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ABSTRACT

This final safety evaluation report documents the technical review of the AP1000 standard
nuclear reactor design by the U.S. Nuclear Regulatory Commission (NRC). Westinghouse
Electric Company submitted the application for the AP1000 design on March 28, 2002, in
accordance with Title 10 of the Code of Federal Regulations (10 CFR) Part 52, Subpart B,
“Standard Design Certifications,” and 10 CFR Part 562, Appendix O, "Standardization of Design:
Staff Review of Standard Designs.”

The AP1000 nuclear reactor design is a pressurized water reactor with a power rating of 3415
megawatts thermal (MW1) and an electrical output of at least 1000 megawatts electric (MWe).
The AP1000 design contains many features that are not found in current operating reactors.
For example, a variety of engineering and operational improvements provide additional safety
margins and address the Commission’s severe accident, safety goal, and standardization policy
statements. The most significant improvement to the design is the use of safety systems that
employ passive means, such as gravity, natural circulation, condensation and evaporation, and
stored energy, for accident mitigation. These passive safety systems perform safety injection,
residual heat removal, and containment cooling functions.

Some features of the AP1000, compared to currently operating reactors, include a longer
reactor core design, a larger pressurizer, an in-containment refueling water storage tank, an
automatic depressurization system, a revised main control room design with a digital
microprocessor-based instrumentation and control system, hermetically sealed canned reactor
coolant pump motors mounted to the steam generator, and increased battery capacity. In
addition, the facility is designed for a 60-year life, which exceeds the projected 40-year
combined operating license period, and employs structural modules.

On the basis of its evaluation and independent analyses, as set forth in this report, the NRC
staff concludes that Westinghouse’s application for design certification meets the requirements
of 10 CFR Part 52, Subpart B, that are applicable and technically relevant to the AP1000
standard design. Appendix G includes a copy of the report by the Advisory Committee on
Reactor Safeguards, as required by 10 CFR 52.53.
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10. STEAM AND POWER CONVERSION SYSTEM

10.1 Introduction

The steam and power conversion system is designed to convert the heat energy generated by
the reactor into electric power. The AP1000 Design Control Document (DCD,) Tier 2,

Chapter 10, “Steam and Power Conversion,” describes the steamand | power conversion
system for the AP1000 design. This system generates electricity by using the main steam
system to drive a turbine generator unit. Two steam generators produce steam from the heat
energy generated by the reactor to supply the turbme for the main steam system.

The turbine exhaust steam is condensed and deaerated in the main condenser. A closed- loop
circulating water system (CWS) removes the heat rejected in the main condenser. The
condensate pumps take suction from the condenser and deliver the condensate water through
heaters to the suction of the main feedwater booster pump. The water is next discharged to the
suction of the main feedwater pumps, which then d|scharge the feedwater through feedwater -
heaters to the two steam generators.

Steam from each of the two steam generators enters the high-pressure turbine through four
stop valves and four governing control valves. Crossties are provided upstream of the turbine
stop valves to equalize pressure. The turbine bypass system provides the capability to relieve a
combined capacity of 40 percent of total full-power steam flow to the’ condenser dunng startup,
hot shutdown, cooldown and step-load reductions in generator loads.

The protective features for the steam and power conversion system include the following:.

loss of external electrical load and/or turbine trip protection
main steamline overpressure protection -
loss of main feedwater flow protection
turbine overpressure protection
turbine missile protection
‘radioactivity protection
erosion-corrosion protection

Spnng -loaded safety valves are provided on both main steamlines for overpressure protectlon
in accordance with Section Il ‘of the American Socnety of Mechanical Engineers Boiler and
Pressure Vessel Code (ASME Code). The pressure relief capacity of the safety valves allows
the energy generated at the hlgh-ﬂux reactor trip setting to be dissipated through this system.
The design capacity of the main steam safety valves equals or exceeds 105 percent of the
design steamflow of the nuclear steam supply system (NSSS) at an accumulation pressure not
exceeding 110 percent of the design pressure of the main steam system.

DCD Tier 2, Section 10.1, and Table 10.1-1 provide a descnptlon of the steam and power
conversion system, as well as its design features and performance characteristics.
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Steam and Power Conversion System

10.2 Turbine Generator

The staff reviewed the design of the turbine generator in accordance with Section 10.2 of the
Standard Review Plan (SRP). The design of the turbine generator system is acceptable if its
integrated design meets the requirements of Part 50 of Title 10 of the Code of Federal
Requlations (10 CFR Part 50). Specifically, the design must meet the requirements of
Appendix A to 10 CFR Part 50, General Design Criteria for Nuclear Power Plants (GDC) 4,
“Environmental and Dynamic Effects Design Bases,” as they relate to the protection of the
structures, systems, and components (SSCs) that are important to safety from the effects of
turbine missiles. GDC 4 provides for a turbine overspeed protection system (with suitable
redundancy) to minimize the probability of generation of turbine missiles. SRP Section 10.2.11
describes the specific criteria necessary to meet the requirements of GDC 4.

The turbine generator converts the thermal energy into electric power. The turbine generator is
designated as Model TC6F with a 137 centimeter (cm) (54 inch (in.)) last-stage blade unit. The
AP1000 turbine generator has a heat balance output value of 1,199,500 kilowatts (kW) for the
NSSS-rated thermal power of 3,415 megawatts thermal (MW1).

DCD Tier 2, Table 10.2-1 identifies the design parameters of the turbine generator. DCD

Tier 2, Figure 10.3.2-2 provides the piping and instrumentation diagram (P&ID) containing the
stop, governing control, intercept, and reheat valves. The turbine generator consists of a
double-flow, high-pressure turbine and three double-flow, low-pressure turbines. Other related
system components include a turbine generator bearing lubrication oil system, a digital
electrohydraulic (DEH) control system, a turbine steam sealing system, overspeed protective
devices, turning gear, a generator hydrogen and seal oil system, a generator carbon dioxide
system, an exciter cooler, a rectifier section, and a voltage regulator.

The turbine generator foundation is designed as a spring-mounted support system. The
springs dynamically isolate the turbine generator deck from the remainder of the structure in the
range of operating frequencies.

Steam from each of the two steam generators enters the high-pressure turbine through stop
valves and governing control valves. After expanding through the high-pressure turbine,
exhaust steam flows through two external moisture separator/reheaters. The reheated steam
flows through separate reheat stop and intercept valves leading to the inlets of the three
low-pressure turbines. Turbine steam is supplied to feedwater heaters.

10.2.1 Overspeed Protection

The overspeed protection control of the DEH control system and the emergency trip system
(ETS) protect the turbine against overspeed.

The overspeed protection control of the DEH control system opens a drain path for the

hydraulic fluid in the overspeed protection control header, if the turbine speed exceed
103 percent of the rated speed. The loss of fluid pressure in the header causes the control and
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intercept valves to close. Following these valve closures, if the turbine speed falls below the
rated speed and the header pressure is reestablished, the control and intercept valves are
reopened and the unit resumes speed control. Section 10.2.2 of this report provides additional
discussion of the DEH control system. In addition, an emergency trip system is provided to trip
the turbine in the event that speeds exceed the overspeed protection control trip setpoint of
110 percent of the rated speed. Section 10.2.4 of this report provides additional discussion of
the ETS.

10.2.2 Digltal Electrohydraulic Control System

The turbine generator is equipped with a DEH contro! system. The DEH control system has
two modes of operation to protect the turbine from overspeeding. The first mode is the speed
control that functions to maintain the desired speed; the second mode is the overspeed
protection control which operates if the normal speed control should fail or upon a load
rejection.

The DEH control system combines the capabilities of redundant processors and high-pressure
hydraulics to regulate steam flow through the turbine. The control system provides the
functions of speed control, load control, and automatic turbine control (ATC). Section 10.2.3 of
this report discusses the ATC. Valve opening actuation in the DEH control system is provided
by a hydraulic system; closing actuation is provided by springs and steam forces upon -
reduction or relief of fluid pressure. A trip signal is sent to fast acting solenoid valves.
Energizing these solenoid valves releases the hydraulic fluid pressure in the valve actuators,
allowing springs to close each valve. The system is designed so that a loss of fluid pressure
leads to valve closure and consequent turbine trip. Steam valves are provided in series pairs.
A stop valve is tripped by the overspeed trip system; the control valve is modulated by the -
governing system and actuated by the trip system. .

10.2.3 Automatic Turbine Control

The ATC regulates turbine speed and acceleration through the entire speed range. When the
operator selects ATC the programs both momtor and control the turbine.

The ATC is capable of automatlcally performlng the followmg actlvmes

changing speed
changing acceleration
generating speed holds
changing load rates
generating load holds

10.2.4 Turblne Protectlve Trlps

The turbine protectlve tnps are lndependent of the electronlc control system and cause tnpplng
of the turbine stop and control valves when initiated.  The protective trips include the following:
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low bearing oil pressure

low electrohydraulic fluid pressure
high condenser back pressure
turbine overspeed

thrust bearing wear

remote trip that accepts external trips

The ETS discussed in Section 10.2.1 of this report is designed for the turbine overspeed trip.
The ETS can detect undesirable operating conditions of the turbine generator, take appropriate
trip actions, and provide information to the operator about the detected conditions and the
corrective actions. The ETS consists of an emergency trip control block, trip solenoid valves, a
mechanical overspeed device, three test trip blocks with pressure sensors and test solenoid
valves, rotor position pickups, speed sensors, and a test panel.

The ETS utilizes a two-channel configuration which permits online testing with continuous
protection afforded during the test sequence. A trip of the ETS opens a drain path for the
hydraulic fluid in the auto stop emergency trip header. The loss of fluid pressure in the trip
header causes the main stop and reheat stop valves to close. Also, check valves in the
connection to the overspeed protection control header open to drop the pressure and cause the
control and intercept valves to close. The control and intercept valves are redundant to the
main stop and reheat stop valves respectively. DCD Tier 2, Section 10.2.2.8 states that major
system components are readily accessible for inspection and are available for testing during
normal plant operation. In addition, turbine trip circuitry is tested prior to unit startup.

The NRC staff reviewed the above information, as described in DCD Tier 2, Sections 10.2.1
through 10.2.3, to confirm that there is sufficient redundancy to ensure turbine overspeed
protection. The staff determined that the AP1000 turbine generator design conforms to
Acceptance Criteria Il.1 and I1.4 of Section 10.2 of the SRP.

The mechanical overspeed trip device consists of a spring-loaded trip weight mounted in the
rotor extension shaft. The mechanical overspeed and manual trip header can be tripped
manually via a trip handle mounted on the governor pedestal. The electrical overspeed trip
system has separate, redundant speed sensors and provides backup overspeed protection
utilizing the trip solenoid valves in the emergency trip control block to drain the emergency trip
header. The speed control and overspeed protection function of the DEH control system,
combined with the ETS electrical and mechanical overspeed trips, provides a sufficient level of
redundancy and diversity.

10.2.5 Valve Control

Criterion 11.2 of Section 10.2 of the SRP states that turbine main steam stop and control valves
and reheat steam stop and intercept valves should be provided to protect the turbine from
exceeding set speeds, as well as to protect the reactor system from abnormal surges. To
assure that turbine overspeed is controlled within acceptable limits, the reheat stop and
intercept valves should be capable of closure concurrent with the main steam stop valves or of
sequential closure within an appropriate time limit. The valve arrangements and valve closure

10-4




Steam and Power Conversion System
5 BRI

times should ensure that a failure of any single valve to close will not result in an excessnve
turblne overspeed in the event of a turbine generator system trip signal.

DCD Tier 2, Section 10.2.2.4.3 states that the ﬂow of the main steam entering the high-
pressure turbine is controlled by four stop valves and four governing control valves. Each stop
valve is controlled by an electrohydraulic actuator so that the stop valve is either fully open or
fully closed. The stop valves shut off the steam flow to the turbine, when required. The stop
valves fully close within 0.3 seconds of actuation of the ETS devices, which are independent of
the electronic flow control unit.

The turbine control valves are positioned by electrohydraulic servo actuators in response to
signals from their respective flow control units. The flow control unit signal positions the control
valves for wide-range speed control through the normal turbine operating range, as well as for
load control after the turbine generator umt is synchronized.

The reheat stop and intercept valves, located in the hot reheat lines at the inlet to the low-
pressure turbines, control steam flow to the low-pressure turbines. During normal operation of
the turbine, the reheat stop and intercept valves are wide open. The intercept valve flow control
unit positions the valves during startup and normal operations, and closes the valves rapidly
upon loss of turbine loads. The reheat stop valves close completely upon a turbine overspeed
and turbine trips. Quick closure of the steam valves prevents a turbine overspeed. The valve
closure time for both the reheat stop valves and intercept valves is 0.3 seconds. Because
redundancy is built into the overspeed protectlon systems the failure of a single valve will not
disable the trip functions.

On the basis of the above discussion, the staff concludes that the AP1000 design conforms to
Criteria 11.2 and 1.3 of Section 10.2 of the SRP with respect to the avanlablhty and adequacy of
the control valves. -

10.2.6 Turbine Missiles

The turbine generator and associated piping, valves, and controls are located completely within
the turbine building. No safety-related systems or components are located within the turbine -
building. The orientation of the turbine generator is such that a high-energy missile would be
directed at a 90-degree angle away from safety-related SSCs. Failure of the turbine generator
equipment does not preclude a safe shutdown of the reactor.” Section 3.5.1.3 of this report
addresses the issue of turbine mlssﬂes

10.2. 7 Access to Turbme Areas
Cntenon 11.6 of Section 10. 2 of the SRP states that unllmlted access to all levels of the turbine

area should be provided under all operating condmons Radlatlon shielding should be provided
as necessary to permit access. R .
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Under operating conditions, access is available to the turbine generator components and
instrumentation associated with a turbine generator overspeed protection. Major system |
components are readily accessible for inspection, and are available for testing during normal
plant operation.

Since the steam generated in the steam generators is not normally radioactive, no radiation
shielding is provided for the turbine generator and associated components. Radiological
considerations do not affect access to system components during normal conditions.

Based on the above discussion, the staff concludes that the turbine generator design conforms
to Criterion 1.6 of Section 10.2 of the SRP. Furthermore, Criterion .7 of Section 10.2 of the
SRP states that connection joints between the low-pressure turbine exhaust and the main
condenser should be arranged to prevent adverse effects on any safety-related equipment in
the turbine room in the event of rupture (it is preferable not to locate safety-related equipment in
the turbine room). Criterion I1.7 is satisfied because the turbine building does not house any
safety-related equipment.

10.2.8 Turbine Rotor Integrity

GDC 4 requires that SSCs important to safety shall be appropriately protected against
environmental and dynamic effects, including the effects of missiles, that may result from
equipment failure. Because turbine rotors have large masses and rotate at relatively high
speeds during normal reactor operation, failure of a rotor may result in the generation of high-
energy missiles and excessive vibration of the turbine rotor assembly. The staff reviewed the
measures taken by the applicant to ensure turbine rotor integrity and reduce the probability of
turbine rotor failure.

The staff used the guidelines of SRP Section 10.2.3, “Turbine Disk Integrity,” to review and
evaluate the information submitted by the applicant to maintain turbine rotor integrity and a low
probability of turbine rotor failure with the generation of missiles. SRP Section 10.2.3 provides
criteria to ensure that the turbine rotor materials have acceptable fracture toughness and
elevated temperature properties. In addition, these criteria will ensure that the rotor is
adequately designed and will be inspected prior to service, as well as receiving inservice
inspections (I1SIs) at approximately 10-year intervals during plant shutdowns.

The applicant provided its evaluation on turbine disk integrity which addressed all technical
areas specified in SRP 10.2.3, including materials selection, fracture toughness, preservice
inspection (PSI), turbine disk design, and ISI. For this evaluation, the applicant relied on the
turbine missile methodology and analytical results documented in Westinghouse Commercial
Atomic Power (WCAP)-15783, “Analysis of the Probability of the Generation of Missiles from
Fully Integral Nuclear Low Pressure Turbines,” and WCAP-15785, “Probabilistic Evaluation of
Turbine Valve Test Frequency,” for this evaluation. Section 3.5.1.3 of this report includes a
description of the analyses and the staff’s evaluation and acceptance of WCAP-15783 and
WCAP-15785. Since high-pressure turbines have disks of smaller radius and lighter blades
(less stresses) and are operated at a higher temperature (higher fracture toughness), the LP
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turbine results on missile generation bound the HP turbine results .SRP 10.2.3 addresses LP
turbines only, and WCAP-15783 provides information on LP turbines accordingly.

DCD Tier 2, Section 10.2.3 provides information concerning the turbine rotor material. AP1000
turbine rotors are made from a vacuum-melted, deoxidized alloy steel (Ni-Cr-Mo-V) by
processes which maximize steel cleanliness and provide adequate fracture toughness. DCD
Tier 2, Section 10.2.3 indicates that the turbine rotors are made from forgings that meet the -
requirements of materials specification ASTM A470, Class 5, 6, and 7, with strict limits being
imposed on phosphorous, aluminum, antimony, tin, argon, and copper. This is a typical
material used for Westinghouse turbine rotors and its performance in service has been found
acceptable. The staff also finds this specification acceptable because use of this specrfrcatron
limits these impurities in the turbine rotor. The use of this materials specification is necessary
to assure an appropriate level of fracture toughness.

The applicant stated in DCD Tier 2, Section 10.2.3.1, “Materials Selection,” that the turbine
materials have the lowest fracture appearance transition temperature(FATT) and the hrghest T',»
Charpy V-notch (C,) properties obtainable from water-quenched Ni-Cr-Mo-V material of the size
and strength level used, thus indicating that suitable material toughness is obtained through the
use of these types of material. The applicant’s response to request for additional information
(RAIl) 251.023 resolved the NRC staff’s concern about FATT and the ni-ductility temperature
(NDT). The applicant’s response to RAl 251.024 dated March 25, 2003, clarified their fracture
toughness requirements. This response indicated that the fracture toughness of the rotor
materials will be at least 220 MPav'm (200 ksiVin.), and the ratio of fracture toughness to the
maximum applied stress intensity factor for rotors at speeds from normal to design overspeed
will be at least 2. The staff finds these toughness and margin criteria to be acceptable because
they are consistent with criteria approved for other applications involving assumed flaws, such
as the pressure-temperature limits for the reactor pressure vessel. However, this criterion for
fracture toughness of the rotor material was not consistent with the second design criterion of
DCD Tier 2, Section 10.2.3.4, which states that “[tlhe tangential stresses will not cause a flaw
that is twice the corrected ultrasonic examination reportable size to grow to critical size in the -
design life of the rotor.” This was draft safety evaluatron report (DSER) Open Item 10.2.8-1.

In a letter dated July 7, 2003, the applrcant provrded a response 1o this open rtem by revrsrng
DCD Tier 2, Section 10.2.3.4. This revision explicitly connects the applied stress intensity .
factor for an ultrasonic testing (UT) reportable flaw to fracture toughness of the rotor material. -
Since the applicant has removed the conflrct between the criteria, Open item 10.2.8-1 is
resolved. . co :

In DCD Tier 2, Section 10.2.3.2, “Fracture Toughness," the applicant discusses, in general
terms, the maximum initial flaw size and crack growth rates. Section 3.5.1.3 of this report
discusses the staff’s evaluation of the application of nondestructive examination (NDE), initial
flaw size, and crack growth rates with respect to the probability aspects of turbine missile
generation. To ensure that the maximum applied stress intensity factor for rotors at various -
speed was derived appropriately, the NRC staff reviewed DCD Tier 2, Section 10.2.3.2.1,
“Brittle Fracture Analysis,” and requested additional information in RAls 251.025, 251.026, and
251.027 to resolve certain concerns about the applicant’s analysis. .
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DCD Tier 2, Section 10.2.3.2.1 describes a brittle fracture analysis in terms of the design duty
cycle stresses, number of cycles, ultrasonic examination capability, and growth rate of potential
flaws. In its response to RAI 251.025 regarding the conservative factors of safety that were
included in estimating the above-mentioned parameters, the applicant referred to the low cycle
fatigue (LCF) crack analysis of WCAP-15783. (WCAP-15783 is used to support the NRC
staff’s review of turbine missiles presented in DCD Tier 2, Section 3.5.1.3, as well as its review
of the turbine rotor integrity presented in DCD Tier 2, Section 10.2.3.) WCAP-15783 describes
completely the brittle fracture analysis discussed in DCD Tier 2, Section 10.2.3.2.1. The staff
considers this response appropriate because the limiting dimension (radius) of a rotor shaft is
much larger than the limiting dimension (disk thickness) of turbine disks, which makes the
operational stresses in the shaft much lower than the operational stresses in the disks, and
makes the disks more limiting than the shatft. Hence, the WCAP-15783 analyses for disks are
sufficient for assessing overall rotor integrity.

In Revision 2 of WCAP-15783, the applicant replaced an unreasonable stress intensity factor
(Kc) value used in the LCF analysis, as identified in RAl 251.025, with a proprietary value the
staff considers reasonable for the design material. In its response to RAI 251.026, dated
March 25, 2003, regarding the vibratory stresses, the applicant referred to WCAP-15783 and
stated that

(t)he vibratory stress when passing through critical speeds during startups and
shutdowns is not included in the evaluation of low cycle fatigue. This is because
the bending stress for this condition is greatest on the surface of the rotor and
negligibly small on the rotor bore surface, which is the point where maximum
stress of low cycle fatigue appears.

The NRC staff considers this to be appropriate because the vibratory stress occurred at a
location ditferent from where the LCF etfect is evaluated. However, the response did not
adequately justify the conclusion that rotor resonant stresses resulting from passing through
rotor critical speeds are insignificant. This was DSER Open Item 10.2.8-2.

In response to DSER Open ltem 10.2.8-2 dated June 24, 2003, the applicant provided
quantitative information regarding rotor resonant stresses resulting from passing through rotor
critical speeds. This new information indicates that (1) the reported rotor resonant stresses are
about one quarter of those associated with high cycle fatigue (HCF) as discussed in
WCAP-15783, and (2) the duration of the rotor resonant stresses is short as opposed to the
cyclic nature of HCF, making the contribution of the rotor stresses to HCF or LCF negligible at
its critical speeds. Therefore, DSER Open Item 10.2.8-2 is resolved.

In its response to RAI 251.027 regarding the K¢ value, its associated safety factor, and the
assumed initial flaw depth that was used in the fatigue crack growth analysis, the applicant
stated that the requested information can be found in WCAP-15783. Further, the apphcant
addressed the issue regarding the assumed initial crack depth in its response to

RAI 251.002(a) on undetected and reported indications. The crack growth analysis and results
due to LCF have been evaluated and accepted in the staff’s evaluation of DCD Tier 2,

Section 3.5.1.3, related to turbine missiles; however, RAl 251.002 addresses the determination
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of an initial flaw depth. The closure of DSER Open ltem 3.5.1.3- 1 in Sectlon 3.5.1.3 of this
report further addresses this issue.

In RAI 251.028, the NRC staff discussed concerns about the uncertainties involved in using the
results from the mechanical property tests, such as FATT, C,, and yield strength, to venfy the
fracture toughness of rotor materials. In its response to RAl 251.028, dated March 25,2003,
regarding the assumed K value of 220 MPa/m (200 ksi/in) and the use of plant-specific rotor
test data provided by the combined license (COL) applicant to support this assumed value, the
applicant states that the assumed fracture toughness for LCF evaluations is based on the
design curves for fracture toughness of 3.5 percent Ni-Cr-Mo-V steel. The fracture toughness
curves provided reflect Mitsubishi Heavy Industry’s (MHI) test data and experience and include
a 20 percent margin. The applicant further states “[tJhe minimum allowable fracture toughness
for the AP1000 LP. rotor at temperature will be 220 MPaVym = 200 ksiin.” This expected
fracture toughness is supported by approximately 190 actual toughness values for MHI rotors
calculated usmg the Rolfe-Novak-Barsom correlation formula. The staff determined that there
is ample margin between the assumed K value used in the LCF evaluations and the expected
K\ value of 220 MPavy'm (200 ksivin) for an actual rotor, especially when the assumed K value
includes a 20 percent margin. However, as required by DCD Tier 2, Section 10.2.6, the COL
applicant referencing the AP1000 design will have available plant-specific turbine rotor test data
and calculated toughness curves to confirm the material property assumptions in the turbine
rotor analysis. (See Sectlon 10.5 of this report COL Action ltem 10.5-2. ) '

DCD Tier 2, Section 10.2.3.4, “Turbine Rotor Desngn mdxcates that the AP1000 turbme rotor
design will be a solid-forging, fully-integral rotor rather than disks shrunk on'a shaft. The
current pracﬁce employed by some turbine manufacturers for the large, low-pressure, fully-
integral rotors is to bore the center to remove metal impurities and permit internal inspection.
The fully-integral, forged rotors will not be as susceptible to stress-corrosion cracking (SCC) as
the shrunk-on disks due to the reduction of surfaces susceptible to SCC and the elimination of
interference fits which induce higher stresses. ‘The nonbored design of the hlgh-pressure rotors
provides increased design margins because of inherently lower centerline stress. The use of *
solid rotor forgings was qualified by an evaluation of the material removed from center-bored
rotors used in fossil power plants. This evaluation demonstrated that the ‘material at the center - ,
of the rotors meets the requirements of the materials specification. Further, DCD Tier 2,

Section 10.2.3.4 states that only suppliers that have been qualified based on bore materials
performance will supply forgings for high-pressure rotors. Therefore, both the nonbored design
of the high-pressure turbine element and the bored desugn of the low-pressure turbme element
is acceptable.

DCD Tier 2, Section 10.2.3 also states that the maximum tangential stress resulting from
centrifugal forces does not exceed 65 percent of the 0.2 percent offset yield strength at design
temperature and speed. The DCD also states that the tangentlal stresses will not cause a flaw
that is twice the corrected UT reportable size to grow to critical size in the design life of the
rotor. The first criterion is not consistent with the stress limit criterion of SRP 10.2.3, which
stipulates that the combined stresses of a low-pressure turbine disk at design overspeed due to
centrifugal forces, interference fit, and thermal gradients not exceed 0.75 of the minimum
specified yield strength of the material. This was DSER Open ltem 10.2.8-3. In its letter of
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July 7, 2003, the applicant responded to this open item by revising the first design criterion of
DCD Tier 2, Section 10.2.3.4, to be consistent with the stress limit criterion of SRP 10.2.3.
Hence, DSER Open ltem 10.2.8-3 is resolved.

DCD Tier 2, Section 10.2.3.5, “Preservice Tests and Inspections,” states that the PSI will
include a 100 percent volumetric (ultrasonic) examination of each finished machined rotor and a
surface visual and magnetic particle examination. Every subsurface ultrasonic indication is
either removed or evaluated to ensure that it will not grow in size and thus compromise the
integrity of the turbine during service. All finished machined surfaces are subjected to a
magnetic particle examination with no flaw indications permissible in bores or other highly
stressed areas. Each turbine rotor assembly is spin tested at 120 percent of its rated speed.
The proposed preservice tests and inspections, as well as the acceptance criteria for the
examination results are more restrictive than those specified for Class 1 components in

Section Ill and V of the ASME Code. Therefore, the staff finds them acceptable.

DCD Tier 2, Section 10.2.3.6, “Maintenance and inspection Program Plan,” states that the ISI
for the AP1000 turbine assembly includes the disassembly of the turbine and complete
inspection of all normally inaccessible parts, such as couplings, coupling bolts, low-pressure
turbine blades, and low-pressure and high-pressure rotors. During plant shutdown, turbine
inspections will be performed at intervals of approximately 10 years for low-pressure turbines
and about 8 years for high-pressure turbines. At least one main steam stop valve, one main
steam control valve, one reheat stop valve, and one intercept valve will be dismantled and
inspected by visual and surface examinations approximately every 3 years during scheduled
refueling or maintenance shutdowns. Turbine valve testing will be performed at quarterly
intervals.

in RAI 251.029, the NRC staff requested justification for the inspection and testing intervals for
the turbine system and valves. In its response to RAI 251.029, the applicant stated that “the
turbine inspection interval of assembly and valves is determined based on not only the
probability of turbine missile generation but also operating experience of similar equipment and
inspection results.” The response further clarified that the turbine inspection intervals are
supported by WCAP-15783 and WCAP-15785, while the quarterly testing frequency for valves
is supported by WCAP-15785 alone. WCAP-15783 demonstrates that except for the
destructive overspeed mechanism, the probability of turbine missile generation does not exceed
10 per reactor-year, even after a running time between inspections of several times longer
than 10 years. Section 3.5.1.3 of this report discusses the NRC staff’s review and acceptance
of WCAP-15783, which is related to the resolution of Open Items 3.5.1.3-1 and 3.5.1.3-2.

WCAP-15785 complements WCAP-15783 by using detailed nuclear turbine failure data to
assess the total risk of turbine missile ejection at destructive overspeed and at lower
overspeeds as a function of valve test interval. WCAP-15785 contains detailed information
regarding the method for calculating the probability of destructive overspeed using historical
failure data pertinent to the operating experiences of MHI nuclear steam turbines. This WCAP
report also outlines the use of this failure data to calculate failure rates for various components.
The NRC staff’s review determined that the method described above is acceptable because the
failure rate calculation methodology for valves and control systems is consistent with industry
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.practice that has resulted in satisfactory performance. In addition, the probability of failure
calculation methodology is a bounding approach. WCAP-15785 presents the total probability of
turbine missile generation at destructive overspeed as a function of the turbine valve test
interval and demonstrates that the probability of turbine missile generation with quarterly valve
tests is 10 per reactor-year, less than the NRC criterion of 10 per.reactor-year (as discussed
in Section 3.5.1.3 of this report). Hence, the staff finds these inspection intervals acceptable.
However, as required by DCD Tier 2, Section 10.2.6, the COL applicant referencing the
AP1000 design must submit a turbine maintenance program to the NRC for review and
approval within 3 years of obtaining a COL. (See Section 10 5 of thls report COL Action
ltem 10.5-2.) 4

10.2.9 Conclusmns

Based on the above evaluation, the staff concludes that the AP1 000 design is acceptable and
meets the requirements of GDC 4 with respect to the protection of SSCs important to safety
-from the effects of turbine missiles.  The applicant has met these requirements by providing a
turbine overspeed protection system to control the turbine action under all operating conditions.
This system also assures that a full-load turbine trip will not cause the turbine to overspeed
beyond acceptable limits, thus resultlng in turblne mnssnles ) ’

Wlth the resolutlon of DSER Open Iltems 10 2.8- 1 10 2.8-2, 10 2.8-3, and 3 5.1.3-1, the staff
concludes that the integrity of the turbine rotor is acceptable and meets the relevant L
requirements of GDC 4 of Appendix A to 10 CFR Part 50. This conclusion is based upon the
ability of the applicant to demonstrate that its design meets the requirements of GDC 4 with *
respect to the use of materials with acceptable fracture toughness, adequate design, and the
requirements for PS!s and ISls. The applicant has also described its program for assuring the -
integrity of low-pressure turbine rotors, which includes the use of suitable materials of adequate
fracture toughness, conservative design practices, PS| and IS}, and valve testing. This
provides reasonable assurance that the probability of failure due to missile generatlon is low-
during normal operation, including transients up to design overspeed. :

10.3 Mam Steam Supply System

10.3.1 Main Steam Supply System Design

The staff reviewed the design of the main steam supply system (MSSS) in accordance with
Section 10.3 of the SRP. Acceptability of the design of the MSSS is based on meetmg the
following:

o GDC 4 with respect to the ability of the safety-related portions of the system to withstand

the effects of external missiles and internally generated missiles, pipe whip, and jet
impingement forces associated with pipe breaks
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. GDC 5, “Sharing of Structures, Systems, and Components,” with respect to the ability of
the shared systems and components important to safety to perform required safety
functions

. GDC 34, “Residual heat removal,” as related to the system function of transferring

residual and sensible heat from the reactor system in indirect cycle plants
The NRC staff review also considers the following guidance:

. SRP Branch Technical Position (BTP) RSB 5-1 with respect to the design requirements
for residual heat removal

. Issue 1 in NUREG-0138, “Staff Discussion of Fifteen Technical Issues Listed in
Attachment to November 3, 1976, Memorandum From Director, NRR, to NRR Staff,”
which specifies the allowable credit that can be taken for valves downstream of the main
steam isolation valve (MSIV) to limit blowdown of a second steam generator in the event
of a steamline break upstream of the MSIV '

The MSSS includes components of the AP1000 steam generator system (SGS), main steam
system, and main turbine system. The function of the MSSS is to transport steam from the
steam generators to the high-pressure turbine over the entire operating range. The system
provides steam to the moisture separator/reheater and the steam seal system for the main
turbine. The system removes heat generated by the NSSS by means of a steam dump to the
condenser through the turbine bypass system or to the atmosphere through power-operated
atmospheric relief valves or spring-loaded main steam safety valves, when either the turbine
generator or condenser is unavailable.

DCD Tier 2, Section 10.3.1.1, and DCD Tier 2, Table 3.2-3, “Steam Generator System (SGS),”
identify all safety-related mechanical equipment in the MSSS and list the associated ASME
Code class. The following MSSS components are classified as safety-related:

. the main steamline piping from the steam generator up to the pipe restraint located on
the wall between the auxiliary building and the turbine building, including the main steam
isolation valve and the main steam isolation bypass valves

. the inlet piping from the main steamline to the main steam safety valve discharge piping
and vent stacks and to the power-operated relief line piping, including block valve and
power-operated relief valves

. the instrumentation tubing up to, and including, the main steamline pressure instrument
root valves
. the vent line and nitrogen connection on the main steamiine up to, and including, the

first isolation valve
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. the main steam drain condensate pot located upstream of the main steam isolation
valves, as well as the drain piping up to, and including, the first isolation valve

. the condensate drain piping from the outlet of the isolation valve to the restraint on the
wall between the auxiliary building and the turbine building

The remainder of the MSSS is nen-safety-related. -

As stated in the DCD, the safety-related portion of the MSSS complies with the quality - -
assurance (QA) requirements of Appendix B to 10 CFR Part 50 and is designed to the
requirements discussed in DCD Tier 2, Sections 3.11 and 9.5 for environmental design and fire
protection, respectlvely The DCD also states that no single failure coincident with Ioss of
offsite power compromises the safety functions of the MSSS

Provision lil.5.f of SRP Sectlon 10.3 states that ina postulated safe shutdown earthquake, the
design includes the capability to operate atmospheric dump valves remotely from the control
room so that cold shutdown can be achieved using only safety-grade components, assuming a -
concurrent loss of offsite power. In the AP1000 design, the passive residual heat removal . .
(PRHR) system (see Section 5.4.14 of this report), which can be initiated automatically without
requiring the control of steamline pressure, provides the capability of safety-grade decay heat .~
removal. The power-operated atmospheric relief valves provide a non-safety-related means for
plant cooldown to the point that the normal residual heat removal system can be initiated to
remove the decay heat. - The relief valves are automatically controlled by steamline pressure,
with remote manual adjustment of the pressure setpoint from the control room. If the relief - . -
valve for an individual main steamline is unavailable because of the loss of its control or power
supply, the respective spring-loaded safety valves, which are safety-related, will provide .
overpressure protection.' The safety valves are designed to AP1000 Class B; ASME Code, .
Section lll, Class 2; and seismic Category | requirements. Therefore, the staff concludes that
the AP1000 design meets the posmon in BTP RSB &- 1 asit relates to the design requnrements
for reSIdual heat removal

Following a main steamline break the main steam |solat|on system is deS|gned to hmlt
blowdown to one steam generator so that the fuel design limits and containment design
pressure can be maintained. The MSIVs and the MSIV bypass valves on each main steamline
are designed to isolate the secondary side of the steam generators to prevent the uncontrolled
blowdown of more than one steam generator and to isolate non-safety-related portions of the
system. The MSIV automatically closes upon receipt of either of two main steam isolation
signals associated with independent Class 1E electrical divisions. Redundant power supplies
and power divisions operate the MSIVs and the MSIV bypass valves. The isolation valve is a
part of the containment isolation boundary and therefore is specified as Class 1E; active, ASME
Code, Section lil, Class 2. The conditions that initiate automatic closure of the MSIVs and
MSIV bypass valves are high containment pressure, low steamline pressure, high steamline
pressure negative rate, and low reactor coolant inlet temperature. The MSIVs are gate valves
controlled by a pneumatic/hydraulic operator. The energy required to close the valves is stored
in the form of compressed nitrogen in one end of the actuator cylinder. High-pressure hydraulic
fluid maintains the values in an open position. . For emergency closure, redundant Class 1E
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solenoid valves are energized, causing the high-pressure hydraulic fluid to be dumped to a fluid
reservoir and the valves to close. The backup isolation valves (such as the turbine stop valves)
receive signals derived from the protection and safety monitoring system (PMS) to actuate the
valves.

In DCD Tier 2, Section 3.6.1.1, the applicant stated that turbine stop valves, moisture
separator/reheater stop valves, and turbine bypass valves (which are not safety-related) are
credited in single-failure analyses to mitigate postulated steamline ruptures. These valves are
included as non-safety-related equipment, and are evaluated for pipe whip protection as part of
the evaluation of the affected system, as required by GDC 4. Based on the design alternatives
identified in Issue 1 of NUREG-0138 relative to utilizing the turbine stop valves to provide
redundancy for safety-related equipment, the turbine stop valves and control valves are
credited for demonstrating that the design will preclude the blowdown of more than one steam
generator, assuming a concurrent single active failure. The staff concluded in NUREG-0138
that in accidents involving spontaneous failures of secondary system piping, reliance on
non-safety-grade valves in the postulated accident evaluation is permitted based on the
reliability of these valves. The MSIV technical specification (TS) includes control for the turbine
stop valves, moisture separator/reheater stop valves, and turbine bypass valves. Based on the
conclusions in NUREG-0138, the staff finds that the AP1000 MSSS meets the requirements of
GDC 34, as they relate to limiting blowdown of a second steam generator in the event of a
steamline break upstream of the MSIV. Further, based on meeting the relevant acceptance
criteria specified in the SRP, the staff concludes that the MSSS meets the requirements of
GDC 34, as they relate to the system function of transterring residual and sensible heat from
the reactor system.

