drain tank) to calculate a leakage rate and by monitoring the
wntersystem leakage. The unidentified lcakage mate is then calculated by subtracting the
identified leakage rate from the total reactor coolant system leakage rate.
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Since the pressurizer inventory is controlled during normal plant operation through the
level control system, the level in the pressurizer will be reasonably constant even if
leakage exists. The mass contained in the pressurizer may fluctuate sufficiently, however,
to have a significant effect on the calculated leak rate. The pressurizer mass calculation
includes both the steam and water mass contributions.

Changes in the reactor coolant system mass inventory are a result of changes in liquid
density. Liquid density is a strong function of temperature and a lesser function of
pressure. A range of temperatures exists throughout the reactor coolant system all of
which may vary over ime. A simplified. but acceptably accurate, model for determining
mass changes is to assume all of the reactor coolant system 15 &b Ty,poy,-

The inventory balance calculation is done by the data display and processing system with
additional input from sensors in the protection and safety monitoring system, chemical and
volume contro] system, and liquid radwaste system. The use of components and sensors in
svstems required for plant operation provides conformance with the regulatory guidance of
position 6 in Regulatory Guide 1.45 that leak detection should be provided following
seismic events that do not require plant shutdewn.

Contzinment Atmosphere Radioactivity Monitor

Leakage from the reactor coolant pressure boundary will result in an imcrease in the
radicactvity levels inside containment. The containment atmosphere is cottinuously
monitored for aitbome gaseous radioactivity, Air flow through the monitor is provided by
the suction created by a vacuum pump. Gaseous and N,/F|; concentration monitors
indicate radiation concentrations in the containment atmosphere.

N;; and Fyp mre neotron activation products which are proportional 1o power levels.  An
increase in activity inside containment would therefore indicate 3 leakage from the reactor
coolant pressure boundary. Based on the concentration of N,/F,; and thc power level,
reactor coolant pressure boundary leakage can be estimated.

The N, J/F,, monitoring system will detect a 0.5 gpm leak when the reactor is operating at a
power range lugher than 20 percent,  The N/F,, monitor is seismic Category L
Conformance with the position 6 guidance of Regulatory Guide 1.45 that leak detection
should be provided following seismic evemts that do not require plant shutdown is
provided by the seismic Category 1 classification. Safety-related Class 1E power is not
required since loss of power to the radiation monitor is not consistent with continuing
operation following an earthquake.

At Rl power, the mihimum detectable leak is 0082 gpm when the radionuclide
concentration in comainment reaches equilibriume. The N,J/F); monitor can detect a 0.5
gpm leak when the plant is above 20 percent power and the concentration of radiogas in-
containment is at equiltibrivm.
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Radioactivity concentration indication and alarms for loss of sample flow, high radiation,
and loss of indication are provided. Sample collection connections permit sample
collection for laboratory analysis. The radiation monitor can be calibrated duning power
operation.

Containment Pressure, Temperatorve and Humidity Monitors

Reactor coolant pressure boundary leakage increases containment pressure, temperature,
and humidity, valees available to the operator through the plant control system.

An increase in comainment pressure is an indication of increased leakage or a high energy
line break.  Containment pressere is monitored by redundant Class 1E pressure
transmitters. For additional discussion see subsection 6.2.2, Passive Containment Cooling
System.

The comanment average tecmperature is monitored using tcmperature instrumentation at
the inlet to the containment fan cooler as an indication of increased leakage or a high
energy line break. This instrumentation as well as temperature instruments within specific
areas including steam generatar areas, pressurizer area, and containment compartments are
part of the containment recirculation cooling system.

An increase in the containment average temperature combined with an increase in
countrinment pressure indicare increased leakage or a high energy line break.  The
individual compartment area temperatures can assist in identifying the location of the leak.

Containment humidity is monitored using temperature-compensated humidity detectors
which determine the water-vapor content of the containment atmosphere.  An increase in
the containment atmosphere bumidity indicates release of water wvapor within the
containment. The containment humidity monitors are pant of the containment leak rate test
system.

The humidity monitors supplement the containment sump level monitors and arc most
sensitive under conditions when there is no condensation. A rapid increase of humidity
over the ambient value by more than 10 percent is indication of a probable leak.

Containment pressure, temperature and humidity can assist in identifying and localing a
feak. They arc not relicd on to quantify a leak.