Compliance with GDC 2, “Design Bases for Protection Against Natural Phenomena,” is based
on meeting the relevant acceptance criteria specified in the SRP to ensure that the
safety-related portions of the system are capable of withstanding the effects of natural
phenomena such as earthquakes, tornados, hurricanes, and floods. The design should also
meet, the positions of Regulatory Guide (RG) 1.29, “Seismic Design Classification,” as they
relate to the seismic design classification of system components, and RG 1.117, “Tornado
Design Classification,” as they relate to the protection of SSCs important to safety from the
effects of tornado missiles.

The AP1000 piping and valves from the steam generators up to, and including, each MSIV are
designed in accordance with ASME Code, Section lll, Class 2, and seismic Category |
requirements. The branch lines up to, and including, the first valve (including a safety or relief
valve) that is either normally closed or capable of automatic/remote manual closure are also
designed to these requirements. Piping and valves downstream of the MSIVs and the valves
identified above are designed in accordance with ASME Code, Section llIl, Class 3, and seismic
Category | up to, and including, pipe anchors located at the auxiliary building wall. The power
supplies and controls necessary for safety-related functions of the MSSS are designated

Class 1E.

In DCD Tier 2, Sections 10.3.1.1 and 10.3.3, the applicant stated that the safety-related portion
of the system is designed to withstand the effects of a safe-shutdown earthquake, is protected
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from the effects of natural phenomena and is capable of performlng its intended function
following postulated events. The safety-related portion of the MSSS is located in the
containment and auxiliary buildings, which are designed to withstand the effects of
earthquakes, tornados, hurricanes, floods, external missiles, and other appropriate natural
phenomena. The components of the safety-related MSSS are qualified to function in normal,
test, and accident environmental conditions. Section 3.4.1 of this report describes the staff's
evaluation of flood protection. The safety-related mechanical equipment in the MSSS is
identified in DCD Tier 2, Table 3.2-3, and described in DCD Tier 2, Section 10.3.1.1. Based on
its review, the staff concludes that the safety-related portion of the system meets the
requirements of GDC 2 of Appendix A to 10 CFR Part 50 with respect to the ability of the
structures housing the safety-related portion of the system and the safety-related portions of
the system to withstand the effects of natural phenomena

Comphance wnth GDC 4 is based on meetlng the relevant requirements specmed in the SRP to
ensure that the safety-related portions of the system are capable of withstanding the effects of
external missiles, internally generated missiles, pipe whip, and jet impingement forces
associated with p|pe breaks and Position C.1 of RG 1.115, “Protection Against Low—Trajectory
Turbine Missiles,” as it relates to the protection of SSCs important to safety from the effects of
turbine missiles. In addition, the SRP states that the system design should adequately consider
steam hammer and relief valve discharge loads to assure that system safety functions can be
achieved and should assure that operating and maintenance procedures include adequate
precautions to avoid steam hammer and relief valve discharge loads. The system design
should also include protection against water. entrainment.

Steam hammer prevention is addressed by appropriate precautions in the operating and
maintenance procedures, which include system operating procedures that caution against using
the MSIVs except when necessary, as well as operating and maintenance procedures that
emphasize proper draining. The apphcant also stated that the stress analyses for the L
safety-related portion of the MSSS piping and components include the dynamic loads from
rapid valve actuation of the MSIVs and the safety valves. Design features that prevent water
formations in the MSSS include the use of drain pots and the proper sloping of lines. - .

DCD Tier 2, Sections 3.6.1 and 3.6.2 discuss high-energy pipe break locations and evaluate the
effects of such breaks, including plpe whip and jet impingement forces. . DCD Tier 2,

Section 10.3.2.2.1 states that the main steamlines between the steam generator and the
containment penetration are designed to meet the leak-before-break (LBB) criteria.. DCD

Tier 2, Section 3.6.3 discusses the LBB appllcatnon and criteria. Section 3.6.1 through 3.6.3 of
this report provides the staff’s evaluation of this i ISSUG ‘Leakage detectlon for the purpose of
LBB is discussed in Section 3.6.3 of this report. o , .

Section 3.5 of this report includes an evaluation of the protection provided by the AP1000
design against externally- and mternally—generated missiles. Sections 3.5 and 3.6 of this report
evaluates the conformance of the desrgn in this area wnth the requxrements of GDC 4,

Although the AP1000 desugn can be used at elther smgle-unlt or mu|t|p|e~un|t sites, DCD Tier 2,
Section 3.1.1 states that the AP1000 design is a single-unit plant. Further, if more than one unit
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were built on the same site, none of the safety-related systems would be shared. Should a
multiple-unit site be proposed, the COL applicant must apply for the evaluation of the units’
compliance with the requirements of GDC 5, “Sharing of Structures, Systems, and
Components,” with respect to the capability of shared SSCs important to safety to perform their
required safety functions.

As described above, the staff has reviewed the MSSS in accordance with Section 10.3 of the
SRP and finds that the system design conforms to the requirements of GDC 2, 4, 5, and 34.
Therefore, the design of MSSS is acceptable.

10.3.2 Steam and Feedwater System Materials

The staff reviewed DCD Tier 2, Section 10.3.6, “Steam and Feedwater System Materials,” in
accordance with Section 10.3.6, “Steam and Feedwater System Materials,” of the SRP. The
materials selection, fabrication, and fracture toughness of ASME Code Class 2 and 3 pressure
boundary components in the steam and feedwater system are acceptable if they meet the
relevant requirements of 10 CFR 50.55a, “Codes and Standards™: Appendix A to 10 CFR

Part 50, GDC 1, “Quality Standards and Records,” and GDC 35, “Emergency Core Cooling
System”; and Appendix B to 10 CFR Part 50, “Quality Assurance Criteria.”

GDC 1 requires, in part, that SSCs important to safety shall be designed, fabricated, erected,
and tested to quality standards commensurate with the importance of the safety functions to be
performed. This requirement is satisfied when the requirements of 10 CFR 50.55a are met.

GDC 35 requires, in part, that suitable interconnection, leak detection, isolation, and
containment capabilities be provided to assure that the safety system function (i.e., emergency
core cooling) can be provided assuming a single failure. For ferritic pressure-retaining
components of a critical nature, the containment capability is assured, in part, by requiring
minimum fracture toughness performance of the materials form which they are fabricated.

Appendix B to 10 CFR Part 50 establishes QA requirements for the design, construction, and
operation of SSCs that are important to safety.

The specific acceptance criteria necessary to meet these requirements are as follows:

. The fracture toughness properties of the ferritic materials of Class 2 and 3 components
are acceptable if they meet the requirements of NC-2300, “Fracture Toughness for
Materials (Class 2)” and ND-2300, “Fracture Toughness for Materials (Class 3)” of
Section lll of the ASME Code.

. The materials specified for use in Class 2 and 3 components are acceptable if they
conform to Appendix | of Section Ill of the ASME Code, and to Parts A, B, and C of
Section |l of the Code. Materials acceptable to the staff are also specified in RG 1.85,
“Materials Code Case Acceptability—ASME Section |ll, Division 1.”
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. The materials specified for use in Class 2 and 3 components are acceptable if the
regulatory positions of RG 1.37, “Quality Assurance Requirements for Cleaning of Fluid
Systems and Associated Components of Water-Cooled Nuclear Power Plants,” are met.
This guide describes methods acceptable to the staff for prevention of intergranular
stress-corrosion cracklng (IGSCC)of austenmc stainless steel and nickel- based alloy

- components.

e - The materials specified for use in 'Class 2 and 3 compouents are acceptable, Ap‘)rovided
the acceptance criteria of ASME Section lll, Paragraphs NB/NC/ND 2550 through 2570
for nondestructive examination of tubular products are followed.

. The materials specified for use in Class 2 and 3 components are acceptable if welds
located in areas of restricted direct and visual accessibility are welded by personnel
qualified consistent with the guidance of RG 1.71, “Welder Qualification for Areas of
Limited Accessibility.” This guide describes methods acceptable to the staff for
providing better control of welder technique in production welding.

DCD Tier 2, Section 10.3.6, “Steam and Feedwater System Materials,” indicates that the
material specifications for pressure-retaining materials in the safety-related portions of the main
steam and feedwater systems meet the fracture toughness requirements of Section Il of the
ASME Code, Articles NC-2300 and ND-2300, for Quality Group B and Quality Group C
components. Pipe, flanges, fittings, valves, and other piping material conform to the referenced
standards of ASME, the American Society for Testing and Materials (ASTM), the American
National Standards Institute (ANSI), or the Manufacturer Standardization Society—Standard
Practice Code. No copper or copper-bearing materials are used in the steam and feedwater
system. Materials selection and fabrication requirements for ASME Code, Section lll, Class 2
and 3 components in the safety-related portions of the main steam and feedwater systems are
consistent with the requirements for ASME Class 2 and 3 systems and components outlined in
DCD Tier 2, Sections 6.1.1.1 and 6.1.1.2, for engineered safety feature (ESF) components.
DCD Tier 2, Table 10.3.2-3 list the material specifications for the main steam and feedwater
systems. DCD Tier 2, Section 1.9.1 describes conformance with the applicable RGs. DCD
Tier 2, Section 6.6.5 addresses nondestructive inspection of ASME Code, Section lll, Class 2
and 3 components in the safety-related portions of the main steam and feedwater systems.

The staff's evaluation of the materials used in the maln steam and feedwater systems is divided
into the followmg three sections: ‘

(1) Fracture Toughness DCD Tier 2, Sectlon 10. 3 6.1 mdlcates that the fracture toughness
properties of the materials of the main steam and feedwater systems will meet the
requirements of Section il of the ASME Code, Articles NC-2300 and ND-2300 for
Quality Group B and C components, respectively. ' The fracture toughness requirements
of the Code provide reasonable assurance that the materials will have adequate
margins against the possibility of nonductile behavior or rapidly propagating fracture.
This satisfies, in part, the requirements of 10 CFR 50.55a, GDC 1, and GDC 35.
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()

(3)

Material Selection and Fabrication: Carbon steel piping in steam and feedwater
systems has experienced wall thinning due to single-phase or two-phase erosion-
corrosion. DCD Tier 2, Section 10.1.3 indicates that erosion-corrosion resistant
materials are used in steam and power conversion systems for components exposed to
single-phase or two-phase flow where significant erosion can occur. The applicant
stated that it considered system piping and component configuration and geometry,
water chemistry, piping and component material, fluid temperature, and fluid velocity in
its evaluation of erosion-corrosion. In addition to material selection, pipe size and layout
may also be used to minimize the potential for erosion-corrosion in systems containing
water or two-phase flow. Carbon steel with only carbon and manganese alloying agents
will not be used for applications subject to erosion-corrosion. In addition, the steam and
feedwater systems are designed to facilitate inspection and erosion-corrosion
monitoring programs. The COL applicant will perform pipe wall thickness inspections to
monitor the presence of excessive wall thinning.

An industry-sponsored computer program developed for nuclear and fossil power plant
applications is used to evaluate the rate of wall thinning for components and piping
potentially susceptible to erosion-corrosion. The engineering models are the result of
research and development in the fields of material science, water chemistry, fluid
mechanics, and corrosion engineering. The COL applicant will prepare an erosion-
corrosion monitoring program for the carbon steel portions of the steam and power
conversion systems that contain water or wet steam. This monitoring program will
address industry guidelines and the provisions included in GL 89-08,
“Erosion/Corrosion-Induced Pipe Wall Thinning.” This is COL Action item 10.3.2-1.

DCD Tier 2, Section 10.3.6.2 indicates that material selection and fabrication
requirements for ASME Code, Section lll, Class 2 and 3 components in the
safety-related portions of the main steam and feedwater systems are consistent with
either the requirements for ASME Class 2 and 3 components or with the staff positions
in RG 1.85. Since the materials meet the criteria of SRP 10.3.6, and since
erosion/corrosion is addressed by selection of resistant materials and by inservice
monitoring, the applicable requirements of GDC 1 are satisfied and thus the staff finds
the material selection acceptable.

DCD Tier 2, Section 10.3.6.2 indicates that conformance with applicable RGs is
described in DCD Tier 2, Section 1.9.1. The staff noted that in DCD Tier 2, Appendix 1A,
“Compliance with Regulatory Guides,” the applicant stated that the AP1000 design
provides an alternative to RG 1.71. Section 5.2.3 of this report includes the staff’s
evaluation of this alternative. DCD Tier 2, Section 1.9.1 indicates that the AP1000
design will comply with RG 1.37 with respect to the prevention of IGSCC in components
fabricated from austenitic stainless steel and nickel-based alloys. Since the AP1000
design conforms with these RGs, the applicable requirements of GDC 1 and Appendix B
to 10 CFR Part 50 are satisfied.

Nondestructive Inspection: DCD Tier 2, Section 10.3.6.2 indicates that DCD Tier 2,
Section 6.6.5 addresses the nondestructive inspection of ASME Code, Section lli,
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Class 2 and 3 components in the safety-related portions of the main steam and
feedwater systems. DCD Tier 2, Section 6.6, indicates that the rules for fabrication
examinations found in Section il of the ASME Code will be followed. Section 6.6 of this
report evaluates this section of the DCD.  Therefore, the fabrication of the materials
specified for use in Class 2 and 3 components will comply with the acceptance criteria of
Section lll of the ASME Code, Paragraphs NB/NC/ND 2550 through 2570 for
nondestructive examination of tubular products. These criteria are in accordanc'e wnh
SRP 10.3.6 and satisfy, in part, the requirements of 10 CFR 50.55a and GDC 1.
Therefore, they are acceptable to the staff.

The staff concludes that the AP1000 steam and feedwater system materials will be

acceptable since they meet the acceptance criteria of SRP 10.3.6 and satisfy the applicable - -
requirements of 10 CFR 50.55a; Appendix A to 10 CFR Part 50, GDC 1 and 35; and

Appendix B to 10 CFR Part 50. .

10.4 cher Features

10.43 Main Condenser

The staff reviewed the design of the main condenser in accordance with Section 10.4.1 of the -
SRP. The acceptability of the system design is contingent upon meeting the requirements of
GDC 60, “Control of Releases of Radioactive Materials to the Environment,” as they relate to
the design of the system to ensure that failures do not result in excessive releases of o
radioactivity to the environment, do not cause unacceptable condensate quallty, and do not
flood areas housing safety-related equnpment

DCD Tier 2, Section 10.4.1 describes the main condenser system of the AP1000 deSIgn DCD
Tier 2, Figure 10.4.7-1 depicts this design. DCD Tier 2, Table 10.4.1-1, “Main Condenser
Design Data,” lists the design parameters of the condenser (such as heat transfer capability,
surface area, design operating pressure, shell-side pressure, circulating water flow, tube-side
inlet temperature, tube-side temperature rise, condenser outlet temperature, condenser tube

material, etc.).

The main condenser system is designed to condense and deaerate the exhaust steam from the
main turbine and provide a heat sink for the turbine system. When the system functions as the
steam cycle heat sink, it receives and condenses ‘exhaust steam from the main turbine and the
turbine bypass system. The main condenser is designed to receive and condense the full-load
main steam flow exhausted from the main turbine. It also serves as a collection point for vents -
and drains from various components of the steam cycle system. Upon actuation of the turbine
bypass system, the main condenser is designed to receive and condense steam bypass flows
of up to 40 percent of the plant's full-load steam flow without either reaching the condenser
overpressure turbine trip setpoint or exceeding the allowable exhaust temperature. In the event
of high condenser pressure or a trip of both circulating water pumps, the turbine bypass valves
are prohibited from opening. If the main condenser is unavailable to receive this flow, the
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steam is discharged to the atmosphere through the main steam power-operated relief valves or
the spring-loaded safety valves.

The main condenser is a non-safety-related and nonseismic component located in the turbine
building. The failure of the main condenser and the resultant flooding will not preclude
operation of any essential system because safety-related equipment is not located in the
turbine building. In addition, water cannot reach the safety-related equipment located in
Category | plant structures. Therefore, the staff finds that the requirements of GDC 60 are met
with respect to preventing flooding of areas housing safety-related equipment due to system
failures.

The main condenser has no significant inventory of radioactive contaminants during normal
operation and plant shutdown. Radioactive contaminants can be obtained through
primary-to-secondary system leakage resulting from steam generator tube leaks. Early
detection of concentrated levels of radioactivity is provided by the MSSS and steam generator
blowdown system (BDS) radiation devices. In addition to this monitoring, radioactive effluent
monitoring equipment is provided in the turbine island vents, drains, and relief system (TDS) at
the combined exhaust of the condenser air removal system (CMS) and the turbine gland seal
system (GSS). The plant operator may secure the discharge of the radioactive effluent upon
detection of a high radioactivity level. Although the design has radioactivity monitors in the
system to detect leakage into and out of the main condenser during normal operation, startup,
and shutdown, the main condenser has no radioactive contaminants inventory. Because the
above systems continuously monitor and detect the radioactivity leakage into and out of the
condenser, GDC 60 is met with respect to failures in the system design that could result in
excessive releases of radioactivity to the environment. Section 11.5 of this report discusses the
radiological monitoring capabilities of the AP1000 design.

The main condenser is not subject to ISl testing. The condenser water boxes are
hydrostatically tested after erection. Condenser shells are tested by the fluorescent tracer
method in accordance with ASME Performance Test Code 19.11. Tube joints are leak tested
during construction and prior to startup.

The system is provided with the following instrumentation and control features to determine and
verify the proper operation of the main condenser:

the main condenser hotwell level control devices

control room indicators and alarms of water levels in the condenser hotwell
control room indicators and alarms of condenser pressure

a turbine trip on high turbine exhaust pressure

temperature indicators for monitoring condenser performance

The main condenser interfaces with the secondary sampling system to permit sampling of the
condensate in the hotwell to determine in-leakage from the circulating water system. Each tube
sheet is also provided with a grab sampling capability. This information helps to identify the
leaking tube bundle. The steps that may be taken to repair a leaking tube bundle include
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(1) isolate the circulating water system from the affected water box while at reduced plant
power, (2) drain the water box, and (3) repair or plug the affected tubes.

The condensate polishing system (CPS) removes corrosion products and ionic lmpuntles from
the condensate system. This allows for continued operation with a “continuous” condenser -
tube leakage of 0.004 liters per minute (L/mln) (0.001 gallons per minute (gpm)) or a “faulted”
leak of 0.4 L/min (0.1 gpm) until repairs can be made or until an orderly shutdown is achieved.
DCD Tier 2, Table 10.3.5-1 provides secondary cycle chemistry guidelines. DCD Tier 2,
Section 10.3.5.5 discusses action levels for abnormal secondary cycle chemistry. Therefore,
the staff finds that the requirements of GDC 60 are met with respect to condenser failures that
do not result in unacceptable condensate quality.

As discussed above the staff reviewed the design of the main condenser in accordance with
Section 10.4.1 of the SRP. On the basis of this review, the staff concludes that the main
condenser system is acceptable and meets the requirements of GDC 60 with respect to the
prevention of excessive releases of radioactivity to the environment resulting from failures in the
system design. The AP1000 design meets this requrrement by providing radioactive monitors
in the system to detect leakage into and out of the main condenser.

10.4.2 Main Condenser Evacuation System

The condenser air removal system (CMS) is responsrble for the evacuation of the main
condenser. The staff reviewed the design of the CMS in accordance with Section 10.4.2 of the
SRP. Acceptabllrty of the design of the CMSis based on meetlng the following GDC as
descnbed in the SRP: -

. GDC 60, as it relates to the CMS desrgn for the control of releases of radroactlve
materials to the environment

. ' GDC 64, “Monitoring Radioactivity Releases,” as it relates to the CMS desrgn for the
monitoring of releases of radloactlve materrals to the env:ronment )

The SRP includes RG 1.33, “Quality Assurance Program Requirements (Operation)," and

RG 1.123, “Quality Assurance Requirements for Control of Procurement of Items and Services .
for Nuclear Power Plants,” in the acceptance criteria. - In addition, the requirements of GDC 60
and 64 may be met by using the guidance contalned in the following RGs and rndustnal
standards:

. RG 1.26, "Quality Group Classifications and Standards for Water-, Steam-, and
Radioactive-Waste-Containing Components of Nuclear Power Plants,” as it relates to
. the CMS quality group classification that may contain radioactive materials but is not
part of the reactor coolant pressure boundary and is not |mportant to safety

. RGs 1.33 and 1.123 as they relate to the QA programs for the CMS components that
may contain radloactrve materlals '
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. The Heat Exchanger Institute’s “Standards for Steam Surface Condensers,” 6th Edition,
as they relate to the CMS components that may contain radioactive materials

The CMS is a non-safety-related system located in the turbine building. All piping is designed
to ANSI B31.1 standards and, consistent with the guidance in RG 1.26, the CMS is in Quality
Group D as listed in DCD Tier 2, Table 3.2-3. Using liquid ring vacuum pumps, the system
establishes and maintains a vacuum in the condenser during startup and normal operation. It
also removes noncondensable gases and air from the two condenser shells of the main
condenser during plant startup, cooldown, and normal operation and exhausts them into the
atmosphere.

The applicant indicated in WCAP-15799, “AP1000 Compliance with SRP Acceptance Criteria,”
that the CMS will conform with eighth edition of the Heat Exchanger Institute’s “Standards for-
Steam Surface Condensers.” In DCD Tier 2, Section 10.4.2.4, the applicant stated that a
performance test will be conducted on each pump in accordance with the “Heat Exchanger
Institute Performance Standard for Liquid Ring Vacuum Pumps.”

WCAP-15799 stated that RG 1.33 is not applicable, and that RG 1.123 has been withdrawn.
RG 1.33 applies only to the operational phase of nuclear power plants. Therefore, the staff will
review COL applications to ensure their conformance with RG 1.33 or an acceptable alternative.
A COL applicant referencing the AP1000 certified design should demonstrate compliance with
RG 1.33 or an acceptable alternative. The applicant includes this COL action as a part of the
overall plant QA program for operation, which is discussed in DCD Tier 2, Section 17.4. This
approach to QA for operation is similar to the approach taken for QA in the radwaste systems
(see Sections 11.2 and 11.3 of this report) because radioactive contaminants can be introduced
to the CMS through primary-to-secondary system leakage resulting from steam generator tube
leakage. The staff agrees with the applicant that RG 1.123 has been withdrawn and is
therefore not applicable to the AP1000 CMS.

Provisions 3 and 5 of the specific acceptance criteria in the SRP recommend a discussion on
the potential for explosive mixtures and provide specific guidance for the system if the potential
exists. DCD Tier 2, Section 10.4.2.2.1, states that the potential for explosive mixtures within the
CMS does not exist.

The MSSS and steam generator BDS radiation devices provide early detection of concentrated
levels of radioactivity. In addition to this monitoring, the TDS provides radioactive effluent
monitoring equipment at the combined exhaust of the CMS and the GSS. The plant operator
may secure the discharge of the radioactive effluent upon detection of a high radioactivity level.
Although the design has radioactivity monitors in the system to detect leakage into and out of
the main condenser during normal operation, startup, and shutdown, the main condenser has
no radioactive contaminants inventory. Radioactive contaminants can only be obtained through
primary-to-secondary system leakage resulting from steam generator tube leaks. Because the
above systems continuously monitor and detect the radioactivity leakage into and out of the
condenser and the operator can control the discharge, GDC 60 and 64 are met with respect to
the control and monitoring of radioactivity releases to the environment. Section 11.5 of this
report discusses the radiological monitoring capabilities of the AP1000 design.
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As discussed above, the NRC staff reviewed the design of the CMS in accordance with
Section 10.4.2 of the SRP, and finds the system conforms to GDC 60 and 64 and is therefore
acceptable.

1 0 4.3 Turblne Gland Seal System

The staff reviewed the design of the GSS in accordance with Sectron 10.4.3 of the SRP,
“Turbine Gland Sealing System.” Acceptability of the desrgn of the GSS i is based on meetrng
the following GDC as descnbed in the SRP '

. GDC 60 as it relates to the GSS desrgn for the control of releases of radloactrve
matenals to the environment : -

. GDC 64 asit relates to the GSS desrgn for the monltorrng of releases of radroactlve
materials to the environment

The SRP includes RGs 1.33 and 1.123 in the acceptance criteria. In addition, the requrrements
of GDC 60 and 64 may be met by usmg the gurdance contalned in the following RGs: '

. RG 1.26, as it relates to the CMS qualrty group classmcatron that may contain
radioactive materials but is not part of the reactor coolant pressure boundary and isnot
important to safety r )

. RGs 1.33 and 1.123, as they relate to the QA programs for the CMS components that
may contain radioactive materials

The GSS is a non-safety-related system designed to prevent air leakage into and steam
leakage out of the casings of the turbine generator.’ The system returns condensed steam to
the condenser and exhausts noncondensable gases into the atmosphere. The system is
designed to detect the presence of radioactive contamination in the gas exhaust. The system

- consists of a steam supply header, steam drains/noncondensable gas exhaust header, two -
motor-driven gland steam condenser blowers, gland seal condenser, vent and drain lines, and
associated piping, valves, and controls. The GSS serves no safety-related function and,
consistent with the guidance in RG 1.26, is in the Quality Group D, as listed in DCD Tier 2
Table 3.2-3.

During the initial startup phase of turbine generator operation, steam is supplied to the GSS
from the auxiliary steam header supplied from the auxiliary boiler. - At times other than initial
startup, GSS steam is supplied from either the auxiliary steam system or from the main steam
system. The GSS is tested in accordance with written procedures during the initial testing and
operation program. The turbine vendor provides testing procedures for the system in its
equipment instruction manuals. - During normal operation, the monitoring of essential
parameters will demonstrate the satisfactory operation of the system components. Pressure
and temperature indicators with alarms are provided for monitoring the operation of the system.
A pressure controller is provided to maintain steam-seal header pressure by providing signals
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to the steam-seal feed valve. The gland seal condenser is monitored for shell-side pressure
and internal liquid level. The TDS provides a radiation detector with an alarm.

WCAP-15799 stated that RG 1.33 is not applicable, and that RG 1.123 has been withdrawn.
RG 1.33 applies only to the operational phase of nuclear power plants. Therefore, the staff will
review COL applications to ensure their conformance with RG 1.33 or an acceptable alternative.
A COL applicant referencing the AP1000 certified design should demonstrate compliance with
RG 1.33 or an acceptable alternative. The applicant includes this COL action as a part of the
overall plant QA program for operation, which is discussed in DCD Tier 2, Section 17.4. This
approach to QA for operation is similar to the approach taken for QA in the radwaste systems
(see Sections 11.2 and 11.3 of this report) because radioactive contaminants can be introduced
to the GSS through primary-to-secondary system leakage resulting from steam generator tube
leakage. The staff agrees with the applicant that RG 1.123 has been withdrawn and is
therefore not applicable to the AP1000 GSS.

The mixture of noncondensable gases discharged from the gland steam condenser blower is
not normally radioactive; however, in the event of significant primary-to-secondary system
leakage resulting from a steam generator tube leak, it is possible for the mixture discharged to
be radioactively contaminated. The discharge line vents to the TDS, which contains a radiation
monitor for the detection of radioactivity. Upon detection of unacceptable levels of radiation,
operating procedures are implemented. Section 11.5 of this report discusses the radiological
monitoring capabilities of the AP1000 design. Because the above systems continuously
monitor and detect the radioactivity, and because operating procedures may be implemented to
control unacceptable levels of radiation, GDC 60 and 64 are met with respect to the control and
monitoring of radioactivity releases to the environment.

As discussed above, the staff reviewed the design of the GSS in accordance with
Section 10.4.3 of the SRP. The system conforms to GDC 60 and 64 and is therefore
acceptable.

10.4.4 Turbine Bypass System

The staff reviewed the design of the turbine bypass system in accordance with Section 10.4.4
of the SRP. The acceptability of the system design is based on meeting the following GDC as
described in the SRP:

. GDC 4, as it relates to the system being designed such that a failure of the system (due
to a pipe break or system malfunction) does not adversely affect safety-related systems
or components

. GDC 34, as it relates to the ability to use the turbine bypass system for shutting down
the plant during normal operations by removing residual heat without using the turbine
generator

The turbine bypass system, which is also called the steam dump system, provides the capability
to direct main steam in a controlled manner from the steam generators bypassing the turbine to
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the main condenser to dissipate heat and to minimize transient effects on the reactor coolant
system (RCS) dunng startup, hot shutdown, cooldown and step- -load reductlons in generator
loads.

The turbine bypass system consists of a manifold connected to the main steamlines located
upstream of the turbine stop valves and lines from the manifold, with regulating valves, to each
condenser shell. The turbine bypass valves are globe valves and are electropneumatically
operated. The bypass valves will fail to a closed position upon loss of air or electrical signal.” A
modulating posmon responds to the electrical signal from the control system and provides the
appropriate air pressure to the valve actuator for modulatmg the valves open.

Solenoid valves located in the air line to each bypass valve actuator open and close the bypass
valve and serve as protective interlocks for bypass valve actuation for tripping the valve open or
closed. Two of the blocking solenoid valves for each turbine bypass valve are redundant and
prevent bypass valve actuation upon low RCS average temperature (T,,,). This minimizes the
possibility of excessive RCS cooldown. However, the a low T,,, block can be manually
bypassed for two of the bypass valves to allow operation during plant cooldown. Another
blocking solenoid valve prevents actuatlon of the bypass valve when the condenser is not
available. :

The turbine bypass system has two modes of operation, (1) T,,, control and (2) pressure
control modes. DCD Tier 2, Section 10.4.4.3 discusses the system operatlon The design
basis of the turbine bypass system is to eliminate challenges to the main steam power-operated
relief valves, main steam safety valves, and pressurizer safety valves during a reactor trip from_
100 percent power or a 100 percent load rejection, or a turbine trip from 100 percent power -
without a reactor trip. The turbine bypass system meets its power generation design basis with
its ability to bypass 40 percent of the full-load main steam flow to the main condenser. The
system's total flow capacity, in combination with bypass valve response time, RCS design, and
reactor control system response is suffrcnent to meet its design baS|s

For load rejections greater than 10 percent but Iess than 50 percent, or a turblne trip from

50 percent power or less, the turbine bypass system operates with the NSSS control systems to
meet the design-basis requirements for heat removal.‘ For power changes less than or equal to
a 10 percent change in electrical load, the turbine bypass system is not actuated. The total
power change is handled by the power control, the pressurizer level and pressure control, and
the steam generator level control systems. Therefore, the staff concludes that the system is
designed to enable sufficient steam to be bypassed to the main condenser so that the plant can
be shutdown during normal operation without using the turbine generator. The system
therefore meets GDC 34 of Appendix A to 10 CFR Part 50 with respect to the ability to use the
system for shuttlng down the plant dunng normal operatlons

In DCD Tier 2, Section 10.4.4.5, the appllcant stated that the turbme bypass’ valves will be
tested for operability and the system will by hydrostatrcally tested to confirm leak tightness
before the turbine bypass system is placed in service. The bypass valves may be tested while
the unit is in operation. System piping and valves are accessible for inspection. The turbine
bypass system except for the turbine bypass valves does not require S| and testing.
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The failure of a turbine bypass high-energy line will not disable the turbine speed control
system. The turbine speed control system is designed such that its failure will cause a turbine
trip. 1If the bypass valves fail open, an additional heat load is placed on the condenser. If this
load is great enough, the turbine is tripped on high condenser pressure. Turbine rupture discs
provide ultimate overpressure protection for the condenser. If the bypass valves fail closed, the
power-operated relief valves permit a controlled cooldown of the reactor. DCD Tier 2,

Chapter 15 addresses the effects of credible single failures of the turbine bypass system on the
NSSS.

The high-energy lines of the turbine bypass system are located in the turbine building, which is
a nonseismic category building. No safety-related equipment is located within the turbine
building or near the turbine bypass system. Therefore, the staff concludes that the turbine
bypass system complies with the requirements of GDC 4 regarding the adverse effects of a
pipe break or malfunction on those components of the system necessary for shutdown or
accident prevention or mitigation because such components do not exist in the turbine building.

The turbine bypass system includes all components and piping from the branch connection at
the main steam system to the main condensers. The scope of review of the turbine bypass
system for the AP1000 design included layout drawings, P&IDs, and descriptive information for
the turbine bypass system and the auxiliary supporting systems that are essential to its
operation.

The basis for accepting the design, design criteria, and design bases of the turbine bypass
system is their conformance to GDC 4 and 34 of Appendix A to 10 CFR Part 50 as explained
below:

. The AP1000 design meets the requirements of GDC 4 with respect to the system’s
ability to allow a safety shutdown despite a failure of the turbine bypass system.

. The AP1000 design meets the requirements of GDC 34 with respect to the ability to use
the turbine bypass system to shut down the plant during normal operations. The turbine
bypass system is designed such that sufficient steam can be bypassed to the main
condenser so that the plant can be shutdown during normal operations without using the
turbine generator.

Based on the above, the staff concludes that the design of the turbine bypass system conforms
to Section 10.4.4 of the SRP and meets the requirements of GDC 4 and 34.

10.4.5 Circulating Water System

The NRC staff reviewed the CWS in accordance with Section 10.4.5 of the SRP. Acceptability
of the system as described in the DCD, is based on meeting the requirements of GDC 4, as
they relate to provisions in the AP1000 design to accommodate the effects of discharging water
that may result from a failure of a component or piping in the CWS. Compliance with GDC 4 is
based on meeting the relevant acceptance criteria specified in the SRP, such as the following
requirements:
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. means to prevent, detect, and control flooding of safety -related areas due to leakage

from the CWS
. means to prevent adverse effects of malfunctlon or farlure of CWS plprng on tunctlonal

capabrlmes of the safety-related systems or components a
. " control of water chemrstry, corrosron and orgamc foulrng in the CWS

The CWSisa non-safety—related system desrgned to provide a contmuous cooling water supply
to the main condenser, the heat exchangers of the turbine building closed cooling water system
(TCS), and heat exchangers for the condenser vacuum pump seal water under all modes of ~
power operation and design weather conditions. The system consists of three, 33'/;-percent-
capacity circulating water (CW) pumps (mounted in an intake structure), one hyperbolic
natural-draft cooling tower, and associated valves, piping, and instrumentation. - Since the
design of the CWS may vary from site to site, DCD Tier 2, Section 10.4.5.2.1 states that the -
CWS and cooling tower are subject to site-specific modification or optimization." The COL
applicant will determine the final system confrguratlon DCD Tier 2, Table 10.4.5-1 provrdes
CWS desrgn data based ona conceptual desrgn St

The DCD states that the reference desrgn has been evaluated to verify that postulated CWS
failures have no adverse impact on any safety-related SSCs. A postulated CWS line break in
the yard area or a failure of the cooling tower basin has no detrimental effect on safety-related -
SSCs. The cooling tower will be located sufficiently distant from the nuclear island structures
so that its postulated collapse does not affect equipment, components, or systems required for
safe shutdown of the plant. The site is graded to drain water away from the seismic Category |
structures. The seismic Category | structures below grade are protected from flooding by '
waterproofing systems and water stops. - The COL applicant is responsible for determining the -
system contlguratlon and may modify the desrgn to meet srte-specrflc requrrements

The coollng tower, which serves as a heat smk for the CWS, is site specrflc inits descnptron
the DCD provides a reference design using a hyperbolic natural draft structure. The cooling
tower cools circulating water by discharging the water over a network of baffles in the tower.
The water then falls through fill material to the basin beneath the tower, so that heat is rejected
to the atmosphere. The cooling tower basin serves as a storage facility for the circulating water
inventory and allows the cooling tower to be bypassed during cold weather operations. The
bypass is used only during plant startup in cold weather, or to maintain the CWS temperature .
above 4.4 °C (40 °F) while operating at partial load during periods of cold weather. The raw -
water system supplies makeup water to the cooling tower basin for the water losses in the
CWS. The makeup and blowdown control valves regulate the makeup to and blowdown from
the CWS.

In'DCD Tier 2, Table 10.4.5-1, the applicant specifies that the circulating water temperature
from the cooling tower to the condenser is 32.2 °C (90 °F) when the wet bulb temperature is at
26.7 °C (80 °F) during limiting site conditions. Because the water temperature in the cooling
tower varies with weather conditions, the circulating water temperature to the condenser will
change accordingly. Higher circulating water temperature results in increased pressure in the
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condenser due to a decreased rate of steam condensation. Site-specific analysis will
accommodate specific site conditions that exceed the wet bulb temperature of 26.7 °C (80 °F)
and will be used to adjust cooling system capability.

Three CW pumps take suction from the CW intake structure and circulate the water through the
TCS, the condenser vacuum seal water heat exchangers, and the tube side of the main
condenser and discharge to the cooling tower. The underground portion of the CWS piping is
concrete pressure pipe; the rest is carbon steel pipe that is coated with a corrosion preventive
compound inside the pipe. DCD Tier 2, Section 10.4.5.2.2 states that the CWS piping,
expansion joints, butterfly valves, condenser water boxes, and tube bundles are designed for a
maximum pump discharge pressure of 414 kPa (60 pounds per square inch gauge (psig)).

The effects of flooding due to a CWS failure, such as a rupture of an expansion joint, will not
result in detrimental effects on safety-related equipment because the turbine building does not
house safety-related equipment. A small CWS leak in the turbine building will drain into the
waste water system. A large CWS leak due to pipe failure will be indicated in the control room
by a gradual loss of vacuum in the condenser shell. The base slab of the turbine building is
located at grade elevation. Water from a system rupture will run out of the building through a
relief panel in the west wall of the turbine building reference plant before the water level could
rise high enough to cause damage.

Circulating water chemistry is maintained by the turbine island chemical feed system and
controlled by the cooling tower blowdown and chemical addition. The chemicals can be divided
into six categories based on whether they are a biocide, algicide, pH adjustor, corrosion
inhibitor, scale inhibitor, or a silt dispersant. Site water conditions will determine the use of
these specific chemicals. The COL applicant will determine the use of the specific chemicals in
the CWS chemistry control. (See Section 10.5 of this report for COL action items.)

In DCD Tier 2, Section 10.4.5.2.3, the applicant states that when the condenser is not available
due to a malfunction of the CW pumps, cooling tower, or the CW piping, cooldown of the
reactor may be accomplished by using the power-operated atmospheric steam relief valves or
safety valves, rather than the turbine bypass system. The staff concurs with this alternate -
cooldown method because the turbine bypass system will not function during accident
conditions and the CWS is not required for safe shutdown following an accident.

On the basis of its review, the staff concludes that the design of the CWS meets the
requirements of GDC 4, with respect to the effects of discharging water that may result from a
failure of a component or piping in the CWS. Acceptance is based on the following design
provisions:

. The CWS is designed to prevent flooding of safety-related areas so that the intended

safety function of a system or component will not be precluded due to leakage from the
Cws.
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. The CWS is designed to detect and control flooding of safety-related areas so that the
intended safety function of a system or component will not be precluded due to leakage
from the CWS.

. Malfunction of a component or piping ot'the'CWS, including an expansion joint, will not

have unacceptable adverse effects on the functional performance capabilities of
safety-related systems or components

Therefore, the staff concludes that the desngn of the CWS meets the guidelines of SRP 10.4.5.
10.4.6 Condensate Polishing System

The staff reviewed DCD Tier 2, Section 10.4.6, “Condensate Polishing System,” in accordance
with Section 10.4.6, “Condensate Cleanup System,” of the SRP. The condensate polishing
system (CPS) is acceptable if it prevents adverse chemistry conditions that could degrade the
primary coolant boundary integrity. The CPS does not perform any safety-related function.

The CPS is used to remove corrosio‘n‘products and ionic impurities from the condensate
system during plant startup, hot standby, power operation with abnormal secondary cycle
chemistry, safe shutdown and cold shutdown operations.

The major components of the CPS mclude the follownng.

deep bed mixed resin pohsher
resin trap

spent resin trap

resin addmon hopper and eductor

One-third of the condensate is directed to one of two pohshmg vessels which are plped in
parallel. A second polisher is on standby or in the process of being cleaned, emptied, or
refilled. The two polishing vessels contain mixed-bed, ion exchange resin with a strainer
installed downstream of each vessel. The stralners are used to prevent the release of resin
beads into the feed system ,

The staff evaluated the design and operatlonal requirements of the CPS and concluded that it
meets the intended function of maintaining secondary coolant quality by including the -
necessary components to remove dissolved and suspended impurities which may be present in
the condensate during normal operatron and antucupated operatlonal occurrences.

The staff's review has determined that whlle the CPS does not serve any safety-related
function, its design is acceptable in meeting the intended function of maintaining secondary
coolant quality by including the necessary components to remove dlssolved and suspended
|mpunt|es which may be present in the condensate ,
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10.4.7 Condensate and Feedwater System

The staff reviewed the condensate and feedwater system (CFS) in accordance with
Section 10.4.7, “Condensate and Feedwater System,” of the SRP. Conformance with the
acceptance criteria of the SRP forms the basis for concluding that the CFS satisfies the
following criteria:

. GDC 2, with respect to withstanding the effects of natural phenomena (such as
earthquakes, tornados, and floods)

. GDC 4, with respect to withstanding the effects of possible fluid flow instabilities (such
as water hammers) A

. GDC 44, “Cooling Water,” with respect to the capability to transfer heat loads from the
reactor system to a heat sink under both normal operating and accident conditions

. GDC 45, “Inspection of Cooling Water System,” with respect to permitting periodic I1SI of
systems, components, and equipment

. GDC 46, “Testing of Cooling Water System,” with respect to design provisions to permit
functional testing of the system and components for structural integrity and
Jeaktightness

The CFS provides a continuous feedwater supply to the steam generators and is composed of
piping and components from the condensate system, main feedwater system, and portions of
the steam generator system. The condensate system collects condensed steam from the
condenser and pumps the condensate to a deaerator. The deaerator removes dissolved gases
from the condensate to provide a source of high-quality heated feedwater supply. A main
feedwater line takes suction from the deaerator and supplies heated feedwater to each of the
two steam generators during all modes of plant operation.

The CFS contains three, 50-percent-capacity motor-driven condensate pumps and three
motor-driven feedwater pumps. Two condensate pumps are required during power operation.
The spare condensate pump will start automatically upon loss of one of the normally running
condensate pumps and/or low condensate header discharge pressure. The three main
feedwater pumps take suction from the associated feedwater booster pumps which draw water
from the deaerator storage tank. Westinghouse states in the DCD that the feedwater pump,
condensate pump, and the pump control systems are designed so that loss of one
booster/main feedwater assembly or one condensate pump does not result in a trip of the
turbine generator or reactor.

The safety-related isolation function of the CFS is accomplished by redundant means. A single
active component failure of the safety-related portion of the system does not compromise the
safety function of the system. DCD Tier 2, Table 10.4.7-1 provides the failure analysis results
for those occurrences that lead to reduced heat transfer in the steam generators. DCD Tier 2,
Section 15.3 evaluates the loss of all feedwater.
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Each main feedwater line to the steam generator contains a feedwater flow element, a main
feedwater isolation valve (MFIV), a main feedwater control valve (MFCV), and a check valve. -
The MFIVs, installed in each of the two feedwater lines outside the containment, are used to
prevent uncontrolled blowdown from the steam generators in the event of a feedwater line
break.- The MFCVs (located in the auxiliary building) are used to control feedwater tlow rate to
the steam generator during normal operation and to provide a backup isolation to limit
high-energy fluid addition through the broken loop in the event of a main steamline break. The
feedwater check valves (located outside the containment) provide backup isolation to prevent
reverse flow from the steam generators whenever the feedwater pumps are tripped. The check
valves prevent blowdown from more than one steam generator in the event of a feedwater line
break, while the ESF signal is generated to isolate the MFIV and MFCV.

On the basis of the above discussion, the staff finds that the CFS is capable of supplying
sufficient feedwater to the steam generators as required during normal operation.- The AP1000
design also mcorporates appropnate redundancy for contamment and feedwater isolation.

The feedwater system does have a connection with the startup feedwater system but does not
have the safety function to transfer heat under accident conditions and, therefore, GDC 44 is
not appllcable

During normal plant operation, as well as during plant upset or accident conditions, possible
fluid flow instabilities in the feedwater piping that could occur when flow is entering the steam
generator may cause water hammer in the system piping. Generic Safety Issue (GSI) A-1 was
raised after the occurrence of various incidents of water hammer in operating plants that - - -
involved steam generator feedrings and feedwater piping. The staff reviewed the dynamic " :
effects associated with possible water hammers in the feedwater piping for compliance with the
requirements of GDC 4. Acceptance is based on meeting the guidance contained in BTP

ASB 10-2, “Design Guidelines for Avoiding Water Hammer in Steam Generators,” with respect
to feedwater-control-induced water hammer. Specifically, BTP ASB 10-2 recommends that the
CFS be desrgned to achleve the followmg prov13|ons

. " prevent or delay water dralmng from the feednng followmg a drop in steam generator
water level
. minimize the volume of feedwater piping external to the steam generator which could

pocket steam using the shortest honzontal run of inlet plplng to the feedring -

. perform tests, acceptable to the NRC to venfy that unacceptable feedwater hammer will
not occur and provide test procedures for staff approval ‘

e implement pipe refill flow limits where practical

10-31



Steam and Power Conversion System

The applicant states in the DCD that the potential for water hammer in the feedwater line would
be minimized by the improved design and operation of a feedwater delivery system with the
following features:

. The main feedwater pipe connection on each of the steam generators is the highest
point of each feedwater line downstream of the MFIV, and the feedwater lines contain
no high point pockets that could trap steam.

. The feedwater enters the steam generator at an elevation above the top of the tube
bundle through a feedwater nozzle and below the normal water level by a top discharge
feedring.

. The feedwater enters a feedring via a welded thermal sleeve connection and leaves it

through nozzles attached to the top of the feedring.

. The feedwater line connected to the steam generator is a short, horizontal or downward
sloping feedwater pipe at the steam generator inlet which will help keep the feedring full
of water.

. Operational limitations on flow to recover steam generator levels and on early feedwater

flow into the steam generator to maintain the feedring full of water will minimize the
potential for water hammer occurrence.

DCD Tier 2, Section 5.4.2.2 states that these features will prevent the formation of steam
pockets during steam generator low level conditions and will minimize the potential for trapping
pockets of steam that could lead to water hammer events. The top discharge of the feedring,
through the nozzles, will help to reduce the potential for vapor formation in the feedring. The
heated feedwater will reduce the potential for water hammer in the feedwater piping or steam
generator feedrings.

The staff reviewed the DCD using the guidance of BTP ASB 10-2 and finds that the cited
design features would minimize, but not necessarily eliminate, water hammer occurrence in the
AP1000 feedwater system design. DCD Tier 2, Section 14.2 describes the initial test program
which includes flow testing to detect possible feedwater hammer in the feedwater piping.

The staff concludes that the CFS design meets the requirements of GDC 4 with respect to
testing for water hammer occurrence. Sections 3.5 and 3.6 of this report provides the staff's
evaluation of the CFS to conform to GDC 4 with respect the effects of missile and high-energy
line breaks on the system.

The staff reviewed the CFS for compliance with the requirements of GDC 2. Compliance with
the requirements of GDC 2 is based on adherence to Position C.1 of RG 1.29, for the
safety-related portion of the system, and Position C.2 for the non-safety-related portion of the
system. The DCD indicates that the CFS is non-safety-related and serves no safety function
except for that portion of the feedwater piping routed into containment that requires
containment and feedwater isolation. The portion of the feedwater system from the steam
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generator inlets outward through the containment and up to, and including the MFle is
safety-related and performs the following safety-related functlons

. automatically isolates the main feedwater flow to the steam generators when itis
'requnred to mltlgate the consequences of a steamhne or feedwater line break

. provides a barrier against the release of contamment atmosphere dunng a
loss-of-coolant accident

. - serves as a boundary for ensuring that steam generator Ievels can be mamtamed when
- the main feedwater pumps are not avallable :

The safety- related portion of the CFS is required to remain functlonal after a design-basis
accident to provide containment and feedwater isolation. This portion of the system will be
designed and tested in accordance with the reqmrements of Section Il of the ASME Code for -
Class 2 components. This requires the CFS to be seismic Category | and to be protected from
wind, tornado, missile, and dynamic effects. - The non-safety-related portion of the CFS, from
the MFIV inlets to the piping restraints at the interface between the auxiliary building and the
turbine building, is designed in accordance with the requrrements of Section Ill of the’ASME
Code for Class 3 components. This portion is seismic Category I. Therefore, the CFS desrgn
is consistent with the guidance of RG 1.29, Position C.1, for safety-related portrons and
Position C.2 for non-safety-related portions of the system. Based on this review, the staff
concludes that the CFS design satisfies the guidance in the SRP for meeting the requrrements
of GDC 2, as they relate to protecting the system against natural phenomena.

The AP1000 design can be used at either single-unit or multiple-unit sites. Criterion 5 of DCD ‘-
Tier 2, Section 3.1.1, states that the AP1000 design is a single-unit plant. If more than one unit
were built on the same site, none of the safety-related systems would be shared. Should a
multiple-unit site be proposed, the COL applicant must apply for the evaluation of the units’
compliance with the requirements of GDC 5 with respect to the capability of shared systems
and components important to safety to perform their required safety functions. A COL applicant
must comply with GDC 5 for a multiple-unit site; therefore, the staff finds that the requirements
of GDC 5 are satisfied as they relate to whether shared SSCs important to safety are capable
of performing required safety functions.

The DCD states that both the safety-related and non-safety-related portions of the feedwater
system are designed and configured to accommodate IS in'accordance with Section Xl of the
ASME Code. Therefore, GDC 45 is satisfied with respect to permitting periodic ISI of system
components and equipment. The DCD also states that the feedwater system is designed so
that the active components are capable of limited testing during plant operation. Therefore, _
GDC 46 is satisfied with respect to design provisions to permit appropriate functional testing of -
the system and components to assure structural integrity and leak tightness. Section 6.6 of this
report provides the NRC staff’s evaluation of the CFS wrth respect to perrodrc ISI of the o
system's components and equrpment ' :

<
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On the basis of its review, the statf concludes that the design of the CFS meets the NRC
regulations set forth in GDC 2, 4, 44, 45, and 46 and is, therefore, acceptable. The following
provides the basis for this conclusion:

. The AP1000 meets the requirements of GDC 2 with respect to the system’s ability to
withstand the effects of earthquakes by meeting RG 1.29, Position C.1, for the
safety-related portion of the system, and RG 1.29, Position C.2 for the
non-safety-related portion of the system.

. The AP1000 meets the requirements of GDC 4 with respect to the dynamic effects
associated with possible fluid flow instabilities by designing and testing the feedwater
system in accordance with the guidance contained in BTP ASB 10-2, thereby eliminating
or reducing the possibility of water hammers in the feedwater system.

. The AP1000 does not have to meet the requirements of GDC 44 because the design
does not have a safety-related auxiliary feedwater system to provide flow to the steam
generator via the feedwater system during accident conditions for decay heat removal.

. The AP1000 meets the requirements of GDC 45 and GDC 46 because the
safety-related portions of the system are accessible for inspection and the active
components are capable of limited testing during power operation in accordance with
the plant’s TS.

10.4.8 Steam Generator Blowdown System

The staff reviewed DCD Tier 2, Section 10.4.8, “Steam Generator Blowdown System,” in
accordance with Section 10.4, “Steam Generator Blowdown System,” of the SRP. The steam
generator blowdown system (SGBS) is acceptable if it satisfies the following requirements:

. GDC 1, as it relates to the quality standards for system component design, fabrication,
erection and testing

. GDC 2, as it relates to the design of system components to withstand the effects of
natural phenomena such as earthquakes (i.e., seismic Category | requirements)

. GDC 14, “Reactor Coolant Pressure Boundary,” as it relates to the use of secondary
water chemistry control to maintain the integrity of the primary coolant boundary material

GDC 1 is met through RGs 1.26 and 1.143, “Design Guidance for Radioactive Waste
Management Systems, Structures, and Components Installed in Light-Water-Cooled Nuclear
Power Plants.”

DCD Tier 2, Section 3.7, “Seismic Design,” discusses the safety-related portion of the SGBS

associated with high-energy pipe break location and evaluation. The corresponding section in
this report evaluates this portion of the SGBS against GDC 2, ensuring that it is classified as
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seismic Category | and designed to wnthstand a safe shutdown earthquake as dellneated in -~
RGs 1 29 and 1. 143

The primary functnon of the SGBS is to remove’ secondary s;de impurities of the steam
generator, thus assisting in maintenance of acceptable secondary-side water chemistry in the
steam generators. DCD Tier 2, Section 9.3.4, “Secondary Sampling System,” discusses the
portion of the SGBS related to secondary water chemistry control. Section 9.3.4 of this report
evaluates this portion of the SGBS against GDC 14, ensuring that secondary water chemistry is
maintained to avoid corrosion-induced failure of the reactor coolant pressure boundary (RCPB)
and that the probability of leakage from a rapldly propagatmg failure of the RCPB does not
|ncrease durlng the llfe of the plant o

The SGBS consnsts of two blowdown trams one for each SG. A crosstle is prowded to process
blowdown from both SGs through both heat exchangers during high-capacity blowdown from
one SG. The blowdown water is extracted from each SG from a location just above the
tubesheet.: The blowdown from each SG is cooled by a regenerative heat exchanger, and flow
is controlled and pressure reduced by a blowdown flow control valve. To recover the thermal
energy, the condensate system provides cooling for the heat exchangers. To recoverthe -
blowdown fiuid,-each blowdown train has an electrodeionization (EDI) demineralizing unit which
removes impurities from the blowdown flow. Downstream, two trains combine into a common
header that contains a relief valve for overpressure protection for the low-pressure portion of
the system. A backpressure control valve maintains pressure in the system between the flow - -
control valve and the backpressure control valve. ‘A pump is provided to drain the secondary -
side of the SG and for recirculation during low-pressure SG wet layup and cooling operations.’
System isolation under normal operating and transient conditions is accomplished by two
isolation valves which close on actuation of the passive residual heat removal system,
containment isolation, or high blowdown system radiation, temperature, or pressure. = -

Durmg normal operation, the blowdown flowrate varies from a minimum of 0.06 percent to a
maximum of about 0.6 percent of the maximum steaming rate. During this time, when
impurities are low, the expected blowdown rate is approximately 0.1 percent of the maximum
steaming rate (about 114 L/min (30 gpm) total or 57 L/min (15 gpm) per SG), which maximizes -
the detection sensitivity for condenser tube leakage. In the event of main condenser tube -
leakage, when the concentration of impurities is high, the blowdown rate is increasedto a’
maximum of approximately 0.6 percent of the maximum steaming rate (about 643 L/min (170-
gpm) total or 322 L/min (85 gpm) per SG). Normal operation is to recover the blowdown flow
through the condensate system. However, blowdown wnth high Ievels of impurities can be
discharged to the waste water system :

The staff also rewewed the SGBS as it relates to water chemlstry contro| (l e., its ablllty to
remove particulate and dissolved impurities from the secondary side of the SG) The -
components within this system and the continuous high-flow blowdown are designed to control
the concentration of impurities. - In addition, Section 9.3.4 of this report discusses the NRC
staff's evaluation of the secondary sampling system (SSS) further.
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Based on the discussion provided by the applicant and the staff evaluation in Section 9.3.4 of
this report, the staff determined that the design of the SGBS ensures that secondary water
chemistry will be controlled to avoid corrosion-induced failure of the RCPB. In addition, the staff
determined that sufficient blowdown flow exists to maintain secondary coolant chemistry during
normal operation and anticipated operational occurrences.

Since the SGBS is considered an extension of the primary containment, this system is
classified as seismic Category | and Quality Group B from its connection to the SG inside the
primary containment, up to, and including, the first isolation valve outside the containment, in
accordance with RGs 1.26 and 1.29. In addition, the SGBS downstream of the outer
containment isolation valves, up to and including, the piping anchors located at the auxiliary
building wall, are designed in accordance with the requirements of Class 3 of Section Il of the
ASME Code and seismic Category | requirements. Piping downstream of the auxiliary wall
anchors is not safety-related and not seismic Category I; nevertheless, the piping and
components of this system meet the quality standards of Position C.1.1 of RG 1.143 because
(1) the components are designed and tested to the requirements set forth in the codes and
standards listed, (2) the materials are compatible with the chemical, physical, and radioactive
environment during normal conditions and anticipated operational occurrences, and (3) the
foundations and walls housing these components are designed to the criteria for natural
phenomena and internal and external man-induced hazards. The NRC staff concludes that by
meeting the regulatory positions in RGs 1.26, 1.29, and 1.143, the AP1000 design satisfies
GDC 1 and 2 with respect to maintaining the system pressure boundary. Further, the staff
determined that the design of the SGBS includes the appropriate components, in addition to an
adequate blowdown flow rate, to control the concentration of impurities during normal operation
and anticipated operational occurrences. This satisfies GDC 14.

10.4.9 Startup Feedwater System

The AP1000 plant does not have a safety-related auxiliary feedwater system. Instead, a
non-safety-related startup feedwater system (SFS) is used to supply feedwater to the steam
generators during startup, hot standby, cooldown, and the unavailability of main feedwater
pumps. The SFS is not required to supply feedwater under accident conditions, but the system
is expected to be available as a non-safety-related first line of defense to provide a source of
feedwater in loss of feedwater events. The safety-related passive core cooling system (PXS)
will provide safety-grade protection for such events. Therefore, the operation of the SFS will
not be credited to mitigate a design-basis accident, as described in DCD Tier 2, Chapter 15.

Because the passive design philosophy departs from current licensing practice, the NRC staff
may not require the non-safety-related active SFS to meet all the safety-related criteria
specified in Section 10.4.9, “Auxiliary Feedwater System,” of the SRP. However, the availability
of the system must be ensured when needed for its defense-in-depth roles. Consequently,
regulatory oversight measures are considered for those significant non-safety active systems.
The staff’s review considered whether the design of the startup feedwater system:

. has sufficient redundancy to ensure defense-in-depth functions
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. has electric supplies from both normal station alternating current (ac) and onsite
non-safety-related ac power supplies that are separated to the extent practicable

. is designed and arranged for condmons oran envnronment antrcrpated during and after
events to ensure operab:hty, malntenance accessrbrhty, and plant recovery

. is protected agamst mternal floodrng and other in-plant hazards, mcludlng the effects of
pipe ruptures, jet impingement, fires, and missiles :

e - can withstand the effects of natural phenomena (e.g., earthquakes, tornados, and

: ﬂoods) wrthout the loss of capablllty to perform required functions '
. has an assomated QA program
. is included in the design reliability assurance program (DRAP) and is under the scope of

the Maintenance Rule (10 CFR 50.65) to ensure proper and effectrve maintenance,
'survelllance and inservice mspectron and testlng

. has graded safety classrfrcatrons and graded requrrements for |nstrument and control
- systems based on the tmportance to safety of therr function and their abmty to meet
rehablhty avallablhty mlssrons , : ,

. has proper admlmstratlve controls for shutdown configurations

. is consistent with guidance in RG 1.29, BTP ASB 10-1, and BTP SRXB 5-1 concerning
seismic classmcatlon power drversrty and desrgn of resrdual heat removal systems

. is consistent WIth gurdance in NUREG 0737, “Clanhcatlon of TMI Actron Plan -
"~ Requirement,” and NUREG-0611 concerning generic |mprovements to the startup
feedwater system design, TS, and SFS rellablllty :

The SFS has two tralns that share common suction and discharge plpmg Two parallel startup
‘feedwater pumps are provided with a single pump capable of satisfying the SFS flow demand
for decay heat removal. Each of the two tralns contalns a 100 percent capacrty, motor-dnven
startup feedwater pump. - . . .

During normal startup and shutdown operatrons the two startup feedwater pumps take suction
from the condensate storage tank to supply feedwater to the two steam generators. In the
event of loss of offsite power that results in a loss of main feedwater supply, the SFS
automatically supplies feedwater to the steam generators to cool down the reactor under
emergency shutdown conditions. The startup feedwater pumps automatically start following the
loss of main feedwater flow in conjunction with an intermediate low steam generator level
setpoint. The startup feedwater flow transmitters also provide a redundant indication of startup
feedwater and automatic safeguards actuation |nput on low flow comcrdent wnth a Iow
narrow-range steam generator level. , : f
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Each of the two startup feedwater pumps and their associated instruments and electric valves
are powered by the standby source motor control center circuit. The pump discharge isolation
valves are motor-operated and are normally closed and interlocked with the startup feedwater
pumps. Inthe event of loss of offsite power, the startup feedwater pumps will be powered by
the onsite standby power supply (diesels). If both the normal ac power and the onsite standby
ac power are unavailable, these valves will fail “as is.” The pump suction header isolation
valves are pneumatically actuated. The SFS also has temperature instrumentation in the pump
discharge that would permit monitoring of the SFS temperature.

On the basis of the above discussion, the staff finds that the startup feedwater pumps possess
diversity in motive power source with an electric supply from both normal station ac and onsite
non-safety-related ac power supplies that are separated. Therefore, the staff concludes that
the design of the startup feedwater pumps meets the redundancy and power source review
criteria.

DCD Tier 2, Chapter 14 describes preoperational testing of the SFS. Each startup feedwater
pump is equipped with a recirculation line to the demineralized water storage tank for periodic
functional testing. When one pump is being tested, the other pump will remain available for
automatic operation. Currently, the standard TS require periodic surveillance tests of the
auxiliary feedwater pumps and their associated flow trains for the operation plants. TS 3.7.7 in
DCD Tier 2, Section 16.1 was provided for the startup feedwater isolation valves and control
valves because they are safety-related. DCD Tier 2, Section 3.9.6 describes the inservice
testing program for the SFS.

Item I.LE.1.1 of NUREG-0737 recommends that all operating pressurized-water reactors
perform auxiliary feedwater system reliability analysis. GSI 124 addresses the use of
probabilistic risk assessment (PRA) to evaluate the reliability of the auxiliary feedwater system.
SECY-93-087, “Policy, Technical, and Licensing Issues Pertaining to Evolutionary and
Advanced Light-Water Reactor (ALWR) Designs,” provides the interim position on the reliability
assurance program applicable to AP1000 design certification. Accordingly, the applicant
performed reliability analysis for the main and startup feedwater systems that was addressed in
Appendix C8 of the AP1000 PRA.

The applicant also performed a startup feedwater system component failure analysis, with the
results identified in DCD Tier 2, Table 10.4.9-1. This tables list several cases in which startup
feedwater flow was not available to the steam generator. The analysis indicates that failure of
the startup feedwater supply has no effect on the function of the RCS.

The SFS has no safety-related function other than containment and startup feedwater isolation.
The portion of the SFS piping that penetrates the containment from the startup feedwater
isolation valve (SF1V) to the connection at the steam generator is safety-related, and is required
to perform safety functions, such as containment isolation, steam generator isolation, and
feedwater isolation, following a design-basis accident. This portion of the piping is designed in
accordance with the requirements of Section lil of the ASME Code for Class 2 components and
is seismic Category I. The portion of the SFS piping from the SFIV inlets to the pipe restraints
at the interface between the auxiliary building and turbine building is non-safety-related and is
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des1gned in accordance with Section Ill of the ASME Code for Class 3 components and is
seismic Category I. As specified in DCD Tier 2, Table 3.2-3, other valves and remaining piping
of the SFS meet ANSI B31 1 reqwrements and are classmed as Class D

The startup feedwater line connects directly to the steam generator nozzle rather than via the
main feedwater piping. - In this design, the main feedwater system and the startup feedwater
system are parallel systems. The main feedwater system draws water from the deaerator tank
and delivers it to the main feedrings within the steam generator, but the startup feedwater. -
system draws water from the condensate storage tank and delivers it to the startup feedwater
nozzle on the steam generator. The design allows main feedwater pumps to deliver water to’
the startup feed headers but does not allow the startup feed pumps to delrver water to the main
feed headers » . . o

The appllcant stated that the startup teedwater puplng Iayout lncludes the same features as the
main feedwater piping layout, such as a downward elbow in close proximity to the startup
feedwater nozzle on the steam generator; exclusion of high points for limiting void collection;
redundant positive isolation to prevent back leakage; and delivery of startup feedwater to the
steam generator, independent of feedrings.- The startup feedwater system is sized, operated,
and has water sources consistent with minimizing the potential for water hammer. The staff :
finds that Westinghouse considered water hammer prevention in the SFS design change.

Double-valve startup feedwater isolation is provided by the SFIV and the startup feedwater
control valve (SFCV) located outside the containment. The SFIV and SFCV are powered from
separate Class 1E power sources to provide redundant and independent actuation. DCD

Tier 2, Section 10.4.9.1.1 states that the SFCVs and SFIVs are designed to close on an :
appropriate engineered safety signal (i.e., the startup feedwater |solat|on sngnal)

On the basis of its review, the staff concludes that the SFS deSIgn meets the revnew cntena for
non-safety systems serving defense-m depth functlons '

10.4. 10 Auxiliary Steam System

The auxnllary steam system is a non- safety related system classmed as AP1000 Class E The :
system consists of an auxiliary steam system and boiler, pumps, auxiliary boiler deaerator,
chemical treatment components, and auxiliary boiler fuel oil components. The current SRP
does not include a section specifically addressing the auxiliary steam system. The staff
determined that the acceptability of this system will be based on meeting the requirements of -
GDC 4. In other words, failure of the auxiliary steam system, as a result of a pipe break or .
malfunction of the system should not adversely affect safety-related systems or. components

The auxnhary steam system supplles steam requnred by the. unlt tor a cold start of the main
steam system and turbine generator. It also provides steam during plant operation for hot

water heating. The main steam system supplies the auxiliary steam header during normal
operation. The auxiliary boiler provides steam to the header during a plant shutdown. The .
auxiliary steam boiler has a rated capacity of 49,900 kg/hr (110,000 pounds per hour) of e
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saturated steam at 1,344 kPa (195 psig). The system is protected from overpressure by safety
valves on the boiler, boiler deaerator, and auxiliary steam header.

Operational safety features are provided within the system for the protection of plant personnel
and equipment. The auxiliary steam system does not interface directly with nuclear process
systems. The auxiliary boiler is located in the turbine building, and none of the lines pass
through areas where safety-related equipment is located. Therefore, the auxiliary steam
system meets the requirements of GDC 4 because failure of the system as a result of a pipe
break or malfunction of the system should not adversely affect safety-related systems or
components.

Testing of the auxiliary steam system is performed before initial plant operation. Components
of the system are monitored during operation to verify satisfactory performance. Testing
procedures for the auxiliary steam system are located in the system specification and vendors’
equipment instruction manuals, which are not part of the AP1000 design certification review.

On the basis of the above review, the staff finds that the auxiliary steam system meets the
requirements of GDC 4 because failure of the auxiliary steam system as a result of a pipe break
or malfunction of the system does not adversely affect safety-related systems or components.
Therefore, the staff finds the auxiliary steam system acceptable.

10.5 Combined License Action Items

The COL applicant will prepare an erosion-corrosion monitoring program for carbon steel
portions of the steam and power conversion systems that contain water or wet steam. This
monitoring program will address industry guidelines and the requirements included in GL 89-08.
This is COL Action Item 10.5-1.

The COL applicant will submit to the staff for review and approval within 3 years of obtaining a
combined license a turbine maintenance and inspection program. Once approved, the COL
applicant will then implement this program. The turbine maintenance and inspection program
will be consistent with the maintenance and inspection program plan activities and inspection
intervals identified in DCD Tier 2, Section 10.2.3.6. The COL applicant will have available
plant-specific turbine rotor test data and calculated toughness curves that support the material
property assumptions in the turbine rotor analysis. This is COL Action Item 10.5-2.

The COL applicant will address the final configuration of the plant circulating water system,
including piping design pressure and the cooling tower or other site-specific heat sink. As
applicable, the COL applicant will address the acceptable Langelier or Stability Index range; the
specific chemicals selected for use in the CWS water chemistry control; and applications of
chemical pH adjuster, corrosion inhibitors, scale inhibitors, dispersants, algicides, and biocides
to reflect potential variations in site-water chemistry and in micro/macro-biological life forms. A
biocide such as sodium hypochlorite is recommended. Toxic gases such as chlorine are not
recommended. DCD Tier 2, Section 6.4 addresses the impact of toxic gases on the main
control room compatibility. This is COL Action Item 10.5-3.
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The COL applicant will address the oxygen scavenging agent and pH adjuster selection for the
turbine island chemical feed system. This is COL Action Item 10. 5-4.

The COL applicant will address the specific biocide. A biocide such as sodium hypochlorite is
recommended. Toxic gases such as chlorine are not recommended. The impact of toxic gases

on the main control room compatibility is addressed in Section 6.4. This is COL Action
item 10.5-5.

10-41



11. RADIOACTIVE WASTE MANAGEMENT

The AP1000 radioactive waste (radwaste) management systems control the handling and
treatment of liquid, gaseous, and solid radwaste. These systems include the liquid radwaste
system (WLS) the gaseous radwaste system (WGS), and the solid radwaste system (WSS).
The WLS is designed to control, collect, process, store, and dispose of liquid radioactive
wastes. The WLS is discussed in Section 11.2 of thrs report. The WLS contains holdup tanks,
process pumps, other processing equipment including monitor tanks, and appropnate
instrumentation and controls. lon exchange is the principal waste treatment process in the
WLS. L u

The WGS collects, processes, and monitors gaseous releases. The WGS is discussed in | |
Section 11.3 of this report. The WGS collects gaseous wastes that are potenhally radioactive
or hydrogen-bearing (i.e., those wastes resulting from degassing the reactor coolant and the
contents of the reactor coolant drain tank (RCDT)), stores them for decay in charcoal delay
beds, and subsequently releases them to the environment via the plant vent. :

The WSS controls the processmg of solid wastes generated dunng reactor operatron as well as
the packaging and storage of such processed wastes before shipment to a licensed disposal
facility. The WSS is discussed in Section 11.4 of this report.

The process and effluent radiological monitoring instrumnentation and sampling systerns which
are discussed in Section 11.5 of this report, detect and measure the radioactive matenals in -
plant liquid and gaseous processes and effluent streams

11.1 Source Terms

The staff reviewed Design Control Document (DCD) Tier 2, Section 11.1, “Source Terms,” in
accordance with the guidance and acceptance criteria in Section 11.1, “Source Terms,” of the
Standard Review Plan (SRP). The followrng acceptance criteria are provided in Paragraph 1l of
SRP Section 11.1: . .

«  Title 10 of the Code of Federal Requlations (10 GFR) Part 20, as it relates to limits on
doses for persons in unrestricted areas

.. 10 CFR Part 50, Appendlx l as it relates to the numencal gurdellnes tor desrgn
objectives and limiting conditions for operation (LCOs) to meet the “as low as is
reasonably achievable” (ALARA) criterion glven in Appendix |

. 10 CFR Part 50, Appendrx A General Desngn Cntena (GDC) 60 as lt relates to the
radioactive waste management systems’ design to control releases of gaseous and
liquid radioactive effluents, as well as to handle radloactlve solid wastes, produced
during normal operation : o

Use of the followmg regulatory gurdes (RGs) meet the requrrements of the regulatrons |dent|t|ed
above: . o .
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. RG 1.110, as it relates to the cost-benefit analysis for radioactive management systems
and equipment

. RG 1.112, as it relates to the method of calculating release of radioactive materials in
effluents from nuclear power plants

. RG 1.140, as it relates to the design, testing, and maintenance of air filtration and
adsorption units of normal ventilation exhaust systems

The specific criteria sufficient to meet the relevant requirements of 10 CFR Part 20 and 10 CFR
Part 50, Appendix |, are as follows:

(1) The parameters used to calculate concentrations of radioactive materials in primary and
secondary coolant are consistent with those given in NUREG-0017, “Calculation of
Releases of Radioactive Materials in Gaseous and Liquid Effluents from Pressurized
Water Reactors” (PWR-GALE code).

2 All normal and potential sources of radioactive effluents delineated in Subsection I of
SRP Section 11.1 are considered.

(3) For each source of liquid and gaseous waste considered in Subsection | of SRP
Section 11.1, the volumes and concentrations of radioactive material given for normal
operation and anticipated operational occurrences (AOOs) are consistent with those
given in NUREG-0017.

(4) Decontamination factors (DFs) for in-plant control measures used to reduce gaseous
effluent releases to the environment, such as iodine removal systems and high-
efficiency particulate air (HEPA) filters for building ventilation exhaust systems and
containment internal cleanup systems, are consistent with those given in RG 1.140.
The building mixing efficiency for containment internal cleanup is consistent with that in
NUREG-0017.

(5) DFs for in-plant control measures used to reduce liquid effluent releases to the
environment, such as filters, demineralizers, and evaporators, are consistent with those
in NUREG-0017.

(6) Radwaste augments used in the calculation of effluent releases to the environment are
consistent with the findings of a cost-benefit analysis and are performed using the
guidance of RG 1.110.

(7) Effluent concentration limits at the boundary of the unrestricted area do not exceed the
values specified in Table 2 of Appendix B to 10 CFR Part 20.

(8) The source terms result in meeting the design objectives for doses in an unrestricted
area, as set forth in Appendix | to 10 CFR Part 50.
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(9)

(10)

The applicant provides in the DCD the relevant information required by 10 CFR 50.34a.
This technical information should include all the basic data listed in Appendix B to

RG 1.112 needed to calculate the releases of radioactive material in liquid and gaseous
effluents. The Gaseous and Liquid Effluent (GALE) computer code, along with the

. source term parameters glven in NUREG 0017 is an acceptable method to perform this

calculatron

lf the calculational technfque or anly ‘;soirroe term parameter differs from that gl\)en in
NUREG-0017, the applicant should describe these drfferences in detail, as well as the

, bases for the method and parameters used

In revrewmg the AP1000 desrgn agalnst the above cntena the staff found that some of the
above criteria dealt with the source term, which is the subject of this section, while some dealt
with the subjects to be discussed in Sections 11.2 through 11.5 of this report. In request for
additional information (RAIl) 460.002, the staff asked the applicant to identify the relevant DCD
sections that address the above criteria. The following are the applicant’s responses and the
staff's evaluation of these responses

The applrcant stated that DCD Tier 2 Table 11. 1-1 “Parameters Used in the Calculation
of Design Basis Fission Product Activities,” DCD Trer 2, Table 11.1-7, “Parameters Used
to Describe Realistic Sources,” and DCD Tier 2, Section 11.1.3 address Criterion 1. -
The staff reviewed the parameters in these tables and confirmed that they are
consistent with those given in NUREG- 0017 Therefore, the staff finds Criterion 1 to be .
satisfied. : : : , D

The applicant stated that DCD Tier 2,Table 1 1.2-6, “Input Parameters for the GALE
Computer Code,” addresses Criteria 2 through 4. The staff reviewed DCD Tier 2,

Table 11.2-6, and DCD Tier 2, Sections 11.2 and 11.3, and found that all sources of -
radioactive effluents delineated in Subsection | of SRP Section 11.1 were considered,
and that the sources are consistent with NUREG-0017. In addition, the DFs used for . -
gaseous effluents and HEPA filter efficiency are consistent with RG 1.140. Therefore
the staff finds that Criteria 2 through 4 are satlsfred : .