Safety Evaluation

Leak detection monitoring has no safety-related function. Therefore, the single failure
criterion does not apply and there is no requirement for a nuclear safety evaluation. The
containment sump level monitors and the containment atmosphere monitor are seismic
Category 1. The components vsed o caleulate reactor coolant system inventory balance
arc both safety-related and nonsafety-related components. The containment sump level
moniors are powered from the Class 1E dc and UPS system (IDS). Measurement signals
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are processed by the dai display and processing system and the plant control

systemn (PLS).

Tests and Inspections

To satisfy position & of Regulatory Guide 1.45, periodic testing of leakage detection
monitors verifies the operability and sensitivity of detector equipment, - These wests include
installation calibrations and alignments, periodic channel calibrations, functional tests, and

channel checks in conformance with regelatory guidance.

Instrumentation Applications

The parameters tabulated below satisfy position 7 of Regulatory Guide 1.45 and are
provided in the main control room 1o allow operating personnel 1o monitor for indications
of reactor coolant pressure boundary leakage. The containment sump level, containment

atmosphere radioactivity, reactor coolant system inventory balance, and the flow
measurements are provided as gallon per minute leakage equivalent,

Alarm or
Parameter System(s) Indication
Containment sump level and sump total flow WLS Both
Reactor coolant drain tank level and drain tank totsl  WLS Both
flow
Containment atmosphere rasiio&ct::vity PSS Both
Reactor coolant system inventory balance parameters PCS, PXS, RCS.  Both

VCS, WLS

Containment humidity vUsS Indication
Containment atmospheric pressure PCS Bath
Containment atmosphere temperature vCSs Bath
Reactor vessel head seal leak temperature. WwLS Bath
Pressurizer safety relief valve leakage temperature RCS Both
Steam generator blowdown radiation BDS Both
Turbine island vent discharge radiation DS Baoth
Component cooling water radiation CCS Both
Main steam line radiation 5GS8 Bath
Component cooling water surge tank Jevel ccs Both
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Technical Specification

Limits which satisfy position 9 of Regulatory Guide 1.45 for identified and unidentified
reactor coolant leakage are identified in the technical specifications, Chapter 16, LCO 3.4.8
addresses leakage limits, LCO 3.4.10 addresses leak detection instrument requirements.

Combined License Information Items
ASME Code and Addenda

The Combined License applicant will address in its applicarion the portions of later ASME
Code editions and addenda to be used to construct components that will require NRC staff
review and approval. The Combined License applicant will address consistency of the
design with the construction practices (including inspection and examination methods) of
the later ASME Code edition and addenda added as part of the Combined License
application. The Combined License applicant will address the addition of ASME cnde
cases approved subsequent 10 design certification.

Plant Specific Inspection Program

The Combined License applicant will provide a plant-specific preservice inspection and
inservice inspection program. ‘The program will address reference 1o the edition and
addenda of the ASME Code Section X1 uscd for selecting components subject ©
examination, a description of the components exempt from examination by the applicable
code, and drawings or other descriptive information used for the cxamination.
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Table 5.2-1 (Sheet { of 4}

REACTOR COOLANT PRESSURE BOUNDARY MATERIALS SPECIFICATIONS

Compotent

Reactor Vessel Components

Head plates {other than core region)
Shell courses

Sheil, flange, and nozzle forgings
Nozzle safe ends

Appurtenances to the control rod drive
mechanism (CRDM)

Instrumentation tube appurtenances, upper head
Closure studs

Monitor tubes and vent pipe

Cladding and buttering

Material

SA-533 or SA-508
SA-508
8A-508
SA-182
SB-167 or SA-182

SB-167 or SA-182, SA312,
SAXTG

SA-540

SA-312 or SA-3%6 or
SB-166, SB-167

SFA 5.4,59,5.11, and 5.14

Class, Grade, or Type

GRB,CLlorCL3
CL 3

CL3

F316LN

TP69) or FAMLN,
F316LN

TPGI0 or F3D4LN,
F316LN

GR B23 or GR B24,
CL3

TP304LN, TP316LN o
TP&30

3081, 309L, ENiCrFe-7,
ERNiCrFe-7, or
ERNIiCr-3

Tier 2 Material - Reactor Cooiant System and Connected Systerns

Page 5.2-34



APB00 Design Control Document

Table 5.2-1 {Sheet 2 of 4)

REACTOR COOLANT PRESSURE BOUNDARY MATERIALS SPECIFICATIONS
Component Material Class, Grade, or Type