The apphcant stated that DCD Tler 2, Table 11.2- 5 “Decontammatron Factors and

DCD Tier 2, Table 11.2-6 address Criterion 5. - The staff reviewed these two tables and -
confirmed that the DFs for liquid effluents, such as filters, demineralizers, and
evaporators, are consistent with NUREG 0017 Therefore the staff flnds that

. Cntenon 5 is satisfied.

The apphcant stated that Cntenon 6is not applrcable to the AP‘IOOO radwaste systems
because radwaste augments are not assumed as part of the lrcensrng basrs The staft
agrees.

The applicant stated that DCD Tier 2, Table 11.2-8, “Comparison of Annual Average

. Liquid Release Concentrations with 10 CFR 20 for Expected Release Effluent
- Concentration Limits,” and DCD Tier 2, Table 11.3-4, “Comparison of Calculated Offsite
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Airborne Concentration with 10 CFR 20 Limits,” address Criterion 7. Based on the
evaluation in Sections 11.2.1 and 11.3.1 of this report, the staff finds the release
concentrations acceptable.

. The applicant stated that DCD Tier 2, Sections 11.3.3.1 and 11.3.3.4 address Criterion 8
regarding the doses in an unrestricted area, and meet Appendix | to 10 CFR Part 50.
The staff’s evaluation is included in Sections 11.2.1 and 11.3.1 of this report. This
evaluation led to combined license (COL) Action items 11.2-2 and 11.3-1.

. The applicant stated that Criterion 9 is met because the GALE computer code is used,
and that RG 1.112, Appendix B, is satisfied. Since the GALE code is used, with the
NUREG-0017 source terms parameters, as indicated above, the staff finds that
Criterion 9 is satisfied.

. The applicant stated that Criterion 10 is not applicable because NUREG-0017 is used
for AP1000. The staff agrees.

In Sections 11.2 and 11.3 of this report, the staff evaluated the potential radioactive wastes and
the capability of the WLS and WGS to keep radioactive effluents in unrestricted areas ALARA,
in accordance with the requirements of 10 CFR Part 50, Appendix I. In addition, Sections 11.2
and 11.3 of this report document the staff’s evaluation of compliance with 10 CFR 20.1302,
which defines the criteria for radionuclide concentration limits in liquid and gaseous effluents
released into unrestricted areas. Sections 11.2 through 11.5 of this report discuss compliance
with GDC 60, as it relates to the design of the radioactive waste management systems to
control releases of radioactive materials and to conform with the guidance in RGs 1.110 and
1.140. As discussed above, RG 1.112 is satisfied by meeting Criterion 9.

DCD Tier 2, Section 11.1 describes the sources of radioactivity that are generated within the
core and have the potential of leaking to the reactor coolant system (RCS) during normal plant
operation, including AOOs, by way of defects in the fuel cladding. Two source terms are
presented for the primary and secondary coolant. The first is the design-basis source term,
which assumes a design-basis fuel defect level of 0.25 percent. Reactor coolant activity is
determined based on time-dependent fission product core inventories that are calculated by the
ORIGEN code. The first source term serves as a basis for radwaste system design and
shielding requirements, and is listed in DCD Tier 2, Tables 11.1-2, 11.1-3, 11.1-5, and 11.1-6.
The second source term is a realistic model which represents the expected average
concentrations of radionuclides in the primary and the secondary coolant. These values are
determined using the model in American National Standards Institute (ANSI)-18.1 and the
PWR-GALE code (NUREG-0017, Revision 1). The realistic source term provides the bases for
estimating typical concentrations of the principal radionuclides, as listed in DCD Tier 2,

Table 11.1-8. This source term model reflects the industry experience at a farge number of
operating PWR plants.

The NRC staff found that the assumption of a 0.25 percent fuel defect level used for the
AP1000 design-basis source term deviates from the fuel defect assumption of 1.0 percent
described in SRP Sections 11.2 and 11.3 for the WLS and the WGS. The applicant provided
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fuel leak data for operating plants in a letter dated June 17,1997, to demonstrate that the

0.25 percent fuel defect level was an appropriate assumption.  The staff independently
reviewed the fuel data for the applicant’s fuel and found the data were applicable to the AP1000
to justify the 0.25 percent fuel failure assumption. Furthermore, Technical Specification (TS)
(LCO) 3.4.11, “RCS Specific Activity,” specifies dose limits for iodines and noble gases -
corresponding to a fuel defect level of 0.25 percent,.to ensure that plant operation remains
within the limits consistent with the design assumptions. In RAl 460.001, the staff requested
the applicant to justify the fuel defect level assumption used specifically for the AP1000. Based
on the applicant’s response to RAl 460.001, the staff confirmed that the justifications were
applicable to the AP1 000 fuel.

The staff revrewed the recent fuel data for Westlnghouse fuel and compared the data with
independent information available to the staff. :Based on the results of the comparison, the staff
agrees with the applicant that for Westinghouse 17 x 17 Vantage 5 Hybrid (V5H) fuel, the -
0.25 percent fuel failure assumption'is reasonable. : Therefore, the staff finds that the deviation
from the fuel defect assumptlon from the SRPis acceptable for the AP1000

Based on the above evaluatron the staff finds that the source terms descnbed in DCD Tler 2,
Section 11.2 for the AP1000 are acceptable Sectlons 11.2 through 11 5 of this report address
the issues identified above.

11.2 Liquid Waste Mana agement Svstem

11.2.1 System Descnpt|on and Revrew Dlscussion N
The staff revrewed DCD Tier 2, Section 11 2, “qumd Waste Management System in '
accordance with the guidance and acceptance criteria described in SRP Section 11.2.
Paragraph Il of SRP Section 11.2 provides the following acceptance criteria for the WLS:
. - 10 CFR 20. 1302 as it relates to limits on doses to persons in unrestrlcted areas
> 10 CFR 50 34a asit relates to the mclusron of sufflcrent desrgn information to -

" demonstrate the design objectives for equment necessary to control releases of

radioactive effluents to the environment - ' '

. GDC 60, as it relates to the design of liquid waste management systems to control
releases of liquid radxoactlve effluents '

» - GDC 61 as it relates to the design of |IC|LIId waste management systems to ensure
adequate safety under normal and postulated accrdent condmons o

The relevant requrrements of the regulatlons |dent|f|ed above are met by using the regulatory
positions contained in the followrng RGs :
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. RG 1.110, as it relates to performing a cost-benefit analysis for reducing cumulative
dose to the population by using available technology

. RG 1.143, as it relates to the seismic design and quality group classification of
components used in the liquid waste management system and the structures housing
this system, as well as the provisions used to control leakages

. 10 CFR Part 50, Appendix |, Sections II.A and I1.D, as they relate to the numerical
guidelines for dose design objectives and LCOs to meet the ALARA criterion

DCD Tier 2, Section 11.2 describes the WLS design to control, collect, process, store, and
dispose of liquid radioactive waste generated as the result of normal operation, including AOOs.
The WLS, shown in DCD Tier 2, Figures 11.2-1 and 11.2-2, consists of tanks (effluent holdup
tanks, waste holdup tanks, chemical waste tanks, and monitor tanks), pumps, ion exchangers,
and filters. The design data for these components are listed in DCD Tier 2, Table 11.2-2.

The WLS processes the following four major categories of radioactively contaminated wastes:

(1) borated waste water from the RCS effluents released through the chemical and volume
control system (CVS), primary sampling system sink drain, and equipment leakoffs and
drains

(2) floor drains from various building sumps and equipment drains

(3) detergent waste from hot sinks and showers, and some cleanup and decontamination
processes

(4)  chemical waste from the laboratory and other relatively small volume sources

The WLS does not normally process nonradioactive secondary system effluent. The steam
generator (SG) blowdown system, as described in DCD Tier 2, Section 10.4.8, and the turbine
building drain system normally handle secondary system effluents. Radioactivity can enter the
secondary systems from SG tube leakage. If significant radioactivity is detected in secondary-
side systems, blowdown is redirected to the WLS for processing and disposal in a monitored
fashion.

The effluent subsystem processes borated and hydrogen-bearing liquid from the RCS through
the CVS and the RCDT. There are two effluent holdup tanks, each with a capacity of

105,992 liters (28,000 gallons). Normally, these wastes are processed through a prefilter, ion
exchangers, and an after-filter. The processed waste is then collected in one of the effluent
waste monitor tanks, sampled, and discharged (if acceptable). Each of the effluent waste
monitor tanks has a capacity of 56,781 liters (15,000 gallons). The processed waste may also
be recirculated for further processing by the subsystem. The applicant’s estimates of the
normal generation rate of these wastes can be found in DCD Tier 2, Table 11.2-1.
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A set of four ion exchangers connected in series make up the principal process equipment for
treating liquid radwaste from the effluent holdup tanks and the waste holdup tanks. The four -
ion exchangers have a waste prefilter (upstream of the ion exchangers) and a waste after-fllter
(downstream of the ion exchangers) and consrst of the followmg :

. one specific ion exchanger (contalnlng actlvated charcoal ona zeohte resm) that acts as
.oa deep-bed fllter and removes oil from ﬂoor dram wastes -

e ' one catlon bed ion exchanger

. two mlxed bed ion exchangers : oo

Design flexibility exnsts to manually bypass any of these ion exchangers, as wellas to’
interchange the order of the last two mixed beds, to provide complete usage of the resin. The
applicant stated that the media for the ion exchangers will be selected by the COL applicantto
optimize system performance. A COL applicant referencing the AP1000 certified desrgn should
identify the media it plans to use for the cation bed and the mixed bed ion exchangers in the
WLS. DCD Tier 2, Section 11.2.5.3 specifies that the COL apphcant will identify the types of
liquid waste ion exchange and adsorbent media to be used in the WLS, dependent upon -
developments in ion exchange technology and specific characteristics of the liquid radwaste to
be processed. This is COL Action Item 11.2-3, as identified in DCD Tier 2, Table 1 8-2 o

Based on DCD Tier 2, Table 11.2-1, the combined normal generation rate of the hqund wastes
serviced by both effluent holdup tanks and the waste holdup tank is 7,287 liters/day

(1,925 gallons/day). In RAI 460.004, the staff asked the applicant to provide additional -
information on the process capacrty of the WLS. In its response, the applicant stated that the "
ion exchanger has a processing capability of 40,882 liters/day (10,800 gallons/day)or - -

284 liters/minute (75 gallons/minute).” This information was incorporated into DCD Tier 2,
Section 11.2.1.2.1. This provides an adequate margin for processing surges in the generation )
rates of all wastes serviced by the two subsystems. The subsystem holdup tanks, which have a
capacity of 105,992 liters (28,000 gallons) per tank have an adequate margln for collectlng
large increases in the generatlon of wastes

The WLS piping permrts connection of moblle processnng equnpment When liquid wastes are
processed by mobile equipment, the treated liquid waste is returned to the WLS for eventual
discharge to the environs, or to an ultimate dlsposal pount for hqurds that are to be removed
from the plant site. '

The detergent waste subsystem cotlects wastes that are generally high in dlssolved solids, but
low in radioactivity, from plant hot sinks and showers and some cleanup and decontamination
processes. The detergent wastes are generally not compatrble with the ion exchange resins
and are collected in the chemical waste tank. The size of the chemical waste tank (33,690 liters
or 8,900 gallons) is adequate. Normally, these wastes are sampled. If the detergent waste
activity is below acceptable limits, the waste can be discharged without processing. When -
detergent waste activity is above acceptable limits and processing is necessary, the waste -
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water may be transferred to a waste holdup tank and processed in the same manner as other
radioactively contaminated waste water, if onsite equipment is suitable to do so.

If onsite processing capabilities are not suitable for the composition of the detergent waste,
processing can be performed using mobile equipment brought into the radwaste building, or the
waste water can be shipped offsite for processing. After processing by the mobile equipment,
the water may be transferred to a waste holdup tank for further processing or transferred to a
monitor tank for sampling and discharge. The applicant estimates, in DCD Tier 2, Table 11.2-1,
that the normal generation rate of these wastes will be 908 liters/day (240 gallons/day) and
assumes that the waste will be fully discharged to the environs. The capacity of the limiting
processing equipment (i.e., ion-exchanger) is 408,824 liters/day (108,000 gallons/day) in this
subsystem. This capacity provides an adequate margin for processing a surge in the
generation rate of this waste.

Radioactively contaminated chemical wastes are normally generated at a low rate and collected
in the chemical waste tank shared with detergent wastes. Chemicals are added to the tank, as
needed, for pH or other chemical adjustment. The design includes alternatives for processing
or discharge. These wastes may be processed onsite, without being combined with other
wastes, using mobile equipment. When combined with detergent wastes, they may be treated
like detergent wastes, as described above. If onsite processing capabilities are not suitable,
processing can be performed using mobile equipment or the waste water can be shipped offsite
for processing.

SG blowdown is normally processed by the SG blowdown treatment system demineralizers, as
discussed in DCD Tier 2, Section 10.4.8. In the AP1000 design, SG blowdown does not
normally contribute to any liquid radwaste discharge to the environs. Under normal conditions,
the processed blowdown is totally recycled in the plant (i.e., discharged to the condenser hot
well). However, if the blowdown flow is detected to be excessively radioactive, it will be
manually aligned to the inlet of the waste holdup tank for processing before its eventual
discharge to the environment.

Process discharge is normally aligned to one of the three monitor tanks. The release of
processed liquid waste from any monitor tank to the environs is permitted only when sampling
of the subject tank’s contents indicates that such a release is permissible. The effluent
discharge line includes a radiation monitor. The discharge flow rate for borated wastes should
be preset by the COL applicant to limit the boric acid concentration in the circulating water
blowdown stream to an acceptable level, in compliance with local requirements. A COL
applicant referencing the AP1000 certified design should identify its planned discharge flow rate
for borated wastes. DCD Tier 2, Section 11.2.5.4 states that a COL applicant will determine the
rate of discharge and the dilution necessary to maintain an acceptable concentration, in
compliance with local requirements. This is COL Action ltem 11.2-4, as identified in DCD

Tier 2, Table 1.8-2.

When the waste discharge flow is diluted by the circulating water blowdown flow of
22,712 liters/minute (6,000 gallons/minute), the discharge flow rate for any waste stream should
be restricted, as necessary, to maintain an acceptable concentration level for radionuclides in
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liquid effluents discharged into any unrestricted area. The above criterion for liquid waste
discharge flow ensures compliance with the 10 CFR Part 20, Appendix B, Table 2, Column 2,
limits for concentrations of radionuclides in liquid effluents discharged into any unrestricted
area. All WLS discharges are made through a single liquid waste discharge line to the
circulating water blowdown stream. The dilution factor,provided for the activity released i is site
dependent and wnll be provided by the COL appllcant (COL Actlon Item 11 2-4)

Al WLS releases are momtored by a radlatlon monltor prior to dllutlon and dlscharge The
monitor is located on the common discharge line downstream of the WLS monitor tanks, in -
compliance with the 10 CFR Part 20, Appendix B, Table 2, Column 2, limits for radionuclide
concentrations in liquid effluents discharged into unrestricted areas. These radiation monitors
will provide a signal to terminate liquid radwaste releases to unrestricted areas before the -
discharge concentration in the line exceeds a predetermined setpoint. As discussed above, the
radiation monitors are provided for controlling and monitoring release of radioactive materials
from liquid effluents to unrestricted areas, as required by GDC 60. The staff will review the
operational setpoints of the subject radiation monitors on a plant-specific basis for each COL
application. A COL applicant referencing the AP1000 certified design should identify the
planned operational setpoints for its WLS radiation monitors in its plant-specific offsite dose
calculation manual (ODCM). DCD Tier 2, Section 11.5.7 provides for a COL applicant to
develop an ODCM to address operational setpoints for the radiation monitors, as well as
programs for monitoring and controlling the release of radioactive material into the environment,
thus eliminating the potential for unmonitored and uncontrolled release This is COL Actlon
ltem 11.5-1, as ldentmed in DCD Tler2 Table 1. 8-2 :

The apphcant calculated the annual lquld effluent releases (shown in DCD Tler 2 Table 11 2-7)
using the PWR-GALE code methodology. DCD Tier 2, Table 11.2-6 provides the standard -
design parameters for running this computer program to calculate expected primary and: |
secondary coolant radionuclide concentrations and liquid effluents. DCD Tier 2, Table 11.2-2 =
lists the component data for the WLS. Specifically, the table lists the number of WLS holdup
tanks, monitor tanks, pumps, filters, and ion exchangers (and their types), and their design-
capacities or flow rates, whichever is applicable. 'DCD Tier 2, Table 11.2-1 lists the collection
rates and primary coolant activity fractions of the individual liquid waste streams. DCD Tier 2,
Table 11.2-5 lists the DFs for different categories of radionuclides provided by the different
types of ion exchangers. DCD Tier 2, Figure 11.2-2 lists the WLS piping and instrumentation
drawings (P&IDs). DCD Tier 2, Tables 11.2-7, 11.2-8, and 11.2-9 provide the results of the .
GALE code. SRP Section 11.2 recommends the GALE code methodology The staff rewewed
the input data and found them to be acceptable.-

Because demonstration of specific compliance with 10 CFR Part 50, Appendix |, dose
guidelines for liquid effluents is not within the scope of the standard design, the staff will review °
each compliance demonstration for each COL application. - RG 1.110 provides guidance for
performing a cost-benefit analysis in order to reduce cumulative dose to the population by using
available technology. DCD Tier 2, Section 11.2.5.2 states that the COL applicant will provide a
site-specific cost-benefit analysis to address the requirements of 10 CFR Part 50, Appendix |,
regarding population doses resulting from the release of liquid effluents. The COL applicant will’
also demonstrate conformance with RG 1.110, as it relates to performing a site-specific
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cost-benefit analysis for reducing dose. This is COL Action Item 11.2-2, as identified in DCD
Tier 2, Table 1.8-2.

The requirements of 10 CFR 20.1302 permit an applicant to demonstrate compliance with
applicable dose limits, in part, by showing that the annual average concentrations of radioactive
materials in those liquid effluents to be released into an unrestricted area do not exceed the
limits specified in the subject table column. DCD Tier 2, Table 11.2-8 demonstrates that the
sum of the ratios of the liquid effluent concentrations of radionuclides in any unrestricted area to
the liquid effluent concentration limits for the respective radionuclides given in 10 CFR Part 20,
Appendix B, Table 2, Column 2, are well below 1.0 percent.

In RAl 460.001, the staff asked the applicant to justify its assumption of a 0.25 percent fuel
defect level. This assumption deviates from the fuel defect assumption of 1.0 percent in SRP
Section 11.2 for the liquid waste management system. The applicant provided justification for
this deviation in its response to RAl 460.001. For the reasons set forth in Section 11.1 of this
report, the staff finds this deviation acceptable.

In addition, the applicant explained that for the maximum release concentration, DCD Tier 2,
Table 11.2-9 sets forth results, assuming a maximum defined fuel defect level, that correspond
to a 1.0 percent fuel defects for all fission product nuclides, except iodine and noble gas. For
iodine and noble gas, the TS limits corresponding to a 0.25 percent fuel defect level were
assumed. The results in DCD Tier 2, Table 11.2-9 demonstrate that the sum of the ratios of the
liquid effluent concentrations of radionuclides in any unrestricted area to the liquid effluent
concentration limits for the respective radionuclides given in 10 CFR Part 20, Appendix B,
Table 2, Column 2, is 0.53 percent. This value is below 1.0 percent and provides for a
sufficient margin before reaching the maximum defined fuel defect level. Therefore,
compliance with 10 CFR 20.1302 is demonstrated by the information included in DCD Tier 2,
Table 11.2-9. In addition, Criterion 7, which was discussed in Section 11.1 of this report, is met.

The WLS is a non-safety-related system and serves no safety function except system isolation
from the containment, when required. The system valves interfacing with the containment,
which serve the above safety function, are safety-related and seismic Category |, as shown in
DCD Tier 2, Table 3.2-3. In DCD Tier 2, Table 3.2-3, the applicant indicated that the WLS is
located in the seismic Category | auxiliary building. All waste collection and waste monitor
tanks, the chemical waste tank, and the condensate storage tank are equipped with level
indication and provisions for high-level alarms in the control room. Local indication and controls
are available on portable displays which may be connected to the data display and processing
system.

The statf reviewed DCD Tier 2, Section 11.2 and Appendix 1A for conformance with RG 1.143,
“Design Guidance for Radwaste Management Systems, Structures, and Components Installed
in Light Water-Cooled Nuclear Power Plants.” In Appendix 1A, the applicant committed to
comply with all the positions in RG 1.143, with one exception relating to Criterion C.6.2.1. In
RAI 460.003, the staff pointed out that the AP1000 conforms with Criterion C.6.2.1 based on
DCD Tier 2, Section 3.7.2, which states that the radwaste building of the AP1000 is designed to
Uniform Building Code—1977. In response to RAIl 460.003, the applicant agreed with the staff
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and revised DCD Tier 2, Appendix 1A, to be consistent wnth DCD Tier 2, Section 3.7.2.
Therefore, AP1000 conforms toRG 1 143 . ;

The tanks of the WLS (effluent holdup tanks waste hoIdup tanks monltor tanks, and chemlcal
waste tank) are located in the auxiliary building which is designed to seismic Category | criteria.
The other components, such as ion exchangers, filters, degasifier, pumps, applicable valves,
and heat exchangers, are also in the auxiliary building. All WLS tank overflows are routed to a
watertight room within the auxiliary building and drained to the auxiliary building sump, which is
pumped to a waste holdup tank. Since the auxiliary building is designed to seismic Category |
criteria, the staff finds the WLS to be acceptable with respect to meeting the seismic design
guidance specified in RG 1.143.

Components (such as heat exchangers, pumps, tanks, degasifier, ion exchangers, filters, and
valves) in the WLS are nonseismic and are classified as AP1000 Class D (i.e., Quality Group D
in RG 1.26), as shown in DCD Tier 2, Table 3.2-3. The quality assurance (QA) program for
design, fabrication, procurement, and installation of radwaste systems is in accordance with the’
overall QA program described in DCD Tier 2, Chapter 17. DCD Tier 2, Section 17.5 states that
the COL applicant will address its design phase QA program, as well as its QA program for
procurement, fabrication, installation, construction and testing of structures, systems and
components in the facility. The evaluation of the overall QA program is in Chapter 17 of this
report. As set forth in Chapter 17 of this report, a COL applicant will address these matters
pursuant to COL Action Item 17.5-1, and the staff will review them in the context of the COL
application. The staff finds the WLS acceptable with respect to meeting the QA guidance
specified in RG 1.143, provided that the overall QA program described in any particular COL
applxcatlon is acceptable

The lquld waste system is designed to handle most l:qund effluents and other antucnpated events
using installed equipment. However, for events occurring at a very low frequency, or producing
effluents not compatible with the installed equipment, temporary equipment may be brought into
the radwaste building mobile treatment facility truck bays. Connections are provided to and
from various locations in the liquid waste system to facilitate connections with mobile -
equipment.  This allows the mobile equipment to be used in series with installed equipment, as
an alternative to the treated liquids returning to the liquid waste system, or as an ultimate
disposal point. The staff will review any mobile processing equipment that may be used for
processing liquid radwaste on a plant-specific basis for particular COL applications using the
guidelines of RG 1.143. The COL applicant should discuss how any mobile processing -
equipment intended for use in the processing of liquid radwaste meets the guidelines of

RG 1.143. DCD Tier 2, Section 11.2.5.1 addresses this COL action item. By meeting the
guidance in RG 1.143 and RG 1.110, the WLS, with the exception of this COL action item,
meets the requirements of GDC 61, as specified in SRP Secnon 10 2 ThlS is COL Actlon

Item 11.2-1, as identified in DCD Tier 2, Table 1 8-2 : , : :

The NRC Inspection Enforcement Bulletin (IEB) 80 05 “Vacuum Condmon Resultlng in
Damage to Chemical Volume Control System (CVCS) Holdup Tanks (sometimes called ‘Clean
Waste Receiver Tanks’),” addresses issues concerning the release of radioactive material or
other adverse effects as a result of low-vacuum conditions causing tank buckling. The
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low-vacuum condition could be created by the cooling of hot water in a low-pressure tank.
Except for the RCDT located in the containment building, no other tank in the WLS is exposed
to hot water. The RCDT has several design features, including an external design pressure
provided in DCD Tier 2, Table 11.2.2, of 204.7 kiloPascals (kPa) (15 pounds per square inch
gauge (psig)), which eliminate the possibility of structural collapse of the RCDT resulting from
steam condensation. Because of these design features, the RCDT will not collapse even if
exposed to a full vacuum. The staff noted that all of the WLS tanks have vents that are
adequately sized to prevent tank collapse during drain down. Therefore, the staff finds that the
design of the AP1000 WLS adequately addresses the concern identified in IEB 80-05 and is, -
therefore, acceptable.

11.2.2 Conclusion

For the reasons set forth above, the staff concludes that the design of the WLS is acceptable
and meets the requirements of 10 CFR 20.1302; 10 CFR Part 50, Appendix |; 10 CFR 50.34a;
GDC 60; and GDC 61. This conclusion is based on the following:

. The AP1000 design has met the dose requirements of 10 CFR 20.1302 by assuring that
the annual average concentration of radioactive materials in liquid effluents released
into an unrestricted area will not exceed the limits specified in 10 CFR Part 20,
Appendix B, Table 2, Column 2.

. The AP1000 design has demonstrate compliance with 10 CFR 50.34a, as it relates to
sufficient design information being provided, as set forth in the above discussion.

. A COL applicant referencing the AP1000 certified design will demonstrate compliance
with 10 CFR Part 50, Appendix I, requirements for offsite individual doses and
population doses resulting from liquid effluents by preparing a site-specific cost-benefit
analysis in accordance with RG 1.110 (COL Action item 11.2-2).

. The AP1000 design has met the requirements of GDC 60 with respect to controlling
releases of liquid effluents by radiation monitoring of the WLS releases. All WLS
releases are monitored by a radiation monitor, which will generate a signal to terminate
liquid radwaste releases before the discharge concentration exceeds a predetermined
set point. A COL applicant will identify the operational setpoint for its WLS radiation
monitors in its plant-specific ODCM (COL Action Item 11.5-1).

. Compliance with the requirements of GDC 61 is demonstrated by meeting the
guidelines of RG 1.143 and RG 1.110 (COL Action item 17.5-1).

Based on the above review, the staff has determined that the AP1000 WLS design meets the
guidelines of SRP Section 11.2 and is therefore acceptable.
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11.3 Gaseous Waste Management System "~

11.3.1 System Description and Review Dlscuss:loh‘ N

The staff reviewed DCD Tier 2, Sectron 11.3; "Gaseous Waste Management System,” i
accordance with the guidance and acceptance cnterra described in SRP Section 11.3.
Paragraph Il of SRP Section 11.3 provides the following acceptance criteria for the WGS:

-10 CFR 20.1302, as it‘relates to limits on doses to'persons in un'restricted areas

10 CFR 50.34a, as it relates to providing sufficient design information to demonstrate .

‘the effectiveness of design objectives for equipment necessary to control releases of

radioactive effluents to the environment

GDC 3, as it relates to protecting gaseous waste handling and treatment systems from
the effects of an explosive mixture of hydrogen and oxygen

GDC 60, as it relates to the design of radioactive waste management systems to control
releases of gaseous radioactive effluents

GDC 61, as it relates to the control of radloactrvrty in the WGS and the ventllatlon
systems assocrated wrth fuel storage and handling areas

10 CFR Part 50, Appendix |, Sectrons 11.B; I1.C, and II.D, as they relate to the numerrcal,

guidelines for dose deslgn objectnves and LCOs necessary to meet the ALARA criterion

The relevant requrrements of the regulatrons ldentrfled above are met by usrng the regulatory
positions contained in the following RGs: : ,

RG 1.140, as it relates to the desrgn testrng, and malntenance of normal ventrlatlon -
exhaust systems at nuclear power plants ‘ .

RG 1.143, as it relates to the sersmrc design and quality group classification of

 components used in the gaseous waste management system and the structures” .
- housing thls system, as well as the provrsrons used to control leakage o

SRP Branch Technical Position Effluent Treatment Systems Branch (BTP ET SB) 11-5,
as it provides guidelines to analyze postulated radioactive releases asa result of ‘
postulated leakage or fallure of a waste gas storage tank '

The WGS controls, collects processes ‘stores, and dlsposes of gaseous radioactive wastes
generated during normal operation, including AOOs. ‘The WGS involves the gaseous radwaste "
system, which deals with potentially hydrogen- beanng and radioactive gases generated during
plant operatlon Addmonally, it involves the management of building ventilation, containment
purge, and condenser air removal system exhausts The AP1000 WGS isa once-through
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ambient-temperature, activated carbon delay system. The system includes a gas cooler, a
moisture separator, an activated carbon-filled guard bed, and two activated carbon-filled delay
beds. The system also includes an oxygen analyzer subsystem and a gas sampling
subsystem. The major inputs to the WGS are RCS gases stripped from the CVS letdown flow
by the WLS vacuum degasifier during RCS dilution and boration, as well as during degassing
prior to a reactor shutdown. Other inputs to the WGS are the gases from the RCDT vent and
the gases stripped from the RCDT liquid by the WLS degasifier.

The flow through the WGS consists of hydrogen and nitrogen (as carrier gases), fission gases,
and water vapor. Influents to the WGS pass through the following four stages:

(1) a gas cooler, which cools the influent waste gas to 7.2 °C (45 °F) by a chilled water
system

(2) a moisture separator, which removes the moisture formed when the gas steam is cooled

(3) a guard bed, which protects the delay beds from abnormal moisture carryover, or
chemical contaminants, by removing them from the waste stream

(4)  two 100-percent capacity delay beds

The fission gases in the waste gas stream undergo dynamic adsorption by the activated carbon
in the delay beds and, therefore, experience significant delay during their transit through the
beds. DCD Tier 2, Section 11.3.5.2 states that the COL applicant will identify the types of
adsorbent media to be used in the WGS. This is COL Action Item 11.3-2, as identified in DCD
Tier 2, Table 1.8-2. Radioactive decay of the fission gases during the delay periods
significantly reduces the radioactivity of the gas flow leaving the system. The effluent from the
delay bed passes through a radiation monitor and is discharged to the environs via the system
ventilation exhaust duct and the plant vent. In response to RAI 460.005(C), the applicant stated
that sufficient holdup time is provided by the WGS because the system can be isolated at any
time. The system is not normally in operation. It is operated, as necessary, during changes in
RCS boron concentration and when reductions in the RCS noble gas inventory are made.
Because the anticipated operation in the system provides 61 days holdup of xenon isotopes
and over 2 days holdup of krypton isotopes, the staff does not expect that any alteration in the
system operation will be necessary due to adverse meteorological conditions. Therefore, the
WGS satisfies GDC 60, as it relates to sufficient holdup capacity for retention of radioactive
gaseous effluents.

The design data for the WGS are provided in DCD Tier 2, Table 11.3-2. In addition, a list of
gaseous radwaste system instrumentation and control items is provided in this table. The
system contains provisions for continuously monitoring the moisture level at the inlet of the
guard bed. Monitoring the performance of individual components in the system is done by
collecting and analyzing grab samples. Connections between the two delay beds allow for the
collection of samples at the inlet and outlet of the guard bed, and at the outlet of the second
delay bed. The WGS has a radiation monitor that continuously monitors the discharge from the
delay beds. The monitor will automatically send a signal to terminate the discharge when the
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radiation level in the discharge stream reaches a predetermined setpoint. The COL applicant
will determine this setpoint. A coL applicant referencing the AP1000 certified design should
identify its planned operational setpoint for the WGS radiation monitor in its plant-specific
ODCM. DCD Tier 2, Section 11.5.7 states that the COL applicant will identify operational
setpoints for the radiation monitors and will identify programs for monitoring and controlling the
release of radioactive material to the environment, thus eliminating the potential for
unmonitored and uncontrolled release (see COL Actlon item 11 5 1)

In addrtron to the WGS exhaust the other exhaust released to the environs via the radlatron |
monitored plant vents mclude A .

the contamment purge exhaust
the auxiliary building exhaust
the annex building release

-the radwaste burldrng exhaust

The turbrne steam sealrng (gland seal) system exhaust and the condenser air removal system -
exhaust, which includes the gland seal exhaust dunng plant startup, are routed to a common -
header that discharges the exhausts to the environs via a radiation-monitored turbine burldmg
vent. The gland seal system and condenser air removal system exhausts are not filtered prior
to their release to the environs, as they are not normally radioactive. . However, upon detection -
of unacceptable levels of radiation in the exhausts, which may occur as a result of a SG tube-
leak, appropriate corrective actions will be manually performed. The turbine building exhaust is
released to the environs via unmonitored turbine building vents, because it is not expected to
have detectable radioactivity. In DCD Tier 2, Section 11.3.3.3, the applicant provided release-
point characteristics for the plant vent and the turbine building vent, through which the
combined dlscharge of the condenser air removal system and the gland seal system occurs.

Based on the above surtable control of releases from the WGS is provrded by. the radlatlon o
monitoring system (RMS), as discussed in DCD Tier 2, Section 11.5, which automatically sends -
a signal to terminate releases from the WGS when a high-activity setpoint is exceeded in the
system discharge line. Furthermore, the WGS provides sufficient holdup capacity. Therefore, -
the WGS design conforms with GDC 60 wrth regard to the control of radloactrve releases to
unrestricted areas. - A Lo , ;

In response to RAI 460.005(D), the applicant discussed compliance with GDC 61. The fuel
storage and handling areas for the AP1000 include the fuel handling area of the auxiliary
building, which encloses the spent fuel pool (SFP), and the containment building, which
encloses the reactor cavity. Based on the calculated radiological releases resulting from a
design-basis fuel-handling accident (FHA) in either area, there is no need to provide safety-
related isolation or filtration systems to malntam plant safety (see DCD Tler 2, Section 15.7.4).

The ventilation systems serving these plant areas mcorporate specrflc desrgn features to
mitigate the potential releases of abnormal (i.e., non-design-basis accident) airborne
radioactivity from these areas. In addition to automatic isolation of the fuel handling area or
containment purge valves due to a high-radiation signal, the isolation dampers or valves can be
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manually controlled from the main control room (MCR). The fuel handling area isolation
dampers and containment isolation valves are provided with remote position indication. During
abnormal airborne radiological conditions, the containment purge valves can be manually
opened, through administrative procedures, to override a high-radiation signal, thereby allowing
cleanup of the containment atmosphere. DCD Tier 2, Section 9.4.7.4 states that the exhaust
air filtration units of the containment air filtration system (VFS) are designed and tested in
accordance with American Society of Mechanical Engineers (ASME) Standards N-509-1989
and N-510-1989. These ASME standards discuss the instrumentation necessary for the
periodic inspection and verification of system airflow rates, air temperatures, and filter pressure
drops. Based on the above, the staff finds that the WGS complies with GDC 61, as it relates to
radioactivity control in the WGS and the ventilation systems associated with fuel storage and
handling areas.

In DCD Tier 2, Appendix 1A, the applicant provided a discussion of how the VFS meets the
guidelines of RG 1.140, “Design, Testing, and Maintenance Criteria for Normal Ventilation
Exhaust System Air Filtration and Adsorption Units of Light Water Cooled Nuclear Power
Plants.” As shown in DCD Tier 2, Table 9.4-1, the VFS has a 4-inch charcoal absorber and
HEPA filters upstream and downstream of the absorber. The staff finds that the applicant has
credited filter efficiencies of 90 and 99 percent for removal of iodine and other radionuclides in
particulate form, respectively, in its calculation of gaseous effluents from containment purge
exhaust. These efficiencies are in accordance with the specified efficiencies for 4-inch charcoal
absorber and HEPA filters in RG 1.140. Therefore, the staff agrees with the filter efficiencies
credited by the applicant in the calculation of containment purge exhaust effluents.

Although the auxiliary building and annex building exhausts are not normally filtered prior to
their release, as stated above, the ventilation systems serving these areas incorporate design
features that provide automatic filtration of the exhausts, prior to their release, under certain
circumstances. Specifically, a high-radiation signal from any of the monitors in the exhaust
ducts of the annex building, the fuel handling area of the auxiliary building, and the
radiologically controlled portion of the auxiliary building will result in isolation of the normal
supply and (unfiltered) exhaust ducts to the affected area and will connect the VFS exhaust
filter and fans to the isolated area. (See DCD Tier 2, Sections 9.4.3.2.3.2 and 9.4.7.2.3.) On
the basis of the above discussion and the evaluation presented in Section 9.4 of this report, the
staff finds that the WGS meets the guidelines of RG 1.140 as they relate to the normal
ventilation exhaust systems for air filtration.

The WGS is a non-safety-related system and has no accident mitigation functions. The WGS
and the structures housing this system are designed in accordance with the applicable positions
of RG 1.143 with respect to the following guidelines for gaseous radwaste systems:

. general guidelines for design, construction, and testing criteria for radwaste systems
. specific seismic design criteria for the WGS

. general seismic design criteria for structures housing radwaste systems

. general guidelines for providing quality assurance for radwaste management systems
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DCD Tier 2, Appendix 1A, pertaining to the AP1000 radwaste management systems’
conformance with RG 1.143, provides a discussion of how the design of the WGS and its -
housing structures meet the applicable guidelines of RG 1.143. DCD Tier 2, Appendix 1A,
Criteria Section C.2.3, states that the guard bed and the delay beds, including supports, in the
gaseous radwaste system are designed for seismic loads in accordance with RG 1.143. i
Seismic loads for this equipment were established using one-half of the safe-shutdown =~ -
earthquake floor response spectra. The loads resulting from this seismic response spectra are -
equnvalent to, or greater than, those resulting from an operating-basis 'earthquake The WGS is
housed in a seismic Category | structure (the auxiliary bunldmg) ‘The QA program for design,
fabrication, procurement, and installation of radwaste systems |s |n accordance wnth the overall '
QA program descnbed in DCD Tler 2, Chapter 17. .

In DCD Tler 2, Table 3.2-3, the appllcant classmed WGS equipment and components such as
the gas cooler, sample pumps, guard and delay beds, moisture separator, and applicable
valves as AP1000 Class D (i.e., RG 1.26 Quality Group D). The QA program for design, .
fabrication, procurement, and installation of radwaste systems is in accordance with the overall
QA program described in DCD Tier 2, Chapter 17.”"DCD Tier 2, Section 17.5 states that the
COL applicant will address its design phase QA program, as well as its QA program for -
procurement, fabrication, installation, construction and testing of structures, systems and -
components in the facility. The evaluation of the overall QA program is in Chapter 17 of this
report. As set forth in Chapter 17 of this report, a COL applicant will address these matters
pursuant to COL Action ltem 17.5-1, and the staff will review them in the context of the COL ™
appllcatlon The staff finds the WGS acceptable with respect to meeting QA guidance specified
in RG 1.1483, provided that the overall QA program descnbed in any parhcular COL apphcatlon
is acceptable

Because the potential exists for a buildup of exploane mixtures of hydrogen and oxygen in the
WGS, the system should be designed to either withstand the effects of a hydrogen explosmn

or have design features to preclude the formation or buildup of explosive mixtures, in
accordance with SRP Section 11.3 guidelines.. DCD Tier 2, Section 11.3.1.2.3.1, and the
applicant’s response to RAI 460.005(B) describe the design features for pre\'/enting the
formation or buildup of explosive mixtures in the WGS. The WGS operates at a slightly positive
pressure to prevent air in-leakage. A continuous purge flow of nitrogen is provided at the outlet -
of the WGS to prevent back-leakage of air through the discharge check valves. Dual oxygen
analyzers are provided for continuous sampling in'a side stream taken off the process flow
paths. These analyzers sound an alarm, bothlocally and in the MCR, upon high oxygen levels.
The alarm setpoint is at an oxygen concentration level that would allow adequate time for
operator action. A hydrogen analyzer is also provided for direct measurement of hydrogen
concentration in the sampling side stream. The operator can use the analyzer reading, in
conjunction with a flammability chart, to assess the flammability potential during an upset
situation in which oxygen enters the system. The éntire system is electrically at the same
potential, thereby eliminating the buildup of static electricity and sparking. The WGS throttling -
and isolation valves are packless metal diaphragm types which eliminate leakage into or out of -
the system through the steam seals. The dual oxygen analyzers are independent such thatat .~ .
an operator selectable oxygen concentration of 4 percent or less, the system automatically .
provides a signal to isolate oxygen inputs and initiate a nitrogen purge. Based on the above

1117



Radioactive Waste Management

information, the staff finds that the WGS satisfies GDC 3 for protection from the potential
effects of an explosive mixture.

The applicant calculated annual gaseous effluent releases using the PWR-GALE code (see
DCD Tier 2, Table 11.3-3). DCD Tier 2, Table 11.2-6 provides the standard design parameters
for running the computer program, which calculates expected primary and secondary coolant
radionuclide concentrations and gaseous effluents. DCD Tier 2, Tables 11.3-1 and 11.3-2 list
the design data for the WGS. DCD Tier 2, Figures 11.3-1 and 11.3-2 depict the schematics
and the P&ID of the WGS. Demonstration of specific compliance with the requirements of

10 CFR Part 50, Appendix I, for a maximally exposed offsite individual and population doses
resulting from gaseous effluents depends on site-specific factors and is, therefore, not within
the scope of the AP1000 standard design. The staff will review such matters for each COL
application. DCD Tier 2, Section 11.5.7 states that the calculation of offsite individual doses is
the responsibility of the COL applicant. [n addition, DCD Tier 2, Section 11.3.5.1 states that the
COL applicant will provide a site-specific cost-benefit analysis to address the requirements of
10 CFR Part 50, Appendix I, regarding population doses resulting from gaseous effluents. This
is COL Action Item 11.3-1, as identified in DCD Tier 2, Table 1.8-2. This COL action item
addresses Criterion 8 which was discussed in Section 11.1 of this report. The staff finds this
COL action to be acceptable to demonstrate compliance with the requirements of 10 CFR

Part 50, Appendix I.

DCD Tier 2, Table 11.3-4 provides the ratios of the airborne concentrations of radionuclides
listed in 10 CFR Part 20, Appendix B, Table 2, Column 1, at the site boundary to the
concentration limits for these radionuclides. The table shows that the sum of the ratios is 0.33,
which is within the criterion of 1.00 set forth in Table 2, Note 4. In response to RAIl 460.001, the
applicant explained that the assumption used for the maximum release concentrations is based
on 1 percent failed fuel with the exception of iodine and noble gases. These are limited by TS
to 0.25 percent failed fuel. The staff finds this assumption acceptable because a 1 percent fuel
failure rate is consistent with SRP 11.3, and the TS limit governs the fuel failure rate with
respect to iodine and noble gases, thus providing a basis for deviating from the SRP guidance
for these fission products. On the basis of the results presented in DCD Tier 2, Table 11.3-4,
the staff finds that the WGS design complies with 10 CFR 20.1302, and Criterion 7 which was
discussed in Section 11.1 of this report.

In its response to RAIl 460.005(A), the applicant provided a waste gas system leak or failure
analysis, as well as the justification for the assumptions used in that analysis. The analysis was
performed to demonstrate that the WGS design meets the applicable guidelines of BTP

ETSB 11-5. This BTP stipulates that the total body dose at the exclusion area boundary (EAB),
as a result of the release of radioactivity for two hours from a postulated failure of the WGS,
calculated in accordance with the BTP assumptions, should not exceed 0.5 rem. The applicant
analyzed the accident using a short-term (0-2 hours) x/Q of 6x10* seconds per meter-cubed
(sec/m®) at the EAB, a release duration of 1 hour, instead of 2 hours, as suggested by the BTP,
and other assumptions consistent with those in the BTP. In the above response, the applicant
justified a release duration of 1 hour as consistent with the isolation time of the AP1000 design.
The applicant calculated a 0 - 2 hour total body dose within 0.5 rem, which satisfies BTP

ETSB 11-5. Based on the above, the staff finds the analysis acceptable.
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The staff reviewed all applicable information submitted in DCD Tier 2, Section 11.3 and in the
applicant's responses to staff RAls related to the radwaste management systems for the
AP1000. Based on the above information, as discussed in the evaluation, the staff concludes
that the WGS meets the requirements of 10 CFR 50.34a, as it relates to the provision of design
information sufficient to demonstrate that the design objectives for the equipment necessary to
control releases of radloactlve effluents to the envnronment have been met

11.3.2 Conclusmns

Based on the above, the staff concludes that the design of the WGS is acceptable in that it
meets the acceptance criteria provided in SRP Section 11.3 and described below:

- - - The system is capable of maintaining gaseous effluents in unrestricted aréas below the -
limits stated in 10 CFR 20.1302 dunng penods of flssmn product leakage at desrgn
levels for the fuel. -

« " . : The system’s design features control the release of radloactnve matenals to the environs:

via gaseous effluents in accordance w:th GDC60. - -

. The system s desrgn features comply with GDC 61, as it relates to radroactlvrty control in
the WGS and the ventllatlon systems assocrated with fuel storage and handllng areas.

. - The system s desrgn features comply W|th GDC 3, as it relates to protecting the WGS
» from the effects of an exploswe mixture of hydrogen and oxygen
. A COL actuon Item provides for demonstratmg WGS complrance wrth 10 CFR Part 50
Appendrx I, requirements for populatlon doses (COL Actlon Item 11.3- 1) )

. The system’s design features satrsfy RG 1 140 and RG 1 143

. The capability of the system's design features ensure WGS conformance wrth BTP -
ETSB 11-5 gundehnes in the analysrs of a postulated waste gas system leak or fallure

. The applrcatlon provrdes mformatron suffrclent to comply wrth 10 CFR 50 34a, as it
relates to demonstrating that the design objectives for the equipment necessary to
control releases of radioactive effluents to the environment have been met

11.4 Solid Waste Management System

11.4.1 System Description and Review Discussion
The staff reviewed DCD Tier 2, Section 11.4, “Solid Waste Management » in accordance with

the gurdance and acceptance criteria described in SRP Section 11.4. Paragraph ll of SRP _
Section 11 4 provrdes the followrng aoceptance cntena for the WSS : '
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. 10 CFR 20.1302, as it relates to radioactive materials released in gaseous and liquid
effluents to unrestricted areas. These criteria apply to releases resulting from WSS
operation during normal plant operations and anticipated operational occurrences.

. 10 CFR 50.344, as it relates to providing adequate system design information

. GDC 60, as it relates to the design of the WSS incorporating the means to handle solid
wastes produced during normal plant operation, including AOOs

. GDC 63 and 64, as they relate to the design of the radioactive management system to
monitor radiation levels and leakage

. 10 CFR Part 61, as it relates to classifying, processing, and disposing of solid wastes

. 10 CFR Part 71, as it relates to packaging of radioactive materials

The relevant requirements listed above are reviewed using the regulatory positions identified in
RG 1.143, as they relate to the seismic design and quality group classification of the
components used in the WSS and the structures housing this system, as well as the provisions
to control leakage.

The WSS consists of equipment and instrumentation to collect, segregate, store, process,
sample, and monitor solid wastes. The WSS is designed to collect and accumulate wet solid
wastes (e.g., spent ion exchange resins, deep bed filtration media, filter cartridges), dry active
wastes (e.g., rugs, paper, clothing, HVAC filters), and mixed wastes for shipment to a licensed
waste disposal facility. The system is located in the auxiliary and radwaste buildings.
Processing and packaging of wastes are completed by mobile systems in the auxiliary and
radwaste buildings. The packaged waste is stored in the auxiliary and radwaste buildings until
it is shipped offsite to a licensed disposal facility.

DCD Tier 2, Figure 11.4-1 identifies the flows of wastes through the WSS. DCD Tier 2,

Table 11.4-10 lists WSS equipment design parameters. DCD Tier 2, Table 3.2-3 identifies the
AP1000 WSS pumps, tanks, filters, and certain valves as Class D. The spent resin system,
which is part of the WSS, contains the following major components:

two spent resin tanks, each with a volume of 8.5 cubic meters (m®) (300 cubic feet ( ft%))
a resin mixing pump

a resin transfer pump

a resin fines filter

a resin sampling device

The spent resin tanks provide holdup capacity for spent resin and filter bed media decay before
processing. The resin mixing pump fluidizes and mixes the resins in the spent resin tanks,
transfers water between spent resin tanks, discharges excess water from the tanks to the WLS
for processing and disposal, and flushes the resin transfer lines. The resin transfer pump
recirculates spent resins, via either one of the spent resin tanks, for mixing and sampling, for
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transferring spent resins between tanks, and for blending high- and low-activity resins to meet
the specific activity limit for disposal. . The resin transfer pump is also used to transfer spent
resins to a waste container in the fill stations or in its shipping cask, which is located inthe .
auxiliary building railcar bay. The resin sampling device collects a representative sample of the
spent resin either during spent resin recirculation or during spent resin waste container filing -
operations. The filter transfer cask permits remote changing of filter cartridges, dripless
transport to the storage area, transfer of the filter cartridges into and out of the filter storage,
and loading of the filter cartridges into disposal containers.” The resin dewatering pump, which -
is a part of the potable dewatering system, removes water from the spent resin disposal " -
container and discharges it to the spent resin tanks.- Waste disposal containers are to be
selected from available designs that meet the requwements of the U. S Department of -
Transportation (DOT) and the NRC. - : ,

Afilter transfer cask is used to change the hlgh-actuwty filters ot the CVS and spent fuel coollng !
system. The filter vessel is drained. If recent applicable sample analysis for the filter media is .

available, the filter cartridge can be loaded directly into a disposal container. However, if

analysis is required, the filter cartridge is placed in a high-activity filter storage tube until sample

analysis results are available. Upon completion of the analysis, and determination of packaging

requrrements a transfer cask is used to retrieve the cartndge from the storage tube and deposut

it in the waste contalner : » .

DCD Tier 2 Sectlon 11 4 states that the WSS does not handle Iarge radioactive waste
materials, such as core components. In RAI 460.009, the staff requested additional information
on how these radioactive materials would be handled. In response, the applicant stated that -
large and highly radioactive core or primary components will be handled on a specialized basis.
In general, these components can be held in the radwaste accumulation area or the SFP for
decay, or decontaminated either in place or in the hot machine shop and shipped to offsite
facilities. Bays in the radwaste building can also be used as temporary stagmg and processmg :
areas to decontaminate and package such components. :

At the radwaste building, low- and moderate-activity filter cartridges are deposited into dlsposal '
or storage drums. The drums are stored within portable shield casks in the shielded '~ '
accumulation room, which is serviced by the mobile systems facility crane. Depending on dose -
rates and analysis results, stabilization may or may not be needed. Cartridges not needing
stabilization are loaded into standard, 55-gallon shipping drums with absorbent. The drums

may be compacted using a mobile system.. When stabilization is necessary, the cartridges may
be loaded into either high-integrity containers or standard drums. If standard drums are used,"
mobile equipment is employed to encapsulate the contents of the drums. DCD Tier 2, '
Section 11.4.2.3.2 provrdes the details of the spent fllter processmg operatlons

Chemlcal wastes are accumulated in the chemrcal waste tank they are normally processed by
mobile equipment to reduce the volume and packaged into drums. The drums are then stored
in the packaged waste storage room of the radwaste building. : Mixed wastes are collected in -
suitable containers and brought to the radwaste building. They are normally sent to an offsrte
facility having mlxed waste processrng and dlsposal capabllmes T :
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Normally, the spent resin from the condensate polishing system demineralizers is
nonradioactive and is transferred directly to a truck or to the spent resin tank until it can be
removed offsite. If the condensate resins are radioactive, they are transferred from the
condensate polishing vessels or a spent resin tank to a temporary processing unit. The resins
are then dewatered and processed, as necessary, for offsite disposal. The applicant estimates
that the condensate polishing spent resins will have negligible radioactivity (see DCD Tier 2,
Table 11.4-6). Also, the applicant estimates the maximum generation volume for radioactive
condensate polishing resins to be 5.83 m® (206 ft°) per year. In DCD Tier 2, Sections 10.4.6.3
and 11.4.2.1, the applicant stated that nonradioactive spent resins do not need any special
packaging, and that radioactive condensate polishing resin will be disposed of in containers, as
permitted by DOT regulations. After packaging, the resins may be stored in the radwaste
building. DCD Tier 2, Section 10.4.6.3 states that a spill containment barrier is provided to
contain spent resin tank or condensate polish vessel contents in the event of a tank failure.
The spill containment barrier is a curb surrounding the area containing the spent resin tank and
condensate polisher vessel, which has sufficient height to contain the contents of a full tank or
vessel.

On the basis of their contact dose rates, dry wastes are segregated by portable shielding into
low-activity, moderate-activity, and high-activity wastes. The bags or containers containing
these dry wastes are transported to the radwaste building and placed into low-, moderate-, or
high-activity storage areas, depending upon their activity levels. High-activity wastes are
normally compacted in drums using a mobile compactor system. Moderate-activity wastes are
sorted and compacted by mobile equipment. The packaged wastes may be loaded directly into
a truck for shipment, or may be stored in the packaged waste storage room until a truck load is
accumulated. Low-activity waste generally contains a large amount of nonradioactive material.
These wastes will usually be processed through a mobile radiation monitoring and sorting
system to remove nonradioactive items for reuse or local disposal. The remaining radioactive
wastes are then compacted or packaged for disposal. DCD Tier 2, Section 11.4.2.3.3 and
Figure 11.4-1 provide the processing details for dry solid wastes.

DCD Tier 2, Section 11.4.1.3 states that the waste disposal containers are to be selected from
available designs that meet (1) the disposal requirements of 10 CFR Part 61, (2) specific -
criteria of the disposal facility chosen, and (3) the radioactive waste transportation requirements
of 10 CFR Part 71 and relevant DOT regulations. The verification of waste characteristics,
waste packaging, and waste disposal are within the purview of the COL applicant. Similarly, the
staff considers that the COL applicant will control the development of a process control program
(PCP), in compliance with 10 CFR Part 61, which identifies the operating procedures (i.e.,
boundary conditions for a set of process parameters such as settling time, drain time, drying
time, etc.) for processing wet solid wastes. Therefore, for each COL application, the staff will
review the PCP, including dewatering or solidification (if performed), and determine whether the
COL application demonstrates that the WSS complies with the requirements of 10 CFR 61.55,
10 CFR 61.56, 10 CFR Part 71, and relevant DOT regulations. A COL applicant referencing
the AP1000 certified design should submit a PCP that identifies the operating procedures for
processing wet solid wastes. The mobile system PCP should include a discussion of
conformance to RG 1.143, and should address the issues raised in Generic Letters

(GLs) 80-009 and 81-039. It should also include a discussion of equipment containing wet solid
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wastes in the nonseismic radwaste building. - In DCD Tier 2, Section 11.4.6, the applicant |
identified a COL action item to meet the above guidance concerning dewatering or solidification
of we wastes. This is COL Action Item 11.4-1, as identified in DCD Tier 2 Table 1 8-2 lt is
consistent with the gurdance in BTP ETSB 11-3. ,

The quurd and gaseous effluents resultrng from the WSS operatlon are released dunng normal
operation, including AOOs, to unrestricted areas through the WLS, and the monitored plant
vent, respectively. The liquids resulting from wet waste processing are routed to the WLS to be
processed before release to the environment. Specifically, the excess water from the spent
resin tanks is pumped by the resin mixing pump to the WLS through a resin-fines filter. The
radwaste and auxiliary buildings contain and drain spillage to the WLS through the radioactive
waste drain system. Sloped floors and floor drains are provided to collect and control the
release of radioactive materials that could be removed from stored solid waste by water
contact.

The pnmary spent resin tanks are located in the seismic Category ] auxrlzary burldmg that will
retain the maximum liquid and spent resin inventory of the spent resin tanks. The spent resin
tank vent and overflow connections have screens to prevent the discharge of spent resins. The
WSS has a resin-fines filter to minimize the spread of high-activity resin fines. The liquids and
gases that result from WSS operation are monitored by the WLS and WGS radiation monitors
before their release to the environs. In Sections 11.2 and 11.3 of this report, the staff
evaluated whether the activity of liquid and gaseous effluents is within the release limits of

10 CFR 20.1302 and found the AP1000 deS|gn to be acceptable.

In response to RAI 460 006, the appllcant |dent|f|ed the system's desrgn features for complymg
with GDCs 60, 63, and 64. GDC 60 requires that means be provided to handle radioactive solid
wastes produced during normal reactor operation, mcludrng AOOs. GDC 63 and 64 address
the radioactive system being designed for monitoring radiation levels and leakage within the
system. DCD Tier 2, Section 11.4 states that the WSS has the capability to handle the
apphcable categories of solid radwaste. . The higher radioactivity solid wastes, such as primary
resins and filters, are handled and packaged in specmc areas of the auxiliary building. As part
of the auxiliary burldmg, the HVAC for these areas is supplied by the radiologically controlled
area ventilation system (VAS). The VAS is contlnuously monitored for radioactivity, and if
activity above a predetermined setpoint is detected, the dlscharge is automatically diverted to -
the VFS. The VFS provides filtration and addmonal momtonng before discharge via the plant
vent.

Liquid that drarns from the auxrllary buuldmg is collected in the auxrllary burldlng sump and

routed to the WLS for processing and “monitored discharging.” - An area radiation

monitor (ARM) is provided in this area. Lower activity solid wastes are processed and

packaged in certain areas of the radwaste building. Ventilation for these areas is supplied by
the radwaste building HVAC system, which includes a radiation monitor and alarm before
discharge to the plant vent. The floor of the radwaste building is curbed and sloped to ensure

all dralnage is collected in sumps, which are in turn routed to the auxiliary building sump for
processing by the WLS. An ARM is provided in this area. Based on the above discussion, the
staff finds that the WSS complies with GDC 60, 63, and 64 with respect to monitoring and
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controlling solid waste storage and monitoring releases of radioactive materials to the
environment, respectively.

The WSS is a non-safety-related system and has no accident mitigation functions. The bulk of
the system is located in the radwaste building, which is not a seismic Category | structure.
According to DCD Tier 2, Appendix 1A, which pertains to the conformance of the radwaste
management systems to RG 1.143, the primary spent resin tanks are located in the auxiliary
building, which is a seismic Category | structure. This seismic Category | structure will hold the
maximum liquid and spent resin inventory of the spent resin tanks. Thus, the WSS complies
with Positions C.3.3 and C.5 of RG 1.143 regarding seismic design criteria for structures
housing solid radwaste management systems. '

The design of components and subsystems of the mobile systems that are used by contractors
to process wet solid wastes and chemical wastes are not within the scope of the AP1000
standard design. The portion of the WSS that is within the scope of the AP1000 standard
design is designed in accordance with Positions C.3, C.4, and C.7 of RG 1.143 with respect to
specific guidelines for solid radwaste systems; general guidelines for design, construction, and
testing criteria for radwaste systems; and general guidelines for providing QA for radwaste
management systems. DCD Tier 2, Appendix 1A provides a detailed discussion of how the
design of the WSS, and its housing structure, meets the applicable guidelines of RG 1.143.
Specifically, the subject Appendix states that the WSS components are designed and tested to
the guidelines set forth in the codes and standards listed in Table 1 of RG 1.143.

DCD Tier 2, Table 3.2-3 states that components such as pumps, tanks, filters, and applicable
valves of the WSS are designed to AP1000 Class D quality standards, which are equivalent to
the Quality Group D standards of RG 1.26. The QA program for design, fabrication,
procurement, and installation of radwaste systems is in accordance with the overall QA
program described in DCD Tier 2, Chapter 17. DCD Tier 2, Section 17.5 states that the COL
applicant will address its design phase QA program, as well as its QA program for procurement,
fabrication, installation, construction and testing of structures, systems and components in the
facility. The evaluation of the overall QA program is in Chapter 17 of this report. As set forth in
Chapter 17 of this report, a COL applicant will address these matters pursuant to COL Action
Item 17.5-1, and the staff will review them in the context of the COL application. The staff finds
the WSS acceptable with respect to meeting QA guidance specified in RG 1.143, provided that
the overall QA program described in any particular COL application is acceptable.

The staff will review, on a plant-specific basis, the mobile systems facility proposed by the COL
applicant (or its contractors) against the guidelines of RG 1.143. A COL applicant referencing
the AP1000 certified design should discuss how any mobile processing equipment intended for
use in the processing of solid radwaste meets the guidelines of RG 1.143 (see COL Action
ltem 11.4-1).

Based on the above, the staff finds that the AP1000 design conforms to the relevant guidance
of the regulatory positions identified in RG 1.143, as they relate to the seismic design, quality
group classification of components used in the WSS and the structures housing the system,
and the mobile process equipment.
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BTP ETSB 11-3, Position B111 provides the staff’s evaluation guidance regarding the
characteristics of solid waste storage capacity necessary to allow time for short-lived
radionuclides to decay prior to shipping. These characteristics are summarized as follows:

. Tanks accumulating spent resins from reactor water purification systems should be
capable of accommodating at least 60-days waste generation at normal generation
rates. Tanks accumulating spent resins from other sources, as well as tanks
accumulating filter sludges should be capable of accommodating at least 30- days waste
generation at normal generation rates. :

. Storage areas for solidified wastes should be capable of accommodating at least
30-days waste generation at normal generation rates. These storage areas should be
located indoors.

. Storage areas for dry wastes and packaged containment equibrhent should be capable
of accommodating at least one full offsite waste shipment.

In its response to RAI 460.007, Revision 1, the applicant provided the following information:

. The expected spent resin generation rate is 11.33 m?® (400 ft) per year. The AP1000
has two spent resin storage tanks, each with a capacity of 8.5 m® (300 ft®). This storage
capacity is capable of accommodating more than 60-days of waste generation.

. AP1000 does not incorporate waste solidification, but packaging of resin into high-
integrity containers (HICs) may be considered analogous A standard HIC provides
more than 120-days of storage capacity. Space is available in Room 12374 of the
auxiliary building for the storage of the Hle

. Storage areas for dry wastes and packaged contamment equipment in Rodms 50351
and 50352 of the radwaste building have sufficient capacity for more than two offsite
shipments.

Based on the above, the staff finds that the AP1000 design has sufficient onsite storage
capacity for the anticipated solid waste, consistent with BTP ETSB 11-3, Position B.III.

In GL 81-38, “Storage of Low-Level Radioactive Wastes at Power Reactor Sites,” the staff
provided guidance to licensees on the addition of onsite storage facilities for low-level
radioactive wastes generated onsite. The staff recognizes that the need for additional onsite
storage capacity for low-level radioactive wastes, beyond what has been provided in the
AP1000 standard design, is a site-specific issue. This need will depend upon the availability of
offsite low-level waste storage space for the site's wastes. Therefore, when such a need is
identified, the COL ‘applicant should submit the details of any proposed onsite, low-level
radioactive waste storage facility to the NRC. The staff will review and evaluate such a
proposed additional site-specific facility against the guidelines in GL 81-38, which is similar to
the guidance in Appendix 11.4-A to SRP Section 11.4. However, the staff did not find it
necessary to create a COL action item regarding the issues raised in GL 81-38 and, instead,
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asked the applicant, in RAI 460.008, to address them. In response, the applicant revised DCD
Tier 2, Section 11.4.6, to identify GL 81-38 as a part of COL Action ltem 11.4-1. The staff finds
the revision to DCD Tier 2, Section 11.4.6 to be acceptable.

Based on the information in the DCD and RAI responses discussed above, the staff finds that
the WSS meets the requirements of 10 CFR 50.34a, as they relate to the adequacy of design
information.

11.4.2 Conclusions

Based on the above, the staff concludes that the design of the WSS is acceptable because it
meets the acceptance criteria provided in SRP Section 11.4 as described below:

. The system, in conjunction with the WLS and WGS, is capable of maintaining the
concentration of any liquid or gaseous effluents in unrestricted areas arising from
system operation below the limits of 10 CFR 20.1302.

. Design features have been incorporated into the system to comply with GDC 60, 63,
and 64.

. Provisions for onsite storage of processed solid wastes conform to BTP ETSB 11-3,
Position B.lII.

. Quality group and seismic classification applied to the structures housing the system

conform to RG 1.143.

. COL applicants will be responsible for complying with the requirements of 10 CFR
Part 61 and 10 CFR Part 71 (part of COL Action Item 11.4-1),

. The applicant provided information sufficient to satisfy the requirements of 10 CFR
50.34a regarding the adequacy of design information.

Based on the above evaluation of the WSS, conducted in accordance with the applicable
acceptance criteria of Section 11.4 of the SRP, the staff finds the WSS to be acceptable.

11.5 Process and Effluent Radiological Monitoring and Sampling System

11.5.1 System Description and Review Discussion

The staff reviewed DCD Tier 2, Section 11.5, “Radiation Monitoring,” in accordance with the
guidance and acceptance criteria provided in SRP Section 11.5. Paragraph Il of SRP

Section 11.4 provides the following acceptance criteria for the process and effluent radiological
monitoring and sampling system:
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. 10 CFR 20.1302, as it relates to surveying radioactive effluents released to unrestricted
areas

. 10 CFR Part 50, Appendix A, GDC 60, as it relates to controlling the release of .
radioactive materials to the environment

. GDC 63 and 64, as they relate to monitoring radiation in fuel storage and radioactive
waste systems and associate handling areas (GDC 63) and the containment and the
plant environs (GDC 64)

. 10 CFR 50.34(f)(2)(xvii) and 10 CFR 50.34(f)(2)(xxvii), as they relate to monitoring
radiation and radioactivity levels for routine operating and accident conditions

Specific acceptance criteria for the relevant requirements identified above are as follows:

. The gaseous and liquid process streams, or effluent release points, should be
monitored and sampled according to Tables 1 and 2 of SRP Section 11.5.

. The design of systems should meet the provisions of the applicable positions in
RG 1.21, RG 1.97, and RG 4.15.

The process and effluent radiological monitoring and sampling system is used to measure,
record, and control releases of radioactive materials in plant process streams and effluent
streams. The system consists of permanently-installed sampling and monitoring equipment
designed to indicate routine operational radiation releases, equipment or component failure,
system malfunction or misoperation, and potential radiological hazards to plant personnel or to
the general public. The system generates signals to initiate the operation of certain safety-
related equipment to control radioactive releases under specified condition, as described below.

In the AP1000 design, radiation monitors are provided for the following processes and effluents:
. the auxiliary building fuel handling area exhaust

. exhaust from the rest of the auxiliary building areas, excluding two electrical penetration
rooms and two reactor trip switchgear rooms

J containment air filtration exhaust

. exhaust from the health physics area (|n annex building) and the hot machme shop area
(annex building)

. exhaust from the rest of the annex bdilding
. radwaste building exhaust
. gaseous radwaste system exhaust
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. plant vent exhaust
. containment atmosphere
. turbine island vent discharge

. MCR supply air

. primary sampling gaseous sample
o primary sampling liquid sample

. main steamline

. SG blowdown

. component cooling water system
. service water blowdown

. liquid radwaste discharge

. waste water discharge

DCD Tier 2, Sections 11.5.2.3.1, 11.5.2.3.2, and 11.5.2.3.3, and Table 11.5-1 provide
information on the monitored stream, detector type, normal range for the detector, automatic
function associated with the monitor, principal monitored radionuclides, and the locations of all
liquid and gaseous process systems and effluent radiation monitors. DCD Tier 2, Table 11.5-1
indicates that the radiation monitors at the MCR supply air duct are safety-related and the
monitors for the containment atmosphere are seismic Category I.

The exhausts from the diesel generator rooms (located in the stand-alone diesel generator
building), personnel areas, the electrical and mechanical equipment rooms of the annex
building, and the electrical penetration and reactor trip switchgear rooms of the auxiliary
building are not monitored because these areas do not contain any radioactive materials, and
they interface only with clean areas, thus precluding transfer of radioactive materials from
adjoining areas.

The annex building general area HVAC system normally maintains the personnel areas of the
annex building at a slightly positive pressure with respect to adjoining areas. Therefore, the
staff finds that the justification for not monitoring the exhausts of those areas mentioned above
is acceptable. Additionally, the staff finds that the above mentioned DCD Tier 2 sections and
table include all of the applicable gaseous and liquid processes and effluent streams identified
in Tables 1 and 2 of SRP Section 11.5.
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DCD Tier 2, Tables 11.5-1 and 11.5-2 identify all safety-related monitors, and DCD Tier 2,
Section 7.1.4 provides information on the requirements for safety-related monitors. DCD Tier 2,
Tables 11.5-1 and 11.5-2 list other radiation monitors which are discussed in DCD Tier 2,
Section 11.5.

Based on the above, the staff finds that the effluent monitors comply with GDC 64 with regard
to the monitoring of radioactive liquid and gaseous effluents from the plant.

The ARMs monitor the radiation levels in selected areas throughout the plant. These are
provided to supplement the personnel and area radiation survey provisions of the AP1000
health physics program. DCD Tier 2, Table 11.5-2 lists the following areas with ARMSs, along
with the nominal range and type of radiation measured:

containment high range

primary sample room
containment area personnel hatch
MCR

chemistry laboratory area

fuel handling area

railcar bay area

liquid and gaseous radwaste area
technical support center

radwaste building mobile systems facility
hot machine shop

annex staging and storage area

The detectors in these areas are gamma-sensitive Geiger-Muller tubes. These detectors are
capable of detecting the types and energies of radiation emitted from fuel and radioactive
waste. A local readout and alarm module is located in each area to visually guide personnel
before they enter the monitored areas. The containment ARMs and fuel handling ARMs
provide an alarm locally and in the MCR. Based on the above information, the staff finds that
the process and effluent monitoring and sampling system for the AP1000 standard design -
provides the needed monitoring for fuel and radloactlve waste storage and thus, complies with
GDC 63. : :

Besides the plant vent accident range monitor and ‘the condenser air removal exhaust monitor,
which monitor radioactive gaseous effluents during accidents, the following special-purpose
radiation monitors are provided either for momtonng dunng an accndent or triggering an
automatic control action: : . C

. Two main steamline radiation monitors,’ for monitoring radionuclide concentrations in the
two main steamlines and using the concentration data for calculating radioactive
- releases to the environment if the SG safety rellef or power-operated relief valves are
used to release steam to the atmosphere
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. Four containment high-range radiation monitors, for monitoring gamma radiation
intensities inside the containment following an accident and using the data for estimating
radioactive material inventory in the containment volume.

. Radiation-level monitors (two particulate detectors, two iodine detectors, and two noble
gas detectors), to monitor the radiation level in the air supply to the MCR and to activate
the MCR emergency habitability system if the concentrations of radioactive materials
exceed predetermined setpoints for the monitors.

DCD Tier 2, Sections 11.5.2.3.1 and 11.5.6.2 state that the MCR radiation monitors and
containment high-range monitors are environmentally and seismically qualified in accordance
with the guidelines of RG 1.89, “Environmental Qualification of Certain Electric Equipment
Important to Safety for Nuclear Power Plants,” and RG 1.100, “Seismic Qualification of Electric
and Mechanical Equipment for Nuclear Power Plants.” These monitors receive Class 1E
power. DCD Tier 2, Table 11.5-1 indicates that the steamline radiation monitors are
non-safety-related and receive non-Class 1E power. DCD Tier 2, Section 11.5.2.3.1 and
Table 11.5-1 provide the nominal range and type of radiation measured, the detector type, the
location, and the automatic control features (if provided) for these special purpose radiation
monitors.

The staff finds the range provided in DCD Tier 2, Table 11.5-1 for gamma radiation
measurement by the high-range containment radiation monitors inside the containment to be
acceptable because it meets the range criterion for such monitors specified in NUREG-0737,
Three Mile Island (TM!) Item 1I.F.1, Attachment 3, “Containment High-Range Radiation
Monitoring.” Therefore, the range complies with the applicable portions of 10 CFR
50.34(f)(2)(xvii). Also, the staff finds the ranges specified in DCD Tier 2, Table 11.5-1, for the
steamline and MCR radiation monitors to be acceptable because they are consistent with
applicable NRC guidance and industry standards. On the basis of the above discussion, the
staff finds that these special-purpose monitors comply with GDC 60 and 64 in terms of their
ability to control and monitor the release of radioactive materials to the environment.

The RMS initiates such control actions as reducing or terminating radioactive releases to the
environment upon detection of high radiation levels by the monitors in accordance with GDC 60.
Specifically, the WGS exhaust monitor and the liquid waste discharge monitor initiate contro}
actions to terminate the applicable discharge upon detection of high radiation levels by the
respective monitor. The MCR supply air duct radiation monitor isolates the MCR air intake and
exhaust ducts and activates the MCR emergency habitability system upon detection of high
radiation levels in the air intake by the MCR radiation monitor. The MCR habitability system is
discussed in Section 6.4 of this report. The fuel handling area exhaust radiation monitor, the
annex building exhaust radiation monitor, and the auxiliary building exhaust radiation monitor
(each located upstream of its respective exhaust air isolation dampers) initiate control actions to
automatically divert the exhaust from the applicable area to the VFS upon detection of high
radiation levels in the exhaust of the applicable area by its associated radiation monitor. This is
accomplished by closure of the affected area supply and exhaust air isolation dampers, opening
of the applicable exhaust air isolation dampers of the VFS, and starting the containment air
filtration exhaust unit. The turbine island vent discharge radiation monitor facilitates
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V- .
performance of corrective manual actions in a timely manner upon detection of high radiation
levels in the subject exhaust. The SG blowdown radiation monitor and the waste water
discharge monitor facilitate manual diversion of the applicable stream to the WLS for
processing by that system upon the detection of high radiation levels in the applicable stream
by the associated radiation monitor. The component cooling water system radiation monitor
facilitates manual isolation of the system and timely performance of leak repairs upon detection
of radiological leakage into the system. On the basis of the above discussion, the staff finds
that the AP1000 design permits control of radioactivity releases to the environs, in accordance
with GDC 60.