Stcam Generator Compobents

Pressure plares SA-333 GR B, CL 1

Pressure forgings {including nozzles and tube SA-508 CL 3a

sheet}

Nozele safe ends SA-182 F316LN

Channel heads SA-308 CL 3a

Tubes $B-163 TPOOTT

Cladding and butiering SFA 54, 3.9, 5.11, and 5.1¢  308L., 309L, ENiCrFe-7,
ERNiCrFe-7, or
ERNiCr-3

Minway studs/nuts SA-193, SA-194 GR B7

Pressurizer Components

Presqure plates $A-533 GRB,CL1I

Pressure forgings SA-508 CL3

Nozzle safe ends Sa-182 F316LN

Cladding and buttering SFA 5.4,5.9.5.11, and 5,14 308L. 309L. ENiCrke-7,
ERNiCrFe-7, or
ERNiCr-3

Manway studs/nuts SA-193, SA-194 . GRB?
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REACTOR COOLANT PRESSURE BOUNDARY MATERIALS SPRCIFICATIONS
Component Mautertial Class, Grade, or Type

Reactor Coolant Pump

Pressure forgings SA-182 or SA-336 F304LN, F316LN
Pressure casting SA-351 or SA-352 CF3a

Tube and pipe SA-213; SA-376 or SA-312  TP304LN, TP3I6LN
Pressure plates SA-240 304LN. 316LN
Closure bolting SA-193 or SA-54Q GR B7 or GR B24.CL 4
Reactor Coclant Piping

Reactor coolant pipe SA-376 TP304LN, TP3I6LN
Reactor conlant fitings, branch noezles SA-3176, SA-182 TP3D4LN, TPII6LN
Surge line SA-376 © TP3D4LN, TP3I6LN
RCP piping other than loop and surge line SA-312 and SA-376 TP30ALN, TP316LN
CRDM .

Latch housing SA-336 ~ F304LN, F314LN
Rod travel housing $A-336 F304LN, F316LN
Welding materials SFA 54 0059 308L., 3091,
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REACTOR COOLANT PRESSURE BOUNDARY MATERIALS SPECIFICATIONS
Compogent Material Class, Grade, or Type
Valves
Bodies SA. 182 or SA-351 FIKLN, F316LN or
' CF3A

Bonsels SA-1B2.5A-240 or SA-351 F304LN, F316LN,
IMLN, 316LN or CF3A

Discs SA-182, SA-564 or SA-351  FIMLN, F316L.N or
GR 630 or CF3A

Sterns SA-479 or SA.564 F316, F36LN or
GR 630

Pressure reétaining bolung
Pressure retuining nuts
Core Makeup Tank

Pressure plates

Pressore forgings

Cladding and buttering

Passive Residnal Hest Removal Heat
" Exchanger

Pressure plates
Pressure forgings

Cladding and bunering

Tualing

SA-453 or SA-564
SA-453 or SA-194

SA.533 or SA-240

5A-508 or SA-182, SA-336
SFA 54,59 511, and 5.14

SA-240)
S5A-336
SFA 54,59 5.11, and 5.14

SA-376, 5A-213

GR 660 or GR 630
GR 6 or TP41D

GR B, CL 1 or 304L.
304LN, 316L, 316LN

CL 3 or F304L, F316L

308L, 3091, ENiCyFe-7,
ERNiCyFe-7. or
ERNICr-3

3041, 304N
F304L, F34LN

. 308L, 300L., ENiCrFe-7,

ERNICrFe-7. or
ERNICr-3

TP3IC4LN, TPIIGLN
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Table 5.2-2

REACTOR COOLANT WATER CHEMISTRY SPECIFICATIONS

Electrical conductivity .. .. ... .. ... ... ..., Determined by the concentration of boric acid and alkali
present. Expected range is <1 to 40 pmhos/cn at 25°C. -

Solwdon pH .. . ... ... e Determined by the concenration of boric acid and alkali
present. '

Expected values range between 4.2 (high boric acid
conceniration) and 10.5 {low boric acid concentration) at
25°C,  Values will be 50 or greater a1 normal operating

wmperanres.