To comply with the numerical objectives in 10 CFR Part 50, Appendix |, for offsite doses
resulting from gaseous and liquid effluents during normal plant operation, including AOOs, COL
holders will need to limit annual and quarterly offsite doses. Additionally, if an applicant
proposes to use treatment systems (e.g., waste gas treatment by delay beds, demineralizers to
treat liquid radwaste, and VFS), the requirements for this design objective will be deemed to
have been met if the annual dose is not greater than 5 millirems and the applicant submits an
evaluation of the effect of the long-term buildup in the environment of radionuclides with half
lives longer than 1 year. The COL applicant will implement the items described above, as
specified in a plant controlled document. DCD Tier 2, Section 11.5.7 states that the COL
applicant is responsible for addressing the 10 CFR Part 50, Appendix | guidelines for offsite
individual doses and population doses via liquid and gaseous effluents. Thls is COL Action
Item 11.5-3, as identified in DCD Tier 2, Table 1 8-2

Additionally, a COL applicant will be required to limit average annual discharge concentrations
from the WGS and WLS to comply with 10 CFR Part 20.1302 which defines the criteria for -
radionuclide concentration limits in liguid and gaseous effluents. A COL applicant will provide
the associated setpoints for the applicable radiation monitors in the plant-specific ODCM.
Property designated setpoints, in conjunction with the automatic control features of the
applicable effluent monitors (e.g., termination of the discharge or diversions through the VFS),
will ensure that the AP1000 effluent monitors comply with 10 CFR 20.1302. The staff will
review the plant-specific radiological effluent TSs, as well as the setpoints listed in the
plant-specific ODCM, for each COL application. (Conformance with 10 CFR Part 50,
Appendix |, and 10 CFR 20.1302 have been previously identified as COL Action ltems 11.2-2, -
11.2-4, and 11.3-1.) The COL applicant will develop an ODCM that contains the methodology
and parameters used for calculation of offsite doses resulting from gaseous ‘and liquid effluents.
The ODCM will include planned discharge flow rates. The COL applicant will address -
operational setpoints for the radiation monitors, as well as programs for monitoring and
controlling the release of radioactive material to the environment, thus eliminating the potential
for unmonitored and uncontrolled release (COL Action ltem 11.5-1).

The staff reviewed DCD Tier 2, Section 11.5, against the SRP guidelines in Section 11.5,

Tables 1 and 2. These tables list provisions for monitoring and sampling gaseous and liquid
effluent streams. DCD Tier 2, Sections 11.5.2.3.1 through 11.5.2.3.3, Tables 11.5-1 and 11.5-
2, Tables 9.3.3-1 through 9.3.3-3, and Tables 9.3.4-1 and 9.3.4-2 set forth the provisions of the -
design for monitoring and sampling these effluent streams. The system provides for ‘
continuous and representative sampling of airborne particulate and iodine radioactivities for the
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plant vent discharge which is a major gaseous effluent stream. The system also provides for
grab sampling for noble gases, iodines, particulates, and tritium for the gaseous radwaste
system discharge. For liquid streams, the system provides grab sampling and analysis
capability for gross radioactivity determination, identification of principal radionuclides and alpha
emitters, and measurement of their concentration for the following areas:

the chemical waste tank
the primary spent resin tank
the WLS monitor tanks

the waste holdup tanks

SRP Section 11.5, Paragraph 11.3, states that provisions should be made for administrative and
procedural control for (1) necessary auxiliary or ancillary equipment, (2) special features for the
instrumented radiological monitoring sampling, and (3) analysis of process and effluent
streams. In RAI 460.011, the staff requested the applicant to demonstrate that the AP1000
design meets this guidance. In response to the RAI, the applicant stated that SRP

Section 11.5, Paragraph I1.3 cites RGs 1.21 and 4.15 for meeting this guidance. The AP1000
conforms to this guidance, as demonstrated in DCD Tier 2, Sections 9.3.3 and 11.5, particularly
Tables 9.3.3-1 and 9.3.3-2 (which list plant sample points) and Tables 11.5-1 and 11.5-2 (which
list radiation monitoring points). All major and potentially significant paths for release of
radioactivity are monitored. RG 4.15 provides QA guidance for radiation monitoring programs.
The guidelines provided in ANSI N13.1-1969 and RGs 1.21 and 4.15 (dealing with sampling
programs, reporting radioactivity measurements, and QA for radiological monitoring programs)
apply to operational programs. As such they are not within the scope of the AP1000 standard
design. Consequently, the staff will review conformance of the radiological monitoring and
sampling programs with the specific guidelines of the above documents on a plant-specific
basis for each COL application.

DCD Tier 2, Section 11.5 states that the RMS is designed in accordance with ANSI
N13.1-1969. DCD Tier 2, Section 11.5.7 states that the COL applicant is responsible for
ensuring that the process and effluent monitoring and sampling program at its site conforms to
the guidelines of ANSI-N13.1-1969, RG 1.21, RG 4.15. This is COL Action ltem 11.5-2, as
identified in DCD Tier 2, Table 1.8-2.

The ranges of the following AP1000 post-accident radiation monitors are consistent with the
ranges specified in RG 1.97 for such monitors:

the main steamline radiation monitors
high-range radiation monitors

plant vent accident range radiation monitor
turbine island vent discharge radiation monitor
primary sample room monitor

DCD Tier 2, Table 11.5-1 and Section 11.5.2.3.3 provide a discussion of postaccident
monitoring and sampling instrumentation, particularly as it relates to the compliance of such
instrumentation for plant gaseous effluents with the requirements of 10 CFR 50.35(f)(2)
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(NUREG-0737, TMI Item I1.F.1, Attachments 1 and 2). Based on a review of the above DCD
Tier 2 sections, the stalf finds that only the plant vent discharges gaseous effluents directly to -
the environment. The plant vent has an accident-range effluent monitor to continuously monitor
noble gas concentrations in gaseous effluents during and following an accident. Also, the vent
is designed to allow for grab samples and analysis of plant gaseous effluents for iodine'and
particulates during and following an accident. The staff confirmed, from DCD Tier 2, o
Section 11.5.2.3.3, that the AP1000 design provides a continuous sampling capability and
onsite analysis capability for iodines and particulates in the plant vent gaseous effluent during
and following an accident.

The turbine island vent discharge has a noble gas eﬂluent monitor which can continuously
monitor noble gas concentrations in gaseous effliuents through the vent during normal
operation, as well as during and following an accident. The upper limits for concentration
measurements for the accident-range effluent monitor for the plant vent, the accident- and
low-range effluent monitors for the condenser air removal system exhaust vent, and the
high- range monitor for the containment area are bounded by the limits specified for such
monitors in NUREG-0737, TMI ltem II.F.1, Attachments 1 and 2. Accordingly, the staff finds
the specrfred ranges for these monitors acceptable

Furthermore, the staff reviewed the following mformatron regarding accident monitoring
instrumentation:

. procedures and/or methods for converting radratlon measurements into release rates of
gaseous drscharges through the vents

. samplrng techniques used to monitor and sample effluent gases to assure that a
representative sample is taken

e - the sampling system's capablhty to marntarn rsokrnetlc conditions dunng and followrng
an accident

. collection techniques to extract a representative sample of radioactive iodine and

particulates during and follbwing an accident

. calibration frequency and techniques for radiation monitors

. shielding for the samplin‘g systems and tne shielding design ef the systems to conform -
with the guidelines of NUREG-0737, TMI Item 1l.F.1, Attachment 2

J radiation reading capability (readings are centinuous)

¢ location of instrument readouts |

Based on its review, the staff finds that the accident monitoring instrumentation provided in the
AP1000 design for monitoring noble gases in gaseous effluents, as well as for sampling and
analyzing the plant effluent for post-accident releases of radioiodine and particulates, meets the
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guidelines of NUREG-0737, TMI Item II.F.1, Attachments 1 and 2, regarding accident
monitoring instrumentation. Therefore, the design complies with the applicable portions of
10 CFR 50.34(f)(2) (xxvii), which incorporate the subject TMI requirements.

The staff reviewed the AP1000 design regarding the issues identified in NRC Bulletin 80-10,
“Contamination of Nonradioactive System and Resulting Potential for Unmonitored,
Uncontrolled Release to the Environment.” Specifically, the staff reviewed the following
AP1000 design features, as identified in DCD Tier 2, Sections 9.2.9, 9.3.5, 9.4.2, and 9.4.10:

. the ability to detect the contamination of nonradioactive systems

. the ability to prevent the potential for unmonitored and uncontrolled release of
radioactive material to the environment

On the basis of this review, as discussed in this section and Section 11.2 of this report, the staff
finds that the AP1000 design segregates the radioactive systems from the nonradioactive
systems, and all radioactive or potentially radioactive effluent pathways are monitored before
the effluents are released to the environment. For example, drain systems that carry
radioactive wastes generally do not contain piping connections that could allow the inadvertent
transfer of radioactive fluid into nonradioactive piping systems. Where such connections do
exist, back-flow prevention is provided in the nonradioactive piping. The annex/auxiliary
building nonradioactive HVAC system and the diesel generator building HVAC system are
segregated from radioactive HVAC systems. The normally nonradioactive secondary coolant
system sampling drains and other waste water are diverted to the WLS for processing and
monitoring, if detected to be radioactive (a radiation monitor is provided for monitoring the
normally nonradioactive waste water discharge). The staff further notes that the applicant
considered the issues identified in NRC Bulletin 80-10 regarding contamination of
nonradioactive systems as part of the COL surveillance issue (the applicant’s submittal dated
July 2004, WCAP-15800, Revision 3). On this basis, the staff finds that DCD Tier 2,

Sections 9.2.9, 9.3.5, 9.4.2, and 9.4.10 satisfactorily address the concerns raised in NRC
Bulletin 80-10. The design features in the AP1000 design are adequate to detect the
contamination of nonradioactive systems and to prevent the potential for unmonitored and
uncontrolled release of radioactive material to the environment. In addition, the staff expects
that the COL applicant will periodically verify that these design features function as intended. A
COL applicant referencing the AP1000 certified design should provide details of its proposed
program to eliminate the potential for unmonitored and uncontrolled release of radioactive
material to the environment. In DCD Tier 2, Section 11.5.7, the applicant stated that the above-
requested program will be included in the site-specific ODCM (COL Action Item 11.5-1).

SRP Section 11.5, Paragraph 11.2 states that provisions should be made to purge and drain
sample streams back to the system of origin or to an appropriate waste treatment system. In
RAI 460.010, the staff requested the applicant to explain the provisions in the AP1000 design to
address this criterion. In response to the RAI, the applicant stated that AP1000 sample points
are listed in DCD Tier 2, Tables 9.3.3-1 and 9.3.3-2 as either “Continuous” or “Grab” sampling.
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Continuous sampling provides online monitoring where the sample is not physically removed
from its system of origin. Therefore, these continuous sampling streams meet the guidance of -
the SRP. Grab sampling is discussed in DCD Tier 2, Sections 9.3.3.2.1 (liquid) and 9.3.3.2.2
(gas). As noted in those sections, purge capability is incorporated with the purge flow routed to
the effluent holdup tank in the WLS. The samples themselves are carried to an onsite
radioactive chemistry laboratory for analysis. This laboratory has provisions for draining
radioactive, reactor coolant-grade samples to the WLS effluent holdup tank . Other radioactive
samples are drained from the laboratory to the WLS chemical waste tank. A special provision
is made in the primary sampling system for containment atmospheric samples, which are
purged and pumped to the containment sump. As a contingency, this return connection could
also be used for other samples from inside containment. Based on the above, the staff finds
that the AP1000 design meets the guidance of SRP Section 11.5, Paragraph 1.2, regarding
disposition of sample streams.

11.5.2 Conclusions

The staff verified that sufficient information was provided in DCD Tier 2, Section 11.5, and the
RAI responses discussed above. For the reasons set forth above, the staff concludes that the
process and effiuent radiological monitoring instrumentation and sampling systems are
acceptable and meet the relevant requirements of 10 CFR 20.1302, 10 CFR 50.34(f)(2)(xvii)
and 50.34(f)(2)(xxvii), as well as GDC 60, 63, and 64. This conclusion is based on the
following:

. The staff reviewed the provisions proposed in DCD Tier 2, to sample and monitor all
plant effluents in accordance with GDC 64. The process and effluent radiological
monitoring and sampling systems include instrumentation for monitoring and sampling
radioactivity in contaminated liquid, gaseous, and solid waste process and effluent
streams. This is demonstrated by the fact that all the processes and effluent streams
identified in Section 11.5, Tables 1 and 2, of the SRP are included in DCD Tier 2,
Section 11.5.2.3 and DCD Tier 2, Table 11.5-1.

. The staff reviewed the provisions for conducting sampling and analytical programs, in
accordance with the guidelines in RG 1.21 and 4.15, as well as the provisions for
sampling and monitoring process and effluent streams during postulated accidents in
accordance with the guidelines in RG 1.97. These sampling and analytical programs
conform to the guidance.

. The staff reviewed the provisions proposed in DCD Tier 2, to provide automatic
termination of effluent releases and to ensure control over discharge, in accordance with
GDC 60. Section 11.5.1 of this report discusses controlling releases of radioactive
materials from WGS exhaust, WLS discharge, MCR air supply, fuel handling area,
annex building exhaust, auxiliary building exhaust, turbine island vent discharge, SG
blowdown, waste water discharge, and component cooling water. In Section 11.5.1 of
this report, the staff reviewed and found the design features aimed at controlling
radiation releases acceptable.
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As discussed in Section 11.5.1 of this report, the staff review included the provisions proposed
in DCD Tier 2, for sampling and monitoring the fuel handling and waste storage areas in
accordance with GDC 63.

Based on the above review, the staff has determined that the AP1000 RMS design meets the
guidelines of SRP Section 11.5. Therefore, it is acceptable.
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12. RADIATION PROTECTION

12.1 Introduction

The AP1000 Design Control Document (DCD) Tier 2, Chapter 12, “Radiation Protection,”
describes the radiation protection measures of the AP1000 reactor design and operating
policies. The U.S. Nuclear Regulatory Commission (the NRC or staff) evaluated this
information against the criteria in Chapter 12, NUREG-0800, “Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power Plants—LWR Edmon” (SRP)

The AP1000 reactor design mcorporates radiation protectlon measures intended to ensure that
internal and external radiation exposures to station personnel, contractors, and the general
population, resulting from plant conditions, including antlclpated operational occurrences
(AOOs), will be within regulatory criteria and will be as low as is reasonably achievable
(ALARA). Doses to the public under these conditions are discussed in Chapter 11,
“Radioactive Waste Management,” of this report.” As set forth in Chapter 11 of this report,
normal operational doses to members of the public meet the requirements of 10 CFR Part 20
that set limits on doses for persons in unrestricted areas. With respect to occupational doses,
the applicant's radiation protection design and program features should also be consistent with
the guidelines of Regulatory Guide (RG) 8.8, “Information Relevant to Ensuring that
Occupational Radiation Exposures at Nuclear Power Stations Will Be As Low As Is Reasonably
Achievable,” Revnsmn 3, dated June 1978, or an acceptable alternative.

Compliance with these criteria provides assurance that doses to workers will be maintained
within the limits of Title 10 of the Code of Federal Requlations (CFR) Part 20, “Standards for
Protection Against Radiation.” The requirements of 10 CFR Part 20 applicable to workers at an
NRC-licensed facility limit the sum of the external whole-body dose (deep dose equivalent) and
the committed effective equivalent doses resulting from radioactive material deposited inside
the body (deposited through mject:on absorption, ingestion, or inhalation) to 50 millisievert
(mSv) (5 rem) per year with a provision (i.e., by planned special exposure) to extend it to 100
mSv (10 rem) per year with a lifetime dose Iimit of 250 mSv (25 rem) due to planned special
exposures.

The SRP acceptance criteria provide assurance that the radiation doses resulting from
exposure to radioactive sources both outside and msude the body can each be maintained
ALARA and well within the limits of 10 CFR Part 20. The balancing of internal and external
exposure necessary to ensure that their sum is ALARA is an operational concern. An applicant
seeking a combined license (COL) must address these operatlonal concerns, as well as
programmatic radiation protection concems. e

The staff has received sufficient information from the apphcant to conclude that the radiation
protection measures incorporated in the AP1000 reactor design offer reasonable assurance
that occupational doses during all plant operations will be maintained ALARA and within the
limits of 10 CFR Part 20. The following sections present the bases for the staff’s conclusions.
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12.2 Ensuring That Occupational Radiation Doses Are As Low As Is Reasonably
Achievable

The staff reviewed the information in DCD Tier 2, Section 12.1, “Assuring That Occupational
Radiation Exposures Are As Low As Reasonably Achievable,” to assess adherence to the .
guidelines in RG 1.70, “Standard Format and Content of Safety Analysis Reports for Nuclear
Power Plants,” Revision 3, as well as the criteria in Section 12.1 of the SRP regarding the
radiation protection aspects of the AP1000 reactor design. Specifically, the staff reviewed DCD
Tier 2, Section 12.1 to ensure that the apphcant had either committed to adhere to the criteria of
the RGs and staff positions referenced in Section 12.1 of the SRP, or had provided acceptable
alternatives. The staff finds that DCD Tier 2, Section 12.1 is consistent with the guidance
contained in these RGs and applicable staff positions. Therefore, the staff concludes that the
relevant requirements of 10 CFR Part 20 have been met.

12.2.1 Policy Considerations

In DCD Tier 2, Section 12.1.1, “Policy Considerations,” the applicant described the design,
construction, and operational policies that have been implemented to ensure that ALARA
considerations are factored into each stage of the AP1000 design process. The applicant has
committed to ensure that the AP1000 plant will be designed and constructed in a manner
consistent with the guidelines of RG 8.8. In particular, DCD Tier 2, Section 12.1.1.1, “Design
and Construction Policies,” states that the applicant has met this commitment by reviewing the
plant design during the design phase for ALARA considerations. This ALARA policy is
consistent with the guidelines of RG 8.8 and is therefore acceptable.

The requirements of 10 CFR Part 20 specify that all licensees must develop, document, and
implement a radiation protection program. Specifically, this program shall encompass the
ALARA concept and include provisions for maintaining radiation doses and intakes of
radioactive materials ALARA. The detailed policy considerations regarding overall plant
operations and implementation of such a radiation protection program are outside the scope of
this design certification review. The operational ALARA policy forms the basis for the operating
station's ALARA manual. In order to maintain doses to plant personnel ALARA, the applicant
stated, in DCD Tier 2, Section 12.1.3, “Combined Licensee Information,” that the COL applicant
will review all plant procedures and modification plans that involve personnel radiation exposure
to ensure that the ALARA policy is applied. In addition, a COL applicant referencing the
AP1000 certified design will address operational ALARA concerns and will submit an
operational ALARA policy which conforms to the requirements of 10 CFR Part 20 and the
recommendations of Revision 2 to RG 1.8, “Qualification and Training of Personnel for Nuclear
Power Plants,” RG 8.8, and Revision 1-R to RG 8.10, “Operating Philosophy for Maintaining
Occupational Radiation Exposure As Low As |s Reasonably Achievable.” The staff identified
this issue as COL Action ltem 12.2.1-1.
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12.2.2 Design Considerations

The plant radiation protection design should ensure that individual doses and total person
roentgen equivalent man (rem) doses to plant workers and to members of the public are
ALARA, and individual doses are maintained within the limits of 10 CFR Part 20. DCD Tier 2,
Section 12.1.2, “Design Considerations,” describes the objectives for the general design and
shielding to minimize the time employees spend in radiation areas and to minimize radiation
levels in areas routinely occupied and housing equipment requiring attention by plant personnel.
DCD Tier 2, Section 12.1.2 also states that these design considerations are consistent with the
guidelines in RGs 8.8 and 8.10. Specifically, DCD Tier 2, Section 12.1.2 states that the basic
management philosophy guiding the AP1000 design is to ensure that exposures are ALARA by
designing structures, systems, and components to achieve the following objectives:

. Attain optimal reliability and maintainability, thereby reducing malntenance reqwrements
for radioactive components.

. ‘Reduce radiation fields, thereby allowing operations, maintenance, and mspection
activities to be performed in reduced radiation fields.

. Reduce access, repair, and equipment removal times, thereby reducing the time spent
* in radiation fields.

. Accommodate remote and semi-remote operation, maintenance, and inspection,
thereby reducing the time spent in radiation fields.

In addition, DCD Tier 2, Section 12.1.2 describes several design features WhICh satisfy the
objectives of the plant’s radiation protection program

. The use of highly reliable eqmpment reduces the frequency of maintenance and
associated personnel exposure.

. Except in limited applications where it is necessary for reliability considerations,
materials in contact with the reactor coolant system (RCS) have low concentrations of
cobalt and nickel. This reduces the amounts of cobalt-60 and cobalt-58 introduced in
the RCS. (Cobalt-60 and cobalt-58 are the major sources of radiation exposure during
shutdown, malntenance and mspectlon activmes at light water reactors (LWRs).)

. Adequate spacmg and laydown areas facmtate access for- maintenance and inspection.

. The amount of time spent in radiation areas is minimized with enhanced servicing
convenience for anticipated maintenance or potential repairs, including ease of
disassembly and modularization of components for replacement or removal to alower’
radiation area for repair.

. Radioactive systems are separated from non-radioactive systems, and high radiation
sources are located in separate shielded cubicles.

12-3



Radiation Protection

. Equipment requiring periodic servicing or maintenance (e.g., pumps, valves, and control
panels) are separated from sources with higher radioactivity such as tanks and piping.

. Valves located in high radiation areas are equipped with reach rods or motor operators
to minimize operator exposure.

. Equipment and piping are designed to minimize the accumulation of radioactive
materials.

. Drains are located at low points.

. Piping is seamless, and the number of fittings is minimized, thereby reducing the
radiation accumulation at seams and welds.

. Use of flushing connections minimizes the buildup of crud in system components.

. Systems that produce radioactive waste are located close to radwaste processing

systems to minimize the length of piping runs carrying highly radioactive material.

. Pipes that carry resin slurries are run vertically as much as possible and large-radius
bends are used instead of elbows, thereby minimizing the potential for pipe plugging.

These design considerations incorporate the basic management philosophy guiding the
AP1000 design effort and are consistent with the guidelines in RG 8.8. Therefore, the staff
finds them to be acceptable.

In addition to the features described above, the AP1000 reactor design incorporates several
features that represent improvements over many currently operating plants:

. The AP1000 design accommodates the use of robotic technology to perform
maintenance and surveillance in high radiation areas.

. The design reduces the number of components containing radioactive fluids and clearly
and deliberately separates clean areas from potentially contaminated areas.

. The design eliminates the need for waste and recycle evaporators and the boron recycle
system, which have historically required frequent operational and maintenance attention,
exposing plant personnel to substantial levels of radiation.

The design features described in DCD Tier 2, Section 12.1.2 are intended to minimize
personnel exposures and comply with the guidelines of RG 8.8. As such, these design features
should maintain individual doses and total person-rem doses to plant workers and to members
of the public ALARA, while maintaining individual doses within the limits of 10 CFR Part 20.

The staff therefore finds these design features to be acceptable.
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12.2.3 Operational Considerations

Operational considerations regarding the implementation of a radiation protection program are
outside the scope of this design certification review. The applicant has stated that a COL
applicant who references the AP1000 certified design will address operational considerations
consistent with the level of detail provided in Revision 3 of RG 1 70 Section 12 of the SRP lists
the following RGs that the COL applicant must dddress .

RG 8.2, “Guide for Administrative Practices in Radiation Monitoring,” February 19731
RG 8.20, “Applications of Bioassay for I-125 and |-131,” Revision 1, September 1979

RG 8.26, “Applications of Bioassay for Fission and Activation Products,”
September 1980

RG 8.27, “Radiation Protection Training for Pefsonnel al'nght-Water Cooled Nuclear
Power Plants,” March 1981 _

RG 8.28, “Audible-Alarm Dosimeters,” August 1981

Since the issuance of Chapter 12 of the SRP in 1981, the staff has revised some existing

RGs and has developed additional RGs to address new issues that have resulted from the
major revision of 10 CFR Part 20 in 1991. Some of the new or revised RGs that pertain to DCD
Tier 2, Chapter 12 are listed below:

RG 8.7, “Instructions for Record Keeping and Recording Occupatlonal Radlatlon .
Exposure Data,” Revision 1, June 1992 A

RG 8.9, “Acceptable Concepts Models, Equatlons and Assumptlons for a Bioassay
Program,” Revision 1, July 1993

RG 8.13, “Instruction Concerning Prenatal Radiation Exposure,” Revision 3, June 1999
RG 8.15, “Acceptable Programs for Resplratory Protectlon ' Revision 1, October 1999
RG 8.25, “Air Samplmg in the Work Place " Revnsnon 1, June 1992

RG 8.29, “Instructions Concerning Risks from Occupational Radiation Exposure
Revision 1, February 1996

RG 8.34, “Monitoring Criteria and Methods to Calculate Occupational Radiation Doses,”
July 1992 V \

RG 8.35, “Planned Special Exposures,” June 1992
RG 8.36, “Radiation Dose to the Embryo/Fetus,” July 1992
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. RG 8.38, “Control of Access to High and Very High Radiation Areas in Nuclear Power -
Plants,” June 1993

Addressing the above RGs is outside the scope of this design certification review. In DCD

Tier 2, Section 12.1.3, the applicant stated that the COL applicant will address operational
considerations of the SRP consistent with the level of detail provided in RG 1.70. The applicant
also listed the following RGs that the COL applicant will need to address in its application—8.2,
8.7, 8.9, 8.13, 8.15, 8.20, 8.25, 8.26, 8.27, 8.28, 8.29, 8.34, 8.35, 8.36, and 8.38. The staff
identified this issue as COL Action ltem 12.2.3-1.

12.2.4 Conclusion

Based on the information supplied by the applicant, as described above, the staff concludes
that the AP1000 design features meet the criteria of Section 12.1 of the SRP. These design
features are intended to maintain individual doses and total person-rem doses to plant workers
and to members of the public ALARA, while maintaining individual doses within the limits of 10
CFR Part 20. Therefore, the staff finds the AP1000 design features to be acceptable. The
COL applicant will address the policy and operational considerations for the AP1000. The staff
finds it acceptable for the applicant to defer discussion of the material addressed by COL Action
ltems 12.2.1-1 and 12.2.3-1. The staff will determine compliance with the requirements of

10 CFR Part 20 in these areas during the COL review.

12.3 Radiation Sources

The staff reviewed the descriptions of the radiation sources given in DCD Tier 2, Chapter 11,
“Radioactive Waste Management,” and DCD Tier 2, Section 12.2, “Radiation Sources,” to
assess completeness against the guidelines in RG 1.70 and the criteria in Section 12.2 of the
SRP. The applicant will use the contained source terms described in the DCD as the basis for
the radiation design calculations (shielding and equipment qualification) and personnel dose
assessment. The applicant will use the airborne radioactive source terms in the DCD in the
design of ventilation systems and for assessing personnel dose. The staff reviewed the source
terms in the DCD to ensure that the applicant had either commiitted to follow the guidelines of
the RGs and staff positions set forth in Section 12.2 of the SRP, or provided acceptable
alternatives. Where the DCD adheres to these RGs and staff positions, the staff can conclude
that the relevant requirements of 10 CFR Part 20 and 10 CFR Part 50, Appendix A (General
Design Criterion (GDC) 61, “Fuel Storage and Handling and Radioactivity Control”) have been
met.

12.3.1 Contained Sources
In DCD Tier 2, Section 12.2.1, “Contained Sources,” the applicant describes the shielding
design source terms during normal full-power operation, shutdown, and design basis accident

events. To calculate these shielding design source terms, the applicant assumed 0.25-percent
fuel cladding defects at full-power operation. Other than the reactor core, the RCS is the
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principal contributor to radiation levels in the containment. Sources of radlatnon in the RCS
mclude the followmg

. fission products (which are released from defectlve fuel cladding)
. activation products
. corrosion products

Of these radiation sources, the activation product nitrogen-16 (N-16) is the predominant
radionuclide in the RCS piping, reactor coolant pumps (RCPs), and steam generators (SGs) (all
of which are located in containment) during plant operations. Containment access, however, is
not normally required during power operation of the AP1000, and the apphcant does not
anticipate access to the loop compartments. The nitrogen-16 activity is not a factor in the
radiation sources for systems and components located outside containment during normal
power operations because of the short half-life (7.11 seconds) of N 16. In addition, the norma|
letdown flow path is entirely msude containment.

The applicant used the design basis source term values for the various radionuclides in
determining the shielding design necessary to obtain the desired plant area radiation levels for
the AP1000. In arriving at the design basis corrosion product activity levels for the AP1000, the
applicant used a set of values that are reasonably conservative relative to current operating
plant experience. The AP1000 design basis source term values (values used to determine the
shielding thickness) for the major corrosion product nuclides exceed the average operatmg
four-loop plant measured values by factors in the range of 2to0 7.

In accordance with the criteria set forth in Section 12 2 of the SRP DCD Tier 2, Sectlon 12.2.1-
describes all large contained sources of radiation which are used as the basis for designing the
radiation protection program and completing shield design calculations. These sources include
the reactor core; the RCS; the chemical and volume control system; spent fuel and the spent
fuel pool cooling system; the liquid, gaseous, and solid radwaste systems; and other —
miscellaneous sources. For each of these contained sources, the applicant provided either the
source strength by energy group or the associated maximum activity levels listed by isotope..
The DCD provides system layouts within rooms or cubicles, as well as information about the
type and size of components in these systems. .In its response to staff request for additional
information (RAIl) 471.007, the applicant provided additional clarifying information on
dimensions, volumes, material, and equnpment self-shleldlng for dominant radiation sources
within the plant. . : :

Section 12.2 of the SRP also states that this section should include descriptions of any required
radiation sources containing byproduct, source, and special nuclear materials. In DCD Tier 2,
Section 12.2.3, “Combined License Information,” the applicant stated that the COL applicant will
address any contained radiation sources not identified in DCD Tier 2, Section 12.2.1, including
radiation sources used for instrument cahbratlon or radiography. The staff identified this issue
as COL Action Item 12.3.1-1.

The AP1000 core activity release model for a core melt accident is based on the source term
model from NUREG-1465, “Accident Source Terms for Light-Water Nuclear Power Plants.”
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The applicant used the resulting source strengths to calculate post-accident dose rates, as well
as worker doses incurred during vital area access/activities following an accident. In the event
of core degradation, core cooling would be provided by the passive core cooling system, which
is totally inside the containment such that no high activity sump solution would be recirculated
outside the AP1000 containment. The use of the NUREG-1465 source term model complies
with the requirements of 10 CFR 50.34(f)(2)(vii). Therefore, the staff finds the use of this
accident source term acceptable.

The DCD also includes the assumptions that the applicant used in arriving at quantitative values
for contained and airborne source terms, based on the relevant requirements of GDC 61 and
10 CFR Part 20.

12.3.2 Airborne Radioactive Material Sources

In DCD Tier 2, Section 12.2.2, “Airborne Radioactive Material Sources,” the applicant described
the sources of airborne radioactivity for the AP1000 reactor design. These include leakage of
primary coolant and activation of naturally occurring argon in the atmosphere in containment;
leakage from stored spent fuel assemblies and evaporative losses from the spent fuel pool in
the fuel-handling area; and primary equipment leakage in the auxiliary building.

The applicant uses airborne radioactive source terms in the design of ventilation systems and
for personnel dose assessment. RG 1.70 states that DCD Tier 2, Section 12.2 should include a
tabulation of the calculated concentrations of airborne radioactive material, by nuclide, for areas
normally occupied by operating personnel. DCD Tier 2, Section 12.2 describes the
assumptions and parameters used to determine the maximum expected airborne radioactivity
concentration levels during normal operations in the containment, fuel-handling area, and
auxiliary building.

12.3.3 Conclusion

On the basis of its review of the information on radiation sources supplied by the applicant for
the AP1000, as described above, the staff concludes that the applicant has committed to follow
the guidelines of the RGs and staff positions set forth in Section 12.2 of the SRP. The staff
finds that DCD Tier 2, Section 12.2 is consistent with the guidance contained in these RGs and
staff positions. Therefore, the statf concludes that the relevant requirements of 10 CFR Part 20
and GDC 61 have been met. The staff finds it acceptable for the applicant to defer discussion
of the material addressed by COL Action Item 12.3.1-1. Thus, the staff finds the material
contained in DCD Tier 2, Section 12.2 acceptable.

12.4 Radiation Protection Design

The staff reviewed the facility design features, shielding, ventilation, and area and airborne
radiation monitoring instrumentation contained in DCD Tier 2, Section 12.3, “Radiation
Protection Design Features,” for adherence to the guidelines in RG 1.70 and the criteria in
Section 12.3-12.4 of the SRP. The purpose of this review was to ensure that the applicant had
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either committed to follow the guidelines of the RGs and applicable staff positions, or offered
acceptable alternatives. Where the DCD adheres to these RGs and staff positions, the staff
can conclude that the relevant requirements of 10 CFR Parts 20, 50, and 70 have been met.

The following sectlons present the staff's flndlngs

12.4.1 Facility Design Features

The AP1000 reactor design incorporates several features to help maintain occupational
radiation exposures ALARA in accordance with the guidance in RG 8.8. These design features
are founded on the ALARA design considerations described in DCD Tier 2, Section 12.1 and '
discussed in Sectlon 12.2.2 of this report.

The AP1000 reactor vessel design mcludes an integrated head package Wthh combines the
head lifting rig, control rod drive mechanisms and gray rod drive mechanisms (CRDM/GRDM),
lift columns, missile shield, CRDM cooling system, and power and instrumentation cabling into a
one-package reactor vessel head design. The use of this integrated head package design
helps to minimize the time, manpower, and radiation exposure associated with head removal
and replacement during refueling operations. ‘The AP1000 design replaces conventional
top-mounted thermocouple and movable incore flux detectors with a combination
thermocouple/incore detector system. This system eliminates the need to disassemble and
reassemble the instrument port conoseals at each refueling. This task has historically resulted
in relatively high radiation exposures. Permanently installed shielding is integral to the head
package for reducing work area dose rates from the CRDM drive shafts and the
thermocouplefincore detector system.

Insulation in the area of the reactor vessel nozzle welds is fabricated in sections with ~
quick-disconnect clasps to facilitate insulation removal for weld inspection. Permanent
identification markings of the insulation sections will accommodate rapid relnstallatlon thereby
reduclng the personnel exposure associated with this task.

The AP1000 RCPs are hermetlcally sealed, canned motor pumps. The shaft for the lmpeller
and rotor is contained within the reactor coolant pressure boundary. Hence, seals are not
required to restrict RCS leakage out of the pump. ‘The RCPs are desngned to require infrequent
maintenance and inspection. When maintenance or replacement is required, the pump can be
unbolted from a flange connection for quick removal to a low radiation background work area
using a specially desngned pump removal cart. ThIS wnll also reduce personnel exposure.

The AP1000 SGs are designed to be compatlble with the use of robotic equipment for
inspection and maintenance activities. The lower portion of the primary channel head is
hemispherical and merges into a cylindrical portion, which mates with the tube sheet. This
arrangement provides enhanced robotic access to all tubes, including those at the periphery of
the tube bundle, without the need for a manned entry into the channel head. The area
surrounding the SGs has adequate pull and laydown areas and permanent platforms In
addition, the SGs are provided with handholes and removable insulation. The SG manways are -
sized for easy entrance and exit of workers with protéctive clothing and to facilitate the
installation and removal of tooling. These features enhance accessibility and reduce overall
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exposure during SG inspection and maintenance activities. To minimize the deposit of
radioactive corrosion products on the channel head surfaces, and enhance the decontamination
of these surfaces, the SG channel head cladding is machined or electro-polished to a smooth
surface. The tube ends are designed to be flush with the tube sheet in the SG channel head to
eliminate a potential crud trap. The SG design includes a sludge control system/mud drum
which reduces the need for sludge lancing and minimizes tube and tube support degradation.
These features enhance the ability to inspect and repair the AP1000 SGs while resulting in
lower personnel exposures.

The DCD states that motor-operated, air-operated, or other remotely actuated valves will be
employed where justified by the activity levels and frequency of use, to minimize personnel
exposures resulting from valve operations. The piping in pipe chases is designed for a 60-year
life with consideration given to corrosion and the operating environment. Pumps and
associated piping are arranged to provide adequate space for access to the pumps for
servicing. Pumps in radioactive waste systems will be provided with flanged connections for
ease of removal. Cartridges and filter bags that accumulate radioactivity, as well as filters in
radioactive liquid systems, will be provided with remote or semi-remote filter handling systems
to minimize personnel exposure and radioactive release to the environment. Instrument
devices are located in low radiation zones away from radiation sources, whenever practicable,
and primary instrument devices located in high radiation zones are designed for easy removal
to a lower radiation zone for calibration. The heating, ventilation, and air conditioning (HVAC)
systems will maintain the airflow direction from areas of lower potential airborne contamination
to areas of higher potential airborne contamination.

In addition to designing equipment to comply with ALARA guidelines, the AP1000 plant layout is
designed to reduce personnel exposures. The design provides adequate work and laydown
space at each inspection and maintenance station. In addition, it provides for rigging and lifting
equipment to facilitate the removal, transport, or replacement of equipment and the use of
portable shielding during maintenance activities. Adequate illumination and support services
(e.g., power, compressed air, water, ventilation, and communications) will be available at work
stations. Tube pull areas for components that handle radioactive fluids will be designed with
curbs, drains, and coated floors to prevent the spread of contamination in the event of spills.
Valves associated with highly radioactive components will be separated from other
components, and will be located in shielded valve galleries. Radioactive piping will be routed
through pipe chases to minimize personnel exposures. Major components in radioactive
systems will be located in shielded compartments where practicable. To minimize radiation
streaming through wall penetrations, the AP1000 design calls for as many wall penetrations as
practicable to be located with offsets between the radioactive source and the normalily
accessible areas. The equipment and layout design features described above conform with the
guidelines of RG 8.8 for maintaining occupational radiation exposures ALARA. Therefore, the
staff finds these features acceptable.

The AP1000 design also incorporates several features to minimize the build up, transport, and
deposition of activated corrosion products in the RCS and auxiliary systems. The DCD states
that the AP1000 design will reduce or eliminate the use of materials containing cobalt and
nickel that are in contact with reactor coolant, except in cases in which the use of these
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.
’

materials is necessary for reliability purposes. The DCD further states that the majority of
materials exposed to high temperature reactor coolant will have cobalt impurities of no more
than 0.05-weight percent cobalt. The major use of nickel-based alloys in the RCS is in the
incone!l SG tubes. Inconel SG tubing will be limited to 0.015-weight percent cobalt, while the
surfaces on the inside of the SGs, other than the tubing, will have a cobalt limit of '
0.10-weight percent cobalt. Materials used for rod cluster control assemblies, gray rod cluster )
control assemblies, and secondary source rod cladding will be Type 304 stainless steel, with an
assumed maximum cobalt limit of 0.12-weight percent cobalt. Bolting materials in reactor
internals and other small components in regions of high neutron flux will be limited to
0.20-weight percent cobalt. Auxiliary components, such as valves, piping, instrumentation, and
welding materials, will not be limited in cobalt content, but will have average cobalt :
concentrations of approximately 0.20-weight percent

The presence of antimony in RCP journal bearings in some current generation plants has
increased the number of hot particles at these plants. The AP1000 design will restrict the
presence of antimony to less than 1 percent in all materials that contact the RCS, and will
prohibit antimony completely from the RCP and its bearings. Crud traps created in weld areas
will be minimized by using butt welds. Tanks containing radioactive liquid will have drain pipes -
connected at the lowest part of the tank, and will have convex or sloped-bottom designs to
minimize radioactivity deposition. Piping systems used to transport process resins will be
designed to minimize pipe plugging by running the piping vertically as much as practicable and
sloping horizontal piping runs towards the spent resin tanks. Smooth curves will replace elbows
in piping runs, where practicable, to reduce potential crud traps.” Welds will be made smooth to
prevent crud traps from forming. Equipment and piping containing radioactive materials will
have provisions for draining and flushing. These design features, which are intended to
minimize the buildup, transport, and deposition of activated corrosion products in the RCS and
auxiliary systems, are based on the guidelines in RG 8.8 and are, therefore acceptable .

The appllcant provided the staff with detailed drawings of the AP1000 plant layout Wthh
indicate the nine radiation zones used in the plant design. These radiation zones serve as a
basis for classifying occupancy and access restrictions for various areas within the plant during
normal operations and accident conditions. On this basis, the applicant establishes the
maximum design dose rates for each zone, and uses these as input for shielding of the
respective zones. On the basis of its review of the detailed zoning drawings, the staff
concludes that the applicant's method of plant zoning, for normal operations, is consistent with
the guidance in RG 1.70 and the SRP. Therefore, the staff finds this method acceptable.

As required by 10 CFR 50.34 (f)(2)(vii) an ap'plicant must fulfill the following requirements:

. Perform radiation and shielding design reviews of spaces around systems that may, as
aresult of an accudent contain radloactlve materlals

. Design, as necessary, adequate access to lmportant areas and protection of safety
equipment from the radiation environment.
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item 11.B.2 of NUREG-0737, “Clarification of TM! Action Plan Requirements,” dated November
1980, provides additional guidance on how these requirements can be met. ltem 11.B.2
describes source term information that should be used to calculate post-accident radiation
levels. Item 11.B.2 states that the post-accident plant dose rates should be such that the dose to
plant personnel should not exceed 5E-2 sieverts (5 rem) whole body, or its equivalent to any
part of the body, for the duration of the accident (per 10 CFR Part 50 and GDC 19—Control
Room). The dose rate in areas requiring continuous occupancy should be less than

15E-5 sieverts per hour (15 millirem per hour) averaged over 30 days.

Item 11.B.2 of NUREG-0737 describes a “vital area” as any area that will, or may, require
occupancy to permit an operator to aid in the mitigation of, or recovery from, an accident.

Item 11.B.2 also recommends listing all vital areas in the plant, and providing a summary of the
integrated doses to personnel for each of the plant areas requiring either continuous occupancy
or infrequent access for the duration of the accident. (These doses should include exposure
received while in transit between vital areas.) DCD Tier 2, Section 12.4.1.8, “Post-Accident
Actions,” lists all of the AP1000 vital plant areas requiring postaccident accessibility and states
that all vital areas can be accessed following an accident for less than 5E-2 sieverts (5 rem) to
the whole body or 5E-1 sieverts (50 rem) to the extremities. DCD Tier 2, Figure 12.3-2 contains
plant radiation zone maps which reflect maximum radiation fields over the course of an
accident. The applicant performed analyses that confirmed that the individual exposure limits
following an accident did not exceed the applicable requirements of GDC 19. In response to
staff RAl 471.009, the applicant provided verification of these analyses. The staff finds that the
listing of the plant vital areas, along with these analyses, satisfies the requirements of 10 CFR
50.34(f)(2)(vii) as they apply to plant shielding of vital areas.

The information contained in DCD Tier 2, Section 12.3.1 adequately addresses the relevant
requirements of 10 CFR Part 20 and 10 CFR 50.34(f)(2)(vii). Therefore, the staff finds the
information contained in this section to be acceptable.

12.4.2 Shielding

The objective of the plant's radiation shielding is to minimize plant personnel and population
exposures to radiation during normal operation (including AOOs and maintenance) and during
accident conditions while maintaining a program of controlled personnel access to and
occupancy of radiation areas. The AP1000 design also includes shielding, where required, to
mitigate the possibility of radiation damage to materials.

The DCD states that radioactive components and piping will be separated from nonradioactive
components and piping to minimize personnel exposure during maintenance and inspection
activities. When radioactive piping must be routed through corridors or other low radiation
zones, shielded pipe chases are provided. Where applicable, pumps and other support
equipment for components that contain radioactive material are separated from the more highly
radioactive components by locating them outside the component cubicle in separate shielded
cubicles. Shielded compartments have labyrinth entrances to minimize radiation streaming
directly through access openings. Penetrations are located to preclude a direct line from the
radioactive source to adjacent occupied areas. Space is allocated, where needed, for the
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erection of temporary shielding. These shielding techniques comply with the guidelines
contained in RG 8.8 for protectlng plant personne) and the public against exposure from various
sources of ionizing radiation in the plant. Therefore, the staff finds these techniques
acceptable.

Several recent instances of overexposures, or near overexposures, have occurred at current
generation pressurized-water reactors (PWRs). "Potentially lethal exposures have occurred in
the reactor cavity. Personnel can also be exposed to potentially lethal doses of radiation in the
vicinity of the fuel transfer tube when a spent fuel assembly passes through this tube during
refueling operations.” Access to the fuel transfer tube for the AP1000 is through a removable
concrete or steel hatch that allows access for periodic inspection of the fuel transfer tube welds.
The staff has stated that the opening of this hatch should be administratively controlled (i.e., the
spent fuel transfer tube should be treated as a very high radiation area under 10 CFR Part 20),
and that this hatch should be locked during all spent fuel transfer operations. The applicant has
stated, in DCD Tier 2, Section 12.3.5, “Combined Licensee Information,” that the COL applicant
will address the administrative controls for use of the design features provided to control access
to radiologically restricted areas, including potentially very high radiation areas, such as the
reactor cavity and the fuel transfer canal during refueling operations: The hatch to the spent
fuel transfer canal will be treated as an entrance to a very high radiation area under 10 CFR
Part 20 and will be locked during spent fuel transfer operatlons The staff ldentlfled thls issue is
identified as COL Action ltem 12.4.2-1.

Section 12.3.2 of the SRP states that the applicant must describe how the shielding parameters
were determined, including pertinent codes, assumptions, and techniques used in the shielding
calculations. The AP1000 DCD describes the shielding codes used to determine the adequacy
of the station shielding design. Specifically, the applicant stated that it used the point kernel
shielding code MicroShield 4 to calculate most gamma dose rates throughout the AP1000 plant.
MicroShield 4 is a personal computer version of the mainframe code QAD, which is listed as an-
acceptable shielding code in the SRP. For complex geometries, where doses cannot be
calculated using methods based on line-of-sight attenuation, such as the point kernel method,
the applicant used the MCNP code. This code, which is a Monte Carlo neutron and photon
transport code, is contained in the code description file of the Radiation Shielding Information
Center at the Oak Ridge National Laboratory. Monte Carlo shielding codes such as this one
are commonly used to calculate doses for complex geometries, such as labyrinth structures and
penetrations. Therefore, the staff finds the use of this shielding code to be acceptable to
evaluate the adequacy of the AP1000 station shleldmg design.

The information contained in DCD Tier 2, Section 12.3. 2 adequately addresses the relevant
requirements of 10 CFR Part 20, 10 CFR 50.34(f)(2)(vii), and GDC 61. Therefore the staff finds
the information contained in this section to be acceptable.

12.4.3 Ventilation

RG 8.8 contains guidance on acceptable ventilation design features to control airborne
radioactivity levels and maintain personnel doses ALARA. -The AP1000 ventilation systems are
designed to protect personnel and equipment from extreme environmental conditions, and to
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ensure that personnel exposure to airborne radioactivity levels is minimized and maintained
ALARA and within the applicable limits of 10 CFR Part 20. Further, the design ensures that the
dose to control room personnel during accident conditions will not exceed the limits specified in
GDC 19—Control Room.

The source of airborne radioactivity for a room or area is primarily from equipment leakage
within the specified area. The AP1000 design incorporates the following features to minimize
this leakage and thereby reduce the sources of airborne radioactivity.

. Ventilation air is supplied directly to the clean areas of the plant and exhausted from the
potentially contaminated areas, thereby creating a positive flow of air from clean areas
to potentially contaminated areas.

. Negative or positive pressure is used appropriately in piant areas to prevent exfiltration
or infiltration of possible airborne radioactive contamination, respectively.

. Equipment vents and drains are piped directly to a collection system, preventing
contaminated fluid from flowing across the floor to a draln and creating a potential
airborne contamination problem.

. Valves under 5.08 cm (2 in.) in diameter located in the piping carrying radioactive fluids
in containment, or carrying highly radioactive fluids outside containment, are
hermetically sealed to preclude radioactive releases to the environment.

The AP1000 ventilation systems incorporate the following design features to minimize
personnel exposures and maintain doses ALARA in accordance with the guidelines of RG 8.8.

. Ventilation fans and filters are provided with adequate access space to permit servicing
and filter changeout with minimum personnel radiation exposure.

. Ventilation ducts are desngned to minimize the build up of radioactive contamination
within the ducts.

The requirements of 10 CFR Part 50, Appendix A (GDC 19—Control Room) state that
adequate radiation protection shall be provided to permit access and occupancy of the control
room under accident conditions without personnel receiving radiation exposure in excess of 5
E-2 sieverts (5 rem) whole body, or its equivalent to any part of the body, for the duration of the
accident. The applicant has included the main control room in its list of vital areas. As
discussed in Section 12.4.1 of this report, the applicant has performed analyses to ensure that
individual exposure limits following an accident in vital areas will not exceed the applicable
requirements of GDC 19.

The staff concludes that the AP1000 ventilation systems are designed to protect personnel and
equipment from extreme environmental conditions, and to ensure that personnel exposure to
airborne radioactivity levels is minimized and maintained ALARA and within the applicable
limits of 10 CFR Part 20. Further, the design ensures that the dose to control room personnel
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during accident conditions will nof exceed the limits specified in GDC 19. On this basis, the
staff finds the AP1000 ventilation systems design acceptable.

12.4.4 Area Radiation and Airborne Radioactivity Mohitoring Instrumentation

The area radiation and airbome radioactivity monitors are dlscussed in DCD Tier 2,
Section 11.5, “Radiation Monitoring.”

The plant area radiation monitoring equipment alerts operators and other station personnel to
changing or abnormally high radiation conditions in the plant to prevent possible personnel
overexposures and aid health physics personnel in keeping worker doses ALARA.: The area
radiation monitors supplement the personnel and area radiation survey provisions of the .
AP1000 health physics program, which is described in DCD Tier 2, Section 12.5, “Health
Physics Facilities Design.” The area radiation monitors should comply with the applicable
requirements of 10 CFR Part 20, 10 CFR Part 50, and 10 CFR Part 70, as well as the -
personnel radiation protection guidelines of RGs 1.97, 8.2, and 8.8.

Control room displays provide information on monitor readings, alarm set points, and operating
status. The area radiation monitors are located according to the potential for significant
radiation levels in an area and the expected occupancy of the area. Specmcally, area monitors
will be installed in the following locations:

. -areas that are normally accessible and where changes in normal plant operating
conditions can cause significant i mcreases in exposure rates above those normally
designated for the areas

. areas that are normally or occasionally accessible where significant increases in
exposure rates might occur because of operatlonal transuents or mamtenance activities

In order to inform personnel of local dose rates in the area, area radlatlon monltors mclude a
local readout and audible alarm in addition to readouts and alarms in the main control room. In
addition, visible alarms are located outside each monitored area so that operating personnel
can see them before entering the monitored area. :Section 12.3-12.4 of the SRP reference
American National Standards Institute/American Nuclear Society (ANSI/ANS) Standard® .
HPSSC-6.8.1-1981, “Location and Design Criteria for Area Radiation Monitoring Systems for
Light-Water Nuclear Reactors,” dated May 1981, which provides acceptable guidance on the
location and design criteria of area radiation monitoring systems. The location of the area and
airborne radioactivity monitors for AP1000, as described in the DCD, meets the criteria of
ANSI/ANS Standard HPSSC-6.8.1-1981. Therefore, the staff finds it acceptable.

The requirements of 10 CFR 70.24 specify the use of a monitoring system capable of detecting
a criticality in designated areas where specified quantities of special nuclear material are
handled, used, or stored. DCD Tier 2, Section 11.5.6.4, “Fuel Handling Area Criticality
Monitors,” states that two fixed radiation monitors (which meet the radiation sensitivity -
requirements of 10 CFR 70.24 for criticality monitors) will be located to provide coverage on the
operating deck level of the Annex Building where new and spent fuel will be handled. In
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addition, a portable radiation monitor will be used on the crane handling fuel to detect potential
criticalities during fuel handling operations. The staff finds that the use and location of these
radiation monitors satisfies the criticality accident requirements of 10 CFR 70.24 and therefore
finds the use of these radiation monitors to be acceptable. -

The requirements of 10 CFR 50.34(f)(2)(xvii) (corresponding to Item II.F.1(3) of NUREG-0737)
specify, in part, that the control room must include instrumentation to measure, record, and
read out containment radiation intensity (high level). Further guidance is provided in

item I1.F.1(3) of NUREG-0737, which states that the reactor containment must be equipped
with two physically separate radiation monitoring systems that are capable of measuring up to
10° Gray per hour (107 roentgen per hour) in the containment following an accident. In DCD
Tier 2, Section 11.5.6.2, “Post Accident Area Monitors,” the applicant stated that the AP1000
design incorporates four electrically independent ion chambers located inside the containment
to measure high range gamma radiation. These detectors will be mounted on the inner
containment wall in widely separated locations, and will have an unobstructed “view” of a
representative volume of the containment atmosphere. The design and qualification of these
monitors complies with the guidelines of RG 1.97, "Instrumentation for Light-Water-Cooled
Nuclear Power Plants to Assess Plant and Environs Conditions During and Following an
Accident," Revision 3, dated May 1983, and NUREG-0737, Item II.F.1(3), with respect to
detector range, response, redundancy, separation, onsite calibration, and environmental design
qualification. The staff, therefore, finds these monitors to be acceptable.

The airborne radiation monitoring equipment will be placed in selected areas and ventilation
systems to give plant operating personnel continuous information about the airborne
radioactivity levels throughout the plant. The airborne radioactivity monitors are located
upstream of the filter trains to monitor representative radioactivity concentrations from the areas
being sampled. The airborne radiation monitoring system, as described in the DCD, meets the
scope of the post-accident monitoring requirements set forth in 10 CFR Part 50, GDC 64,
“Monitoring Radioactivity Releases,” and the guidance of RG 1.97. Therefore, the staff finds
the system acceptable.

Section 12.3 of the SRP states that airborne radioactivity monitors shall be able to detect the
time integrated change of the most limiting particulate and iodine species equivalent to those
concentrations specified in Appendix B of 10 CFR Part 20 (one derived air concentration
(DAC)) in each monitored plant area within 10 hours (i.e., monitors should be sensitive enough
to measure 10 DAC-hours). DCD Tier 2, Section 11.5.2.3, “Monitor Descriptions,” states that
those airborne radioactivity monitors which monitor plant areas which may be occupied by plant
personnel will be capable of detecting 10 DAC-hours.

Section 12.3 of the SRP states that the DCD must provide the criteria and methods for
obtaining representative in-plant airborne radioactivity concentrations in all work areas. Further,
Item 111.D.3.3 of NUREG-0737 (corresponding to 10 CFR 50.34(f)(2)(xxvii}) states that each
applicant should provide equipment and associated training and procedures for accurately
determining the airborne iodine concentrations in areas within the facility where personnel may
be present during an accident. The applicant has stated, in DCD Tier 2, Section 12.3.5,
“Combined Licensee Information,” that the COL applicant will address the criteria and methods
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for obtaining representative measurements of radiological conditions; including airborne
radioactivity concentrations in work areas (ltem 111.D.3.3 of NUREG-0737). The COL applicant
will also address the use of portable instruments, and the associated training and procedures,
to accurately determine the airborne concentrations in areas within the facility where plant
personnel may be present during an accident: The staff has identified this issue as COL Action -
ltem 12.4.4-1. . : -

The staff concludes that the area radiation and airborne radioactivity monitors described in the -
AP1000 DCD comply with the applicable requirements of 10 CFR Parts 20, 50, and 70, as well
as the personnel radiation protection guidelines of RGs 1.97, 8.2, and 8.8. These monitors are
designed to monitor both area and airborne radioactivity levels in the plant to ensure that doses
to plant personnel are maintained ALARA. Therefore the staff finds that these monitoring
systems are acceptable. o

12.4.5 Conclusion

On the basis of its review of the information on radiation protection design (including facility
design features, shielding, ventilation, and area radiation and airborne radioactivity monitoring
instrumentation) supplied by the applicant for the AP1000, as described above, the staff
concludes that the applicant has committed to follow the guidelines of the RGs and staff
positions set forth in Section 12.3-12.4 of the SRP. Because the DCD adheres to these RGs
and staff positions, the staff concludes that the relevant requirements of 10 CFR Parts 20, 50, . -
and 70 have been met. The staff finds it acceptable for the applicant to defer discussion of the
material addressed by COL Action ltems 12.4.2-1 and 12.4.4-1. The staff, therefore, finds the
material contained in DCD Tier 2, Section 12.3 acceptable.

12.5 Dose Assessment

The staff reviewed the applicant's dose assessment contained in DCD Tier 2, Section 12.4,
“Dose Assessment,” for completeness against the guidelines in RG 1.70 and the criteria set
forth in Section 12.3-12.4 of the SRP. The staff ensured that the applicant had either
committed to follow the criteria of the applicable RGs and staff positions set forth in

Section 12.3-12.4 of NUREG-0800, or provided acceptable alternatives. Where the DCD
adheres to these RGs and staff positions, the staff can conclude that the relevant requirements
of 10 CFR Part 20 have been met. In addition, the staff selectively compared the applicant's
dose assessment, for specific functions and activities, against the experience of operating
PWRs. (Radiation exposures to operating personnel shall not exceed the occupational dose
limits specified in 10 CFR 20.1201.) :

In DCD Tier 2, Section 12.4, “Dose Assessment,” the applicant provided an assessment of the
annual occupational radiation dose that would be received by the operating staff of an AP1000
facility. DCD Tier 2, Tables 12.4-1 through 12.4-12 provide estimated doses for various jobs
and inspections that would be performed in the plant during maintenance and refueling periods,
as well as for power operations. These activities result in‘an estimated total annual dose of
0.671 person-sievert (67.1 person-rem). DCD Tier 2, Section 12.4 does not contain a separate
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determination of doses attributable to airborne activity; however, experience at operating LWRs
demonstrates that the dose from airborne radioactivity is not a significant contribution to the
total dose.

In performing the dose assessment, the applicant reviewed exposure data from operating
plants to obtain a breakdown of the doses incurred within each dose assessment category
referenced in RG 8.19, “Occupational Radiation Dose Assessment in Light-Water Reactor
Power Plants—Design Stage Man-Rem Estimates,” Revision 1, dated June 1979. The
applicant then adjusted these values to account for AP1000 design features. Based on its
calculations, the applicant obtained an estimated annual dose of 0.671 person-sievert (67.1
person-rem).

The cumulative annual dose of 0.671 person-sievert (67.1 person-rem) for operating an
AP1000 plant is consistent with the Electric Power Research Institute design guideline of

1.0 person-sievert (100 person-rem) per year and compares favorably with the average current
PWR experience (the 2002 average collective dose for U.S. PWRs was 0.87 person-sievert
(87 person-rem)). Although the applicant’s dose assessment for the AP1000 is not in the
format specified in RG 8.19, it is a detailed dose assessment that meets the intent of RG 8.19,
and, therefore, the staff finds it acceptable.

As discussed above, the AP1000 design incorporates several improvements over current
operating PWR designs. These improvements are intended to significantly reduce the
personnel exposure associated with operational and maintenance activities. The occupational
radiation exposure resulting from unscheduled repairs on valves, pumps, and other
components will be lower for the AP1000 than for current plant designs because of the reduced
radiation fields, increased equipment reliability, and reduced number of components relative to
currently operating plants. Historically, special maintenance performed on SGs has resulted in
significant personnel doses. The applicant estimates that the annual dose incurred for special
maintenance of the AP1000 SGs will be slightly more than 0.01 person-sievert (1 person-rem).
These low estimated SG doses result from improved SG design and improved primary and
secondary water chemistry controls. The applicant does not predict that any special
maintenance activities will be required for the canned motor RCPs used in the AP1000 design.

The AP1000 radwaste system design incorporates a less complicated approach to waste
processing than do current generation PWRs. The AP1000 does not use waste or boron
recycle evaporators and does not have a catalytic hydrogen recombiner in the gaseous
radwaste system. Elimination of these high maintenance components should contribute
significantly to lower anticipated doses associated with waste processing activities for the
AP1000 design.

Since the refueling process is labor intensive, detailed planning and coordination are essential
in order to maintain personnel doses ALARA. The AP1000 design incorporates advanced
technology (e.g., integrated reactor vessel head package, combination thermocouple and flux
detectors, permanent reactor cavity seal ring, and “pass and one-half” stud tensioning
procedures) into the refueling process, thereby reducing personnel doses during refueling
operations.
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The direct radiation at the site boundary from the containment and other plant buildings is
negligible.  The containment shield building walls are a minimum of 0.91 m (3 ft) thick, reducing
radiation levels outside the containment to less than 2.5 microsieverts per hour (0.25 millirem
per hour) from sources inside containment. The AP1000 design also provides storage for
refueling water inside the containment, instead of in an outside storage tank, thereby
eliminating the refuehng water storage tank as an offsnte radiation source.

The staff finds that the dose assessment for the AP1000 complles with the guidelines in ,
RG 1.70 and the criteria set forth in Section 12.3-12.4 of the SRP. This dose assessment also
meets the intent of RG 8.19. By addressing the anticipated occupational radiation exposures
due to normal and anticipated inspection and maintenance, and by incorporating design
features to reduce occupational radiation exposures, the applicant has shown that the AP1000
is designed to operate within the occupational dose limits specified in 10 CFR 20.1201. The
staff, therefore, finds the material contained in DCD Tier 2, Section 12.4 acceptable. ;

12.6 Health Physics Facilities Design

The requirements in 10 CFR 20.1101 state that each licensee shall develop, document, and
implement a radiation protection program commensurate with the scope and extent of licensed
activities and sufficient to ensure compliance with the provisions of 10 CFR Part 20. '
Section 12.5 of RG 1.70 and the SRP state that the operational aspects of an acceptable
radiation protection program should address the following three areas: - :

. organization
equipment, instrumentation, and fac:lmes
. procedures

DCD Tier 2, Section 12.5, “Health Physics Facilities Design,” addresses the objectives and
design of the AP1000 health physics facilities. The applicant stated that the COL applicant will
address the organizational and procedural aspects of the AP1000 radiation protection program.

The health physics facilities are designed with the objectives of:

. Providing capability for administrative control of the activities of plant personnel to
maintain personnel exposure to radiation and radioactive materials ALARA and within
the requirements of 10 CFR Part 20.

. Providing capability for administrative control of effluent releases from the plant to
maintain the releases ALARA and within the limits of 10 CFR Part 20 and plant
Technical Specifications.

. Providing capability for administrative control of waste shipments from the plant to meet

applicable requirements for the shipment and receipt of the material at the storage or
burial site.
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DCD Tier 2, Section 12.5 describes the equipment and facilities contained in the AP1000
design, including a discussion of whole body and portable survey instrumentation. The DCD
also discusses the facilities that are displayed on the plant layout drawings, and describes the
traffic flow patterns that personnel would take through the health physics access control area
for access to and from the radiation control area. The plant will be designed so that significant
radiation sources are minimized, locally shielded, and/or located in shielded cubicles in order to
maintain doses to plant personnel ALARA. Area radiation monitoring equipment with local
alarms will provide plant personnel with an indication of plant radiation levels. The ventilation
system is designed to minimize the spread of airborne radioactivity. For radiation protection
purposes, areas in the plant are classified as nonradiation areas and restricted radiologically
controlled areas. Restricted areas are further categorized as radiation areas, high radiation
areas, very high radiation areas, airborne radioactivity areas, and radioactive materials areas.
These categorizations comply with 10 CFR Part 20. The AP1000 health physics facilities
comply with the guidance contained in RG 8.8 and are designed to ensure that personnel
radiation exposures will be maintained ALARA and within the dose limits of 10 CFR Part 20.

DCD Tier 2, Section 12.5 contains a description of how the health physics facilities have been
designed to maintain personnel exposure to radiation and radioactive materials ALARA and
within the requirements of 10 CFR Part 20. The staff, therefore, finds the description of the
health physics facilities described in DCD Tier 2, Section 12.5 acceptable. However, the
applicant makes no reference in this section of the DCD to the organization or procedures that
will be used to ensure that personnel radiation exposures will be maintained ALARA. The
applicant stated, in DCD Tier 2, Section 12.5.5, “Combined Licensee Information,” that the COL
applicant will address the organization and procedures used for adequate radiological
protection and will provide methods to maintain personnel radiation exposures ALARA. The
staff has identified this issue as COL Action Item 12.6-1.
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13. CONDUCT OF OPERATIONS

13.1 Organizational Structure of the A pgllcan

In the AP1000 Design Control Document (DCD) Tier 2, Section 13. 1, “Orgamzatlon Structure of
Applicant,” the applicant stated that the organizational structure is the responsibility of the
Combined License (COL) applicant. The applicant also stated that the organizational structure
should be consistent with the human system interface. The staff discusses its evaluation of this
matter in Sections 18.2, 18.6, and 18.10 of this report. In DCD Tier 2, Section 13.1.1,
“Combined License Information Item,” the applicant stated that a COL applicant referencing the
AP1000 certified design will address the adequacy of the organizational structure. The staff
finds this to be acceptable. This is COL Action Iltem 13.1-1.

13.2 Training

In DCD Tier 2, Section 13.2, the applicant stated that the COL applicant will be responsible for
training programs. The’ applicant further referenced WCAP-14655, which describes the input
from the designer on the training of operations personnel who participate as subjects in the
human factors engineering verification and validation. The staff discusses its evaluation of this
matter in Section 18.10 of this report. In DCD Tier 2, Section 13.2.1, “Combined License. ’
Information Item,” the applicant stated that a COL applicant referencmg the AP1000 certified
design will develop and implement training programs for plant personnel. The staff finds this to
be acceptable. This is COL Action ltem 13.2-1. : .

13.3 Emergency Planning
13.3.1 Introduction -

The staff reviewed DCD Tier 2, Section 13.3, “Emergency Planmng The staff issued requests
for additional information (RAls 472.001, 472.002, and 472.003 in a letter dated September 19,
2002, and requested further additional mformatlon (RAI 472.003, Revision 1) in a letter dated
April 9, 2003. The staff also conducted a telephone conference with the apphcant on April 9,
2003. The applicant responded to the initial request for additional information in a letter dated -
October 2, 2002, and to the subsequent RAI i inan emall on April 11, 2003.

The AP1000 Draft Safety Evaluation Report (DSER) was |ssued by the NRC on June 16, 2003,
and identified two open items for emergency planning (EP).. The two open items were
associated with technical support center (TSC) habitability, and relocation of TSC functions to
the emergency operations facility (EOF) upon loss of TSC habitability.  In addition, the staff also
identified an issue with the COL action item associated with the programmatlc responsubuhty of a
COL applicant for EP.

The applicant responded o the two EP open tems ina letter dated July’ 7 2003. The staff met
with the applicant in a public meetlng on July 10, 2003, and discussed the details and the
resolution of the two EP open items.” The staff subsequently conducted a telephone conference
with the apphcant on July 28, 2003, and the appllcant submitted revised responses to the EP
open items in a July 31, 2003, letter. | , .
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A significant change in EP requirements for the AP1000, as compared to the AP600 design,
was the elimination of various postaccident sampling system (PASS) requirements. The AP600
Final Safety Evaluation Report (FSER) reflected the NUREG-0737 PASS criteria as a COL
action item. Subsequently, on October 31, 2000, the U.S. Nuclear Regulatory Commission
(NRC) pubhshed the model safety evaluatlon in the Federal Reqister (65 FR 65018), which
eliminated various requirements on post-accident sampling imposed on licensees through
orders, license conditions, or technical specifications. Section 13.3.3.4.1 of this report
discusses the model safety evaluation, as it applies to EP for the AP1000.

13.3.2 Emergency Planning Responsibilities
The following regulations, guidance, and standards apply to EP responsibilities.

The requirements of Title 10, Section 52.79(d), of the Code of Federal Requlations (10 CFR
52.79(d)) state that a COL application must contain emergency plans which provide reasonable
assurance that adequate protective measures can and will be taken in the event of a
radiological emergency at the site. The requirements of 10 CFR 52.79(b) state that the COL
application must contain the technically relevant information required of applicants for an
operating license by 10 CFR 50.34. The reqwrements of 10 CFR 50.34(b)(6)(v) state that the
application shall include information concerning facility operation, including plans for coping with
emergencies, which shall include the items specified in 10 CFR Part 50, Appendix E. The
requirements of 10 CFR 50.34(f)(2) specify that the COL applicant shall provide sufficient
information to demonstrate that various required actions will be satisfactorily completed by the
operating license stage. Specifically, 10 CFR 50.34(f)(2)(viii) requires a capability to promptly
obtain and analyze samples from the reactor coolant system and containment that may contain
accident source term radioactive materials, while ensuring that no individual receives radiation
exposure in excess of 0.05 Sv (5 rem) to the whole body or 0.5 Sv (50 rem) to the extremities.
In addition, 10 CFR 50.34(f)(2)(xxv) requires an onsite TSC and onsite operational support
center (OSC). Finally, the COL applicant must comply with the applicable requirements of

10 CFR 50.47, “Emergency Plans.”

Compliance with these regulations is determined by utilizing the guidance in Regulatory Guide
(RG) 1.101, “Emergency Planning and Preparedness for Nuclear Power Reactors” (Revision 4,
July 2003), which endorses Revision 1 of NUREG-0654/FEMA-REP-1, “Criteria for Preparation
and Evaluation of Radiological Emergency Response Plans and Preparedness in Support of
Nuclear Power Plants” (Revision 1, November 1980), and through it NUREG-0696, “Functional
Criteria for Emergency Response Facmtles—Flnal Report” (February 1981), NUREG-0737 and
Supplement 1 to NUREG-0737, “Clarification of TMI Action Plan Requirements—Requirements
for Emergency Response Capability” (Generic Letter (GL) 82-33, December 17, 1982).

DCD Tier 2, Section 13.3, indicates that EP is the responsibility of the COL applicant.
Additionally, it states that communication interfaces among the main control room (MCR), the
TSC, and the EP centers are the responsibility of the COL applicant.

The staff agrees that the COL applicant referencing the AP1000 design will address EP, and
EP information submitted in the application will significantly depend on plant- and site-specific
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characteristics. Emergency planning basically consists of facilities, equipment, personnel, and
training. The majority of EP requirements are programmatic in nature and supplement physical
facilities and equipment. Later parts of this chapter address those aspects of physical facilities
and equipment associated with EP that should be considered in the standard design. DCD
Tier 2, Section 13.3.1, “Combined License Information Item,” states the following:

Combined License applicants referencing the AP‘1 000 certified design will
address emergency planning including post-72 hour actions and its
" communication interface. .

The reference to post-72-hour actions is associated with the 72-hour battery bank (i.e., the -
second battery bank in Divisions B and C), which is used for loads requiring power for 72 hours
following an event of loss of all alternating current (ac) power sources concurrent with a design-
basis accident (DBA). The staff finds that this is acceptable, in that it complies with the
requirements of 10 CFR 52.79(d) and the applicable portions of 10 CFR Part 50. ltis
consistent with the extent to which the COL applicant can more appropriately address certain
EP design features, facilities, functions, and equipment. This is COL Action Item 13.3-1.

13.3.3 TSC/OSC/Decontamination Facility

Although the COL applicant will address many aspects of EP, the standard design must
consider certain design features, facilities, functions, and equipment necessary for EP.
Specifically, in accordance with 10 CFR 50.34(f)(2)(xxv), the standard design must address the
characteristics of the onsite TSC and onsite OSC. The design should include adequate -
emergency facilities and equipment to support emergency response, in accordance with _
10 CFR 50.47(b)(8) and Subsection IV.E.8 to 10 CFR Part 50, Appendix E. The design should
also include an onsite decontamination facility, in accordance with 10 CFR 50.47(b)(11) and
Subsection IV.E.3 to 10 CFR Part 50, Appendix E, to provide the capability for controlhng
radiological exposures and providing decontamlnatlon facnlmes for onsite mdnvnduals
respectively.

In addition, 10 CFR 50.47(b)(9) requires adequate methods, systems, and equipment for
assessing and monitoring actual or potential offsite consequences of a radiological emergency
condition; 10 CFR 50.47(b)(11) requires the establishment of the means for controlllng ,
radiological exposures to emergency workers; and 10 CFR 50.34(f)(2)(viii) requires that the
standard design provide the capability to promptly obtain and analyze samples from the reactor
coolant system and containment, which may contain accident source term radioactive materials,
without radiation exposures to any individual exceeding 0.05 Sv (5 rem) to the whole body or -
0.5 Sv (50 rem) to the extremities. The gundance in RG 1.101 determlnes compliance with
these regu|at|ons

13. 3 3. 1 General Description of Facnlmes

DCD Ter 2, Section 18.8.3.5, “Technical Support Center Mission and Major Tasks,” and
Section 18.8.3.6, “Operational Support Center Mission and Major Tasks,” describe the mission
and major tasks of the TSC and OSC, respectively, for the AP1000 standard design. The TSC
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is to provide an area and resources for use by personnel providing plant management and
technical support to the plant operating staff during emergency evolutions. The TSC relieves
the reactor operators of peripheral duties and communications not directly related to reactor
system manipulations, and prevents congestion in the control room. The OSC is to provide a
centralized area and the necessary supporting resources for the assembly of predesignated
operations support personnel during emergency conditions. The TSC and OSC are in different
locations in the annex building. The TSC is located in the annex building at Elevation 117'-6",
adjacent to the passage from the annex building to the nuclear island control room, as shown in
DCD Tier 2, Figure 1.2-19, “Annex Building General Arrangement Plan at Elevation 117'-6" &
126'-3".” The TSC is identified as the Main TSC Operations Area (Room 40403). The OSC
location, identified as the ALARA [as low as is reasonably achievable] Briefing Room &
Operational Support Center (Room 40318), is shown as such in DCD Tier 2, Figure 1.2-18,
“Annex Building General Arrangement Plan at Elevation 100'-0" & 107'-2"."

In RAI 472.002, the staff asked the applicant to explain why Figure 1.2-18, which shows the hot
machine shop, depicts no decontamination facilities, while DCD Tier 2, Section 1.2.5, “Annex
Building,” indicates that the hot machine shop includes decontamination facilities. The
applicant responded that the hot machine shop (Room 40358) will include a variety of
equipment for servicing radiologically controlled area equipment, including a lathe, a power
hacksaw, and a power band saw. Also included will be a permanent diked decontamination
basin with a grating support floor, connected to the radioactive waste drain system for cleaning
contaminated components. The hot machine shop will also contain a “portable
decontamination system,” which the COL holder will purchase according to specifications of its
choosing. Personnel decontamination will be performed in a separate decontamination room
(Room 40355), which will include two personnel showers and two sinks connected to the
radioactive liquid waste system.

The staff concludes that the information provided in the AP1000 DCD pertaining to the TSC,
OSC, and decontamination room is consistent with the guidance identified in RG 1.101. Thus,
the staff finds that the applicant’s design meets the applicable requirements of 10 CFR
50.34(f)(2)(xxv), 10 CFR 50.47(b)(8), 10 CFR 50.47(b)(11), and Subsections IV.E.3 and IV.E.8
to 10 CFR Part 50, Appendix E.