Oxygunwl ...................... e e e e ... Q.1 ppm, maximum
Chloride™ .. ... ...... .. S 0.15 ppm. maximum
Flueride™ ... .. e e 0.15 ppm. masimum
HYQOOREN .« v et e e e 25 10 50 cm® (STPVkg H,0
Suspendedsolidsm..............‘,‘.u.,‘..,.”.‘.\...‘H., ce s s 0.2 ppm. maximum
pH control agenmt (LJ"JO[»)}M ................................... Lithium ts coordinated with boron

per fuel warranty coatract.
Boricacid . .. ... ... e Vanable from O to 4000 ppm as boron
SICE e e 1.0 ppm. maximum
ALRINBE. . e e 0.05 ppm, maximum
Calciumm + MAgnesium . .. ... L.l J 0.05 ppm, maximum
Magncsiumm..,...‘.........‘,...,.,..,.._ ........................ 0.025 ppm. maximum

See noes on following page
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Delered

Oxygen concentrstion must be conuolled to less than O] ppm in the reactor coolant by scsvenging with
hydraziac prior to plamt operation shove 200°F. During power operation with the specified hydrogen
concentration maintained in the coolant, the residual oxygen concentration will not exceed 0.005 ppm.

Halogen concentrations tiust be maintained below the specified values regandless of svstem temperature,

Hydrogen must be maimtained i the reactor coolant for plant operations with nuclear power above 1 MW,
The normal operating range should be 30-40 em® (STP) Hykg H,O.

Solids concentration determined by filtration through filter having (£.45-um pore size.

The specified lithium concentrations must be established for startup westing prior o heawp beyond 150°F,
During cold hydrostatic testing and hot functional testing in the absence of boric acid, the reactor coolant
timits for lithsum hydroxide must be maintained 1o inhibit halogen stress corrosion cracking.

These himits are incleded in the table of reactor coolant specifications as recommended swndands for
monitoring coolam purity. Eswblishing coolant purity within the limits shown for these species Is judped
desirable wath the currem data base w0 minimize fuel ¢lad crud depositon, which affects the corrosion
resistance and heat transter of the clad.
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Table 5.2-3
ASME CODES CASES

Caode Case

Number Title

N-4-11 Special Type 403 Modified Forgings or Bars, Section ITI. Division 1, Class | and Class CS.

N-20-3 SB-163 Nickel-Chromium-Iron Tubing (Alloys 600 and 620 and Nickel-Iron-Chromium Alloy
800 at a Specified Minimum Yield Strength of 40.0 kst and Cold Worked Alloy 800 av Yield
Seength of 47.0 ksi, Section HiI, Division 1, Class 1.

N-60)-5 Material for Core Support Structures, Section 111, Division 1. ™

N-T1-15 Additional Material for Subsection NF, Class 1. 2, 3 and MC Component Supporns Fabricated
by Welding, Section I Division |

N-122-2 Stress Indices for integral Structural Attachments Section I, Division 1, Class 1

N-249.1% Addidonal Marerials for Subsection NF, Class 1, 2, 3, and MC Supports Fabricaled Without
Welding, Section 11, Division 1 ™

N.284% Metzl containment Shell Buckling Dssign Methods, Section I, Division I Class MC

N-318-4 Procedure for Evaluation of the Design of Rectangular Cross Section Attachments on Class 2 or
3 Piping Section 11, Division

N-319-1 Alternate Procedure for Evalvation of Sgesses in But Welding Elbows in Class 1 Piping
Section I, Division 1

N-3¢1-1 Procedure for Evaluation of the Design of Hollow Circular Cross Secuon Welded Arachments
on Class | Piping Section Ifl, Division |

N-393%-2 Provedure for valuation of the Design of Hollow Circular Cross Section Welded Attachments
on Class 2 and 3 Piping Section [H], Division 1 ©

N-474-2 Design Stress Intensities and Yicld Strength Values for UNSO6690 With a Minimum Yicld
Strength of 33 ksi, Class 1| Components, Secaon I, Division 1.

2142 F-Number Grouping for Ni-Cr-Fe, Classification UNS NO6O32 Filier Metal, Section IX.

2143 F-Number Grouping for Ni-Cr-Fe, Classification UNS WE5152 Welding Electrode, Section IX.

(a) Use of this code case will meet the conditions for Code Case N-60-4 in Rep. Guide 1.85 Rewsion 30.

(b} Use of this code case will meet the conditions for Code Case N-249-10 in Reg. Guide 1.85 Revigion 30.

(¢} Use of this code case will meet the conditions for Code Case N-392-1 in Reg. Guide 1.84 Revision 30

(d) Criteria and methods used for evaluating of containment buckling conditions that are not included in
Revision 0 of Code Case N-284 are provided in subsection 3.8.2,
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Figure 5.2-]

Leak Detection Approach
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