13.3.3.2 Technical Support Center Size

The guidance of Section H.1 of NUREG-0654/FEMA-REP-1, Revision 1, calls for the
establishment of a TSC in accordance with NUREG-0696. NUREG-0696 states that the TSC
shall be large enough to provide working space, without crowding, for the personnel assigned to
the TSC at the maximum level of occupancy. Specifically, the TSC working space shall be
sized for a minimum of 25 persons, with a minimum working space of approximately 7 m2

(75 tt%) per person. The guidance also calls for sufficient space for equipment and storage, as
well as to perform certain repair and other TSC-related activities. In addition, Paragraph 8.2.1.c
of Supplement 1 to NUREG-0737, which is consistent with NUREG-0696, states that the TSC
will be sufficient to accommodate and support NRC and licensee predesignated personnel,
equipment, and documentation.
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DCD Tier 2, Section 18.8.3.5 describes the design considerations for the TSC. In that section,
the applicant stated that the size of the TSC complies with the size criteria of NUREG-0696.
DCD Tier 2, Section 9.4.1.2.1.1; “Main Control Room/Technical Support Center HVAC [heating,
ventilation and air conditioning] Subsystem further states that the TSC areas consist of the
main TSC operations area, conference rooms, NRC room, computer rooms, shift turnover
room, kitchen/rest area, and restrooms.

The staff concludes that the information provrded in the DCD pertaining to the TSC size is
consistent with the guidance identified in RG 1.101. Specifically, the area conforms with the
size specifications of NUREG-0696 and is sufficient to accommodate and support NRC and
licensee predesignated personnel, equipment, and documentation, in conformance with
Supplement 1 to NUREG-0737. As such, the staff finds that this information meets the -
applicable requirements of 10 CFR 50.47(b)(8) and Subsectlon IV.E.8 to 10 CFR Part 50,
Appendix E, and is, therefore acceptable. . °

13.3.3.3 Technical Suggort Center Habltablhg

in DCD Tier 2, Sectlon 18.8.3.5, the appllcant stated that, consistent with NUREG 0737 the
TSC has no emergency habitability requirements. In addition, it stated that the TSC comphes
with the habitability requirements of Supplement 1 to NUREG-0737, when electrical power is
available. Paragraph 8.2.1.f of Supplement 1 to NUREG 0737 calls for the TSC to be provided
with the following equipment:

radiological protection and monitoring equipment necessary to assure that
radiation exposure to any person working in the TSC would not exceed 5 rem
[0.05 Sv] whole body, or its equivalent to any part of the body, for the duratlon of
the accident.

Item 11.B.2 of NUREG-0737 states that the TSC is considered vital after an accident and that
the design dose rate for personnel in a vital area should be such that doses do not exceed the
guidelines of General Design Criteria (GDC) 19 during an accident. In addition, GDC 19
requires adequate radiation protection, such that the dose to personnel does not exceed

0.05 Sv (5 rem) whole body, or its equivalent to any part of the body for the duration of the
accident. NUREG-0696 provides more detailed criteria for emergency plans, design, and
functional criteria for emergency response facilities, including the following habitability criteria
for the TSC in Section 2.6 of NUREG-0696: A

Since the TSC is to provide direct management and technical support to the
control room during an accident, it shall have the same radiological habitability
as the control room under accident conditions. TSC personnel shall be protected
from radiological hazards, including direct radiation and airborne radioactivity
from inplant sources under accident conditions, to the same degree as control
room personnel.” Applicable criteria are specified in General Design Criterion 19;
Standard Review Plan 6.4; and NUREG-0737, “Clarification of TMI Action Plan
Requirements,” Item 11.B.2.
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The TSC ventilation system shall function in a manner comparable to the control room
ventilation system. The TSC ventilation system need not be seismic Category |
qualified, redundant, instrumented in the control room, or automatically activated to fulfill
its role. A TSC ventilation system that includes high-efficiency particulate air (HEPA)
and charcoal filters is needed, as a minimum. Sufficient potassium iodide shall be
provided for use by TSC and control room personnel. The capacity of the installed TSC
ventilation filter system shall be independent of these thyroid-blocking provisions.

If the TSC becomes uninhabitable, the TSC plant management function shall be
transferred to the control room.

13.3.3.3.1 TSC Ventilation System

In a previous version of DCD Tier 2, Section 18.8.3.5, the applicant stated the following in
regard to habitability-related systems and their operation under various conditions:

When a source of ac power is available, the nuclear island nonradioactive
ventilation system (VBS) provides HVAC service to the main control room and
the TSC during normal and abnormal conditions. The VBS and its support
systems provide these functions in a reliable and failure tolerant fashion. If
offsite power is not available, backup power is automatically provided by either of
the two nonsafety-related diesels within the onsite standby power system. [DCD
Tier 2, Section] 9.4.1, provides additional design details of the VBS.

The VBS system provides for cooling, heating, humidity control, filtration (HEPA
and charcoal), and pressurization following design basis accidents except for a
station blackout (loss of non-safety-related ac power, including the non-safety-
related diesels). lf nonsafety-related ac power is not available, including the
diesels, the habitability of the main control [room] is provided by the main control
room emergency habitability system (VES) as discussed in [DCD Tier 2,]
Section 6.4. Although the TSC is not supplied by either the VBS or the VES
during a station blackout, it still remains habitable. The doors to the TSC can be
opened to aid with ventilation and control of room temperature for the two hours
that the workstations continue to operate. The TSC workstations are powered
from the non-Class 1E uninterruptable [sic] power supplies, therefore plant
monitoring capability from the TSC exists for two hours following a station
blackout.

Should habitability be challenged within the TSC due to lack of cooling or a high
radiation level resulting from a beyond design basis accident, the TSC personnel
and the functions of the TSC are transferred to the emergency operations facility
(EOF) where habitability is not dependent on plant systems and with
communication and data transfer links to the main control room to provide
essential exchange of information.
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Ina prevnous version of DCD Ter 2, Section 6.4, “Habltablhty Systems the applicant stated the
following, in part: . .

The habitability systems are a set of individual systems that collectively provide™
the habitability functions for the plant. The systems that make up the habltablhty
systems [mclude the following):

»  Nuclearisland nonradioactive ventilation system (VBS)
«  Main control room emergency habitability system (VES)

When a source of ac power is available, the nuclear island nonradioactive
ventilation system (VBS) provides normal and abnormal HVAC service to the
main control room (MCR), technical support center (TSC), instrumentation and
control rooms, dc equipment rooms, battery rooms, and the nuclearisland =~

‘nonradioactive ventilation system equipment room as described in [DCD Tier 2,

Section] 9.4.1.

When a source of ac power is not available to operate the nuclear island
nonradioactive ventilation system or radioactivity is detected in the MCR air
supply, which could lead to exceeding General Design Criterion 19 operator dose
limits, the main control room emergency habitability system (VES) is capable of
providing emergency ventilation and pressunzatlon for the main control room.

Further, in a previous version of DCD Tier 2, Sectnon 6.4.4, “Emergency Mode,” stated the
following:

Automatic transfer of habitability system functions from the nuclear island
nonradioactive ventilation system to the main control room emergency
habitability system is accomplished by the receipt of one of two signals: -

. “High-high” particulate or iodine radioactivity in MCR alr supply
. - Loss of ac power sources

The nonradioactive ventilation system (VBS) serves the TSC. An earlier version of DCD Tier 2,
Section 9.4.1.1.2, “Power Generatlon Design Basus stated in part, that the VBS provndes the
following functions:

controls the MCR and TSC relative humidity between 25 to 60 percent

maintains the MCR and TSC at a slightly positive pressure during normal operations

“isolates the MCR and/or TSC from normal outdoor air intake and provides filtered

outdoor air to pressurize the MCR and TSC upon detection of a high gaseous
radioactive concentration in the MCR supply air duct '

isolates the MCR and/or TSC upon detection of a high concentration of smoke in the
outside air intake
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. provides smoke removal capability for the MCR and TSC

DCD Tier 2, Section 9.4.1.2.2, “Component Description,” indicates that the VBS components
include low-efficiency filters, high-efficiency filters, and postfilters; high-efficiency particulate air
(HEPA ) filters; charcoal adsorbers; and isolation dampers. A previous version of DCD Tier 2,
Section 9.4.1.2.3.1, “Main Control Room/Technical Support Center HVAC Subsystem,” under
the section entitled “Abnormal Plant Operations,” stated that when high gaseous radioactivity is
detected and the HVAC subsystem is operable, both supplemental air filtration units
automatically start to pressurize the MCR and TSC to at least 0.32 cm (0.125 in.) wg. The
normal outside air makeup duct and the MCR and TSC toilet exhaust isolation dampers close.
In addition, if ac power is unavailable for more than 10 minutes or if high-high particulate or
iodine radioactivity is detected in the MCR supply air duct, which would lead to exceeding

GDC 19 operator dose limits, the plant safety and monitoring system automatically isolates the
MCR from the normal MCR/TSC HVAC subsystem. In the event of a loss of the normal plant
ac electrical system, the MCR/TSC ventilation subsystem is automatically transferred to the
onsite standby diesel generators.

13.3.3.3.2 Requests for Additional Information
In RAI 472.003, the staff asked the following:

[DCD Tier 2,] Section 9.4.1.2.1.1 indicates that radiation monitors are located
inside the main control room upstream of the supply air isolation valves and that
these monitors isolate the main control room [from] the nuclear island non-
radioactive ventilation system on high-high particulate or iodine radioactivity
concentrations. Does this include isolating the technical support center as well?

In its response to RAIl 472.003, the applicant stated the following:

No, only the main control room is isolated on a high-high signal. At that time, the
main control room emergency habitability system is placed into operation to
protect the main control room operators. Please refer to “Abnormal Plant
Operation” portion of DCD [Tier 2, Section] 9.4.1.2.3.1, which provides details as
to the operation of the main control room and technical support center HVAC
subsystem during abnormal events involving high and high-high signals.

Also see [DCD Tier 2, Section] 18.8.3.5 “Technical Support Center Mission and
Major Tasks” for discussions of the technical support center (TSC) including
habitability and evacuation during emergencies.

The staff conducted a telephone conference on April 9, 2003, with the applicant to discuss
issues associated with TSC habitability and relocation of TSC functions to the EOF under
emergency conditions. Supplemental comments to RAI 472.003 that emerged from this
conference include the following:
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The staff has reviewed Westinghouse’s response to RAl 472.003 dealing with
technical support center ventilation (i.e., habitability). The response referred to
the Design Control Document (DCD) sections that covered TSC ventilation and
habitability. ‘While this answered the specific RAl question, it did not address
apparent incorrect statements and inconsistencies in the system design, or the
justification for relocation of TSC function to the emergency offsite [sic] facility
(EOF) rather than to the main control room. Below are two questions pertaining
to DCD Section 18.8.3.5, and an additional question pertaining to use of the EOF
when the TSC becomes uninhabitable:

1.

-[DCD Tier 2, Section) 18.8.3.5 states that “Consistent with NUREG 0737 . . . the

technical support center has no emergency habitability requirements.” In
accordance with NUREG-0737, the TSC is a “vital area” and should comply with
radiological habitability requirements of General Design Criteria (GDC) 19 for the
duration of an accident. Please provide justification for why the TSC has no
emergency habitability requirements.

[DCD Tier 2, Section] 18.8.3.5 states (in italics) that “The TSC cofﬁplies
with the habitability requirements of Reference 27 [i.e., Supplement 1 to

- NUREG-0737] when electrical power is available.” First, Supplement 1

‘i “requires the same radiological habitability requirements as GDC 19, and

- thus, this statement contradicts (1), above; and second, the reference to
““when ‘electrical power is available” is but one, of two, triggering events

that would automatically isolate the Main Control Room from the TSC.
The second trigger is “High-high” particulate or iodine radioactivity in
MCR air supply” (see [DCD Tier 2, Section] 6.4.4, page 6.4-9). Please
provide justification for the inconsistencies.

In the event a relocation of the TSC to the EOF is allowed, rather than to
the MCR (as required by NUREG-0696 guidance), how will the physical
location of the EOF be addressed, as it relates to TSC support functions?
There is currently a trend of utilities attempting to consolidate their EOFs
for multiple plants. The physical location aspect is not addressed in the

- DCD, including whether the NRC would allow it. : The implication is that

the EOF could be anywhere, and as such the transferred TSC functions

-could be anywhere

The applicant responded with Revnsmn 1to RAI 472. 003 which includes the followmg
information regarding the three questlons asked by the staff

18&2

The nuclear |sland nonradloactlve ventllatlon system (VBS) maintains
habitability in the TSC to the requirements of GDC 19 for normal and
accident scenarios as long as electrical power is available and radiation
levels do not exceed a predetermined, “high-high” threshold. The VBS

* has two safety-related functions. The first is to monitor the air coming
- into the MCR and the second is to isolate the MCR envelope during a

loss of electrical power of more than 10 minutes or upon a “high-high”
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radiation signal. As this system has no safety-related AC electrical
system, it is not credited as meeting GDC 19 for the protection of the
MCR operators. The safety-related MCR emergency habitability system
(VES) is credited as meeting GDC 19 for the protection of the MCR
operators. Thus, Westinghouse agrees that the statement, “Consistent
with NUREG-0737 . . . the technical support center has no emergency
habitability requirements,” is confusing. The statement will be removed
from [DCD Tier 2, Section] 18.8.3.5 in the next revision of the DCD. See
the [DCD] Revision: section below for detail changes.

[DCD Tier 2, Section 18.8.3.5 was subsequently revised to delete the
sentence: “The technical support center has no emergency habitability
requirements.”]

In the event of high radiation, the VBS operates in a recirculation mode
filtering the air in the MCR and the TSC. In this mode, the VBS is
designed to provide a capability similar to that of the engineered safety
features (ESF) systems in operating plants with respect to air filtration
and adsorption. Should a “high-high” radiation signal or if a station
blackout of more than 10 minutes occur, the VBS stops, isolates the main
control room envelop and the VES begins operation to protect the main
control room operators. If the system has power and is operating, it will
prevent a “high-high” radiation signal. This is the reason [DCD Tier 2,
Section] 18.8.3.5 states, “The TSC complies with the habitability
requirements of Reference 27 [i.e., Supplement 1 to NUREG-0737] when
electrical power is available.”

In practical terms, the TSC does have emergency habitability capabilities
comparable to those of operating plants as long as electrical power is
available either from offsite power or from the onsite diesel generators.
See the response to item 3 below, for a discussion on the probability of
losing both offsite power and the onsite diesel generators.

3. The AP1000 design philosophy for the MCR and TSC habitability is the
same as for the AP600. Discussions of this design were provided in
AP600 RAls 100.10 and 100.33. In a very limited number of instances,
the TSC may become uninhabitable. As stated in the [DCD Tier 2,
Section] 18.8.3.5, even in the low probability case of a station blackout,
the TSC will still most likely remain habitable. The doors to the TSC can
be opened to aid with ventilation and control of room temperature for the
two hours that the workstations continue to operate. The TSC
workstations are powered from the non-Class 1E uninterruptable [sic]
power supplies, therefore plant monitoring capability from the TSC exists
for two hours following a station blackout. (The probability of a station
blackout is discussed in the AP1000 Probability Risk Assessment. The
probability of a station blackout occurring is 8.57 x 10*. The probability of
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non-recovery W|tﬁln 2 hours is specified in the EPRI ALWR Utility
Document as 0.37.)

To ensure that the functions of the TSC are not impeded, Westinghouse states

-in DCD [Tier 2, Section] 13.3 that staffing of the EOF for the AP1000 will occur
consistent with current operating practice and revision 1 of
NUREG-0654/FEMA-REP-1. In the unlikely event of a loss of offsite power and
loss of all onsite AC power, the Combined License applicant shall immediately
activate the EOF rather [than] bringing it to standby status. As stated in DCD
[Tier 2, Section] 18.8.3.5 a communicator is assigned to the MCR as part of the
emergency staff. The communicator is responsible for providing direct interface
between the TSC and the MCR operators. If the TSC function has been
transfered to the EOF, then the communicator provides the direct interface
between the EOF and the MCR operators. The Combined License applicant is

- responsible for the EOF design, including the specification of its location(s) (DCD
[Tier 2, Section] 18.2.6), emergency planning, and associated communication

“interfaces among the MCR, the TSC, and the EOF (DCD [Tier 2, Section] 13.3).
Westinghouse has committed to providing a TSC communicator in the MCR for
the unlikely event that the TSC becomes uninhabitable. When the Combined
license applicant establishes the emergency plan and associated communication
interfaces among the MCR, the TSC, and the EOF; the NRC will have an -
opportunity to review that plan, including the total number of TSC support
personnel that will be sent to the MCR in the event that the TSC becomes
uninhabitable as well as the location of the EOF.

13.3.3.3.3 TSC as a Vital Area

According to Section 2.6 of NUREG-0696, the purpose of the TSC is to provide direct
management and technical support to the control room during an accident. Section 11.B.2 of
NUREG-0737 states that any area which will, or may, require occupancy to permit an operator
to aid in the mitigation of, or recovery from, an accident is designated as a “vital area,” and the
control room and TSC must be included among those areas to which access is considered vital
after an accident. Further, the design dose rate for personnel in a vital area should be such
that doses do not exceed the guidelines of GDC 19 during an accident. GDC 19 requires that
radiation protection be adequate to ensure that the dose to personnel does not exceed 0.05 Sv
(5 rem) whole body, or its equivalent to any part of the body, for the duration of the accident. In
addition, Subsection 8.2.1.f of Supplement 1 to NUREG-0737 states that the TSC will be
provided with radiological protection and monitoring equipment necessary to assure that
radiation exposure to any person working in the TSC would not exceed 0.05 Sv (5 rem) whole
body, or its equivalent to any part of the body, for the duration of the accident. These v
guidelines form the basic radiological habitability criteria for the TSC *

Section H.1 of NUREG-0654/FEMA-REP-1, Revision 1, calls for establlshment of a TSC in
accordance with NUREG-0696.  Section 2.6 of NUREG-0696 states that because the TSC is to
provide direct management and technical support to the control room during an accident, it shall
have the same radiological habitability as the control room under accident conditions. In
addition, the TSC ventilation system shall function in a manner comparable to the control room
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ventilation system. If the TSC becomes uninhabitable, the TSC plant management function
shall be transferred to the control room.

As discussed above, the applicant stated in a previous version of DCD Tier 2, Section 18.8.3.5,
that the TSC has no emergency habitability requirements and that this is consistent with
NUREG-0737. However, Section I1.B.2 of NUREG-0737 designates the TSC as a vital area
govemed by the related radiation protection criteria of GDC 19 during an accident. Thus, the
statement that the TSC “has no emergency habitability requirements” is not consistent with
NUREG-0737. In its additional response to RAl 472.003, the applicant acknowledged the
apparent inconsistency was “confusing” and the statement was removed from DCD Tier 2,
Section 18.8.3.5. In addition, the applicant further stated that “[iJn practical terms, the TSC
does have emergency habitability capabilities comparable to those of operating plants as long
as electrical power is available either from offsite power or from the onsite diesel generators.”

In the AP1000 DSER, the staff stated that despite the removal of the statement that the TSC
has no emergency habitability requirements from DCD Tier 2, Section 18.8.3.5, the design of
the ventilation systems for the TSC and MCR did not provide the TSC with the same
radiological habitability as the MCR under all accident conditions. The staff further stated in the
DSER that the AP1000 TSC emergency habitability capabilities did not comport with the TSC
emergency habitability criteria of NUREG-0696, NUREG-0737, and Supplement 1 to
NUREG-0737. As such, the staff identified the inability of the TSC to provide emergency
habitability under accident conditions as Open Item 13.3-1.a in the DSER.

In response to DSER Open Item 13.3-1.a, the applicant stated in its July 7, 2003, letter the
following:

The TSC is designed to meet GDC 19 limits during accident conditions. This is
consistent with the guidance of NUREG-0696, section 2.6, Habitability, and
NUREG-0737. The DCD states that the VBS meets GDC 19 under the “Abnormal Plant
Operation” heading of DCD [Tier 2, Section] 9.4.1.2.3.1. “The main control
room/technical support center HVAC equipment and ductwork that form an extension of
the main control room/technical support center pressure boundary limit the overall
infiltration (negative operating pressure) and exfiltration (positive operating pressure)
rates to those values shown in [DCD Tier 2,] Table 9.4.1-1. Based on these values, the
system is designed to maintain operator doses within allowable General Design Criteria
(GDC) 19 limits.” '

The AP1000 ventilation system serving the TSC exceeds the guidance of NUREG-0696
as it is redundant, instrumented in the control room and is automatically activated.
NUREG-0696, Section 2.6 states, “The TSC ventilation system need not be seismic
Category | qualified, redundant, instrumented in the control room, or automatically
activated to fulfill its role.”

NUREG-0696 guidance does not suggest that the TSC meet habitability requirements
all of the time. Section 2.6 of the NUREG states, “If the TSC becomes uninhabitable,
the TSC plant management function shall be transferred to the contro! room.” The

existence of this statement is acknowledgment that there may be times when the TSC
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habitability could be chaiienged. This acknowledgment [s:ic]lis logical given the fact that
the ventilation system redundancy and qualification guidance of NUREG-0696 are less
stringent than those for the control room ventilation system.

Based on the above, Westinghouse believes that AP1000 meets the NUREG-0696,
section 2.6 guidance to “. . . have the same radiological habitability as the control room
under accident conditions.” Westinghouse also believes that it has met all applicable
requirements and guidance associated with providing TSC habitability.

The staff discussed Open Item 13.3-1.a with the applicant during a public meeting on July 10,
2003. In regard to the issue of whether the TSC, as a vital area, must have the same
radiological habitability as the MCR under all accident conditions, it was determined that the
applicable plant conditions for which GDC 19 limits apply are the AP1000 defined, Condition IV
“limiting faults” (or DBAs). In DCD Tier 2, Section 15.0.1, “Classification of Plant Conditions,”
the applicant states the following, in part:

The ANSI 18.2 (Reference 1!") classification divides plant conditions into four categories
according to anticipated frequency of occurrence and potential radlologlcal
consequences to the public. The four categones are as follows

Condmon I:  Normal operatlon and operatlonal transients
* Condition ll:  Faults of moderate frequency

‘Condition Ill:  Infrequent faults

Condition IV: Limiting faults

The basic principle applied in relating design requirements to each of the conditions is
that the most probable occurrences should yield the least radiological risk, and those
extreme situations having the potentlal for the greatest risk should be those least likely
to occur. - -

The elght Condition IV Ilmmng faults (DBAs) are l|sted in DCD Tier 2, Section 15.0.1 4
“Condition IV: Limiting Faults,” which states the following, in part: =

Condition IV events are faults that are not expected to take place, but are postulated
because their consequences include the potential of the release of significant amounts

" of radioactive material. They are the faults that must be designed against, and they
represent limiting design cases. Condition IV faults are not to cause a fission product
release to the environment resulting in doses in excess of the guideline values of
10 CFR Part 100. A single Condition IV event is not to cause a consequential loss of
required functions of systems needed to cope with the fault, including those of the
emergency core cooling system and the containment. The following faults are classified
in this category:

T

1Amencan National Standards Instltute N18 2, “Nuclear Safety Crltena for the De3|gn of
Stationary PWR Plants,” 1973. .
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. Steam system piping failure (major)

] Feedwater system pipe break

] Reactor coolant pump shaft seizure (locked rotor)

. Reactor coolant pump shaft break

. Spectrum of RCCA ejection accidents

. Steam generator tube rupture

. LOCAs resulting from a spectrum of postulated piping breaks within the reactor

coolant pressure boundary (large break)
. Design basis fuel handling accidents

The applicant’s reference to DCD Tier 2, Section 9.4.1.2.3.1, and specifically to the discussion
under the subsection entitled “Abnormal Plant Operation,” is relevant, in that the eight DBAs
constitute the limiting design accidents (or faults) that are considered for purposes of ensuring
TSC habitability (i.e., meeting GDC 19 limits) rather than for all accident conditions.
Specifically, the design of the MCR/TSC HVAC equipment and ductwork is such that the doses
in the TSC would be maintained within allowable GDC 19 limits, assuming the continued
operation of the nuclear island nonradioactive ventilation system (VBS). The MCR emergency
habitability system (VES) is considered the design-basis emergency ventilation system for the
MCR, and is not designed to be the emergency ventilation system for the TSC.

The staff stated in a conference call with the applicant on July 29, 2003, that the applicant
should explicitly state in the DCD that when VBS is operating it is designed to maintain the TSC
within allowable GDC 19 limits for the DBAs. This was reflected in applicant’s July 31, 2003,
letter, in which applicant provided the following additional response to DSER Open

Item 13.3-1a, regarding TSC habitability:

Westinghouse will revise DCD [Tier 2, Section] 9.4.1.2.3.1 as identified in the “Design
Control Document (DCD) Revision:” portion of this response to address the NRC
comment. DCD [Tier 2, Section] 9.4.1.2.3.1 has also been revised to clarify that in the
event of a loss of the plant ac electrical system, the VBS supplemental air filtration
system can be manually transferred to the onsite standby diesel generators.

The staff reviewed DCD Tier 2, Section 9.4.1.2.3.1 and noted that it has been revised to include
the following under Abnormal Plant Operation:

...The main control room/technical support center HVAC equipment and ductwork that
form an extension of the main control roomvtechnical support center pressure boundary
limit the overall infiltration (negative operating pressure) and exfiltration (positive
operating pressure) rates to those values shown in [DCD Tier 2,] Table 9.4.1-1, Based
on these values, the system is designed to maintain personnel doses within allowable
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General Design Criteria (GDC) 19 limits during design basis accidents in both the main
control room and the technical support center .

lf ac power is unavailable for more than 10 mrnutes or if “hlgh high” partrculate or iodine
radioactivity is detected in the main control room supply air duct, which would lead to

- exceeding GDC 19 operator dose limits, the protection and safety monitoring system
automatically isolates the MCR from the normal main control room/technical support
center HVAC subsystem by closing the supply, return, and toilet exhaust isolation
valves. Main control room habitability is maintained by the main control room
emergency habitability system, which is discussed in [DCD Tier 2,] Section 6.4.

The staff finds this to be acceptable. Therefore, Open Item 13.3-1.a is resolved.
13.3.3'.3.4 Isolation of MCR from TSC |

In DCD Tier 2, Section 18.8.3.5, the applicant states that “[tjhe TSC complies with the
habitability requirements of Reference 27 [i.e., Supplement 1 to NUREG-0737] when electrical
power is available.” The reference to “when electrical power is available” is but one, of two,
triggering events that would automatically isolate the MCR from the TSC. The second
triggering event is “high-high particulate or iodine radioactivity in MCR air supply duct” (see
DCD Tier 2, Section 6.4.4, “System Safety Evaluation”). The second triggering event was not
reflected in a previous version of DCD Tier 2, Section 3.1.2, “Protection by Multiple Fission -
Product Barriers,” which stated under Criterion 19, “Control Room,” that “[i)f the normal main
control room ventilation system is inoperable or if no ac power sources are available, the
emergency control room habitability system automatically isolates the main contro! room and
provides operator habitability requirements.” If, for example, electrical power was available,
while at the same time high-high particulate or iodine radioactivity was in the MCR air supply,
the MCR would automatically isolate from the TSC. As such, the TSC would no longer be able
to ensure compliance with the radiological protection requirements of GDC 19 and, therefore,
the TSC would be unable to comply with the radiological habitability criteria of Supplement 1 to
NUREG-0737 (i.e., Reference 27). Hence, the statement that the TSC complies with the
habitability requrrements of Supplement 1 to NUREG-0737 when electrical power is avallable
was considered incomplete. oo ,

Addressing thls concern, the applicant stated the followmg in lts addmonal response to
RAIl 472.008: . 3

Should a “high-high” radiation signal or if a station blackout of more than

10 minutes occur, the VBS stops, isolates the MCR envelop and the VES begins
operation to protect the MCR operators. [f the system has power and is
operating, it will prevent a “high-high” radiation signal. This is the reason DCD
[Tier 2, Section] 18.8.3.5 states, “The TSC complies with the habitability
requirements of Reference 27 [| e., Supplement 1 to NUREG- 0737] when
electrical power is available.” -

This response was somewhat confusrng Elther a hlgh hlgh radiation signal or loss of power
can trigger the isolation of the MCR envelop. This means that isolation can only occur on a
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high-high radiation signal, even without loss of power. The statement that “[i]f the system has
power and is operating, it will prevent a ‘high-high’ radiation signal” implies that a high-high
radiation signal will never occur, except upon loss of power. The high-high radiation signal as a
trigger to automatically isolate the MCR is, therefore, not needed, since the isolation already
occurs upon loss of power. Subsequent high-high radioactivity would be inconsequential
because the MCR would have already been isolated from the TSC upon loss of power, with
potential loss of TSC habitability. The staff requested that the applicant resolve these
habitability concerns. This was Open Item 13.3-1.b in the DSER.

In response to DSER Open Item 13.3-1.b, the applicant stated in its July 7, 2003, letter the
following.

As stated in the response to DSER Open Item 13.3-1.a., Westinghouse believes that
AP1000 meets all applicable requirements and guidance associated with providing TSC
habitability. As for VBS operation, Westinghouse provides the following discussion,
which hopefully will clarify how the system, including isolation signals, is intended to
function.

The only events that would shutdown VBS would be a loss of power or multiple failures
to the redundant systems. These events are no different than the events that would
cause the HVAC systems serving the TSC in a conventional plant to shutdown. A “high-
high” radiation signal would not occur if VBS is operating properly. If VBS is operating
properly, it is filtering the air, as well as providing a positive pressure in both the MCR
and the TSC which precludes a “high-high” signal from being generated. In the case
where there is a loss of power, VBS would isolate the MCR after a period of 10 minutes.
The 10 minute delay allows for the high probability that the on-site standby diesel
generators will start, thereby restoring power to the plant and to VBS. The delay also
minimizes isolating the control room and actuating VES when it is not necessary.

Should there be a coincident high radiation event during the loss of power event
however, VBS would not delay 10 minutes, but would instead immediately isolate the
main control room. Therefore, the only time that the “high-high” isolation is “needed” is
in the 10 minute period following a loss of power to the VBS. It is however good
engineering practice to provide diverse parameters to actuate safety systems. Thus, the
statements in the DCD, which identify that isolation of the MCR envelope can occur with
either a “high-high” radiation signal or loss of power and; that the TSC complies with the
habitability requirements of Supplement 1 to NUREG-0737 when electrical power is
available are correct and consistent with the design.

Westinghouse is not proposing specific word changes to the DCD at this time to
address VBS operation. However, we are amenable to such word changes if it helps to
resolve this issue.

In applicant’s July 7, 2003, letter (above) they stated that “[s]hould there be a coincident high
radiation event during the loss of power event however, VBS would not delay 10 minutes, but
would instead immediately isolate the main control room.” The staff indicated in the July 29,
2003, telephone conference with applicant that this statement seemed to indicate that there
was an additional (i.e., third), previously unidentified, triggering event (for MCR isolation/VES
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actuation). The applicant clarified at that time that the “high radiation event” meant a coincident
“high-high” radioactivity signal; and not the “high” gaseous radioactivity detected signal in'the
MCR supply air duct (as described in DCD Tier 2, Section 9.4.1.2.3.1, under “Abnormal Plant
Operation”), which would automatically start the pressurization of the MCR and TSC. This was
reflected in applicant’s July 31, 2003, |etter where apphcant stated the followrng

Westrnghouse will [revise] the DCD as rdentrfled in the “Design Contro} Document
(DCD) Revision:” portion of this response to improve the consistency of the description
of the VES triggering events. Please note that there is no “third” triggering event leading
to the actuation of VES. The “high radiation event” referred to in our earlier response to
the DSER open item and contained in the phrase “a coincident high radiation event
during the loss of power event” is not meant to describe actuation Iogrc ‘but rather a
generic condition in which high radiation exists. :

The apphcant commrtted to the following DCD Revrsrons.

DCD Tier 2, Section 1.8.4.2.3, “New Generic Issues,” Issue 83 - Control Room Habitability;
revise the 1% and 2™ paragraphs under AP1000 Response as follows:

Habitability of the main control room is provided by the main control room/technical
support center HVAC subsystem of the nonsafety-related nuclear island nonradioactive
ventilation system (VBS). [f ac power is unavailable for more than 10 minutes or if
“high-high” particulate or iodine radioactivity is detected in the main control room supply
air duct, which would lead to exceeding General Design Criteria 19 operator dose limits,
the protection and safety monitoring system automatically isolates the main control room
and operator habitability requirements are then met by the main control room

emergency habitability system (VES). The safety -related main control room emergency -
habitability system supplies breathable quality air for the main control room operators
while the main control room is isolated. . :

In the event of external smoke or radiation release, the nonsafety-related nuclear island
-nonradioactive ventilation system provides for a supplemental filtration mode of
operation, as discussed in [DCD Tier 2,] Section 9.4. In the unlikely event of a toxic
chemical release, the safety-related main control room emergency habitability system
has the capability to be manually actuated by the operators. Further, a 6-hour supply of
self-contained portable breathing equrpment lS stored rnsrde the maln contro! room
pressure boundary. : ! SR .

DCD Tier 2, Section 3.1.2, “Protection by Multiple Fission Product Barriers,” Criterion 19 -
Control Room; revise the 3"’ and 4™ paragraphs under AP1000 Complrance as follows:

The main control room is shrelded by the contarnment and auxrlrary building from direct
gamma radiation and inhalation doses resulting from the postulated release of fission
products inside containment. Refer to Chapter 15 for additional information on accident
conditions. The main control room/technical support center HVAC subsystem of the
nuclear island nonradioactive ventilation system (VBS) allows access to and occupancy
of the main control room under accident conditions as described in [DCD Tier 2,
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Section] 9.4.1. Sufficient shielding and the main control room/technical support center
HVAC subsystem provide adequate protection so that personnel will not receive
radiation exposure in excess of 5 rem whole-body or its equivalent to any part of the
body for the duration of the accident.

If ac power is unavailable for more than 10 minutes or if “high-high” particulate or iodine
radioactivity is detected in the main control room supply air duct, which would lead to
exceeding General Design Criteria 19 operator dose limits, the protection and safety
monitoring system automatically isolates the main control room and operator habitability
requirements are then met by the main control room emergency habitability system
(VES). The main control room emergency habitability system also allows access to and
occupancy of the main control room under accident conditions. The emergency main
control room habitability system is designed to satisfy seismic Category | requirements
as described in [DCD Tier 2,] Section 3.2; the system design is described in [DCD

Tier 2,] Section 6.4. '

DCD Tier 2, Section 6.4, “Habitability Systems”; revise the 3" paragraph as follows:

If ac power is unavailable for more than 10 minutes or if “high-high” particulate or iodine
radioactivity is detected in the main control room supply air duct, which would lead to
exceeding General Design Criteria 19 operator dose limits, the protection and safety
monitoring system automatically isolates the main control room and operator habitability
requirements are then met by the main control room emergency habitability system
(VES). The main control room emergency habitability system is capable of providing
emergency ventilation and pressurization for the main control room.

DCD Tier 2, Section 6.4.3.2, “Emergency Mode”; revise the 1 paragraph as follows:

Operation of the main control room emergency habitability system is automatically
initiated by either of the following conditions:

. “High-high” particulate or iodine radioactivity in the main control room supply air
duct
. Loss of ac power for more than 10 minutes

DCD Tier 2, Section 6.4.4 “System Safety Evaluation”; revise the 3™ from last paragraph as
follows:

Automatic transfer of habitability system functions from the main control room/technical
support center HVAC subsystem of the nuclear island nonradioactive ventilation system
to the main control room emergency habitability system is initiated by either of the
following conditions:

“High-high” particulate or iodine radioactivity in MCR air supply duct
Loss of ac power for more than 10 minutes
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DCD Tier 2, Section 9.4.1.2.3.1, “Main Control Room/Technical Support Center HVAC
Subsystem”; revise the last sentence of the 2™ paragraph under Abnormal Plant Operation as
follows: (Note: The second to last sentence is also’ shown below it has no changes but is
lncluded for contextual purposes only.) ‘ : :

The main control room/technical support center HVAC equrpment and ductwork that
form an extension of the main control room/technical support center pressure boundary
limit the overall infiltration (negative operating pressure) and exfiltration (positive
operating pressure) rates to those value shown in [DCD Tier 2,] Table 9.4.1-1. ‘Based
on these values, the system is designed to maintain personnel doses within allowable
[GDC] 19 limits during design basis accudents in both the main control room and the
technical support center. : :

DCD Tier 2, Section 9.4.1.2.3.1; revise the last sentence of the 3"’ paragraph under Abnormal
Plant Operatlon as follows

If ac power is unavailable for more than 10 mmutes or |f “hlgh high” particulate or iodine
radioactivity is detected in the main control room supply air duct, which would leadto -
exceeding GDC 19 operator dose limits, the protection and safety monitoring system
automatically isolates the main control room from the normal main control
room/technical support center HVAC subsystem by closing the supply, return, and toilet
exhaust isolation valves. Main control room habitability is maintained by the main
control room emergency habitability system which is discussed in [DCD Tier 2 ]

Section 6.4.

DCD Tier 2, Section 9.4.1.2.3.1; revise the last sentence of the 3"’ to last paragraph under
Abnormal Plant Operatron as follows:

Power is supplied to the main control room/technlcal support center HVAC subsystem
by the plant ac electrical system. In the event of a loss of the plant ac electrical system,
the main control room/technical support center ventilation subsystem can be transferred
to the onsite standby diesel generators

DCD Tier 1, Section 2.7.1, “Nuclear Island Nonradloactlve Ventllatron System revrse the last
sentence of 1 paragraph under Design Descrlptlon as follows

In addition, the vBS |solates the HVAC penetratlons in the main control room boundary
on “high-high” particulate or iodine radioactivity in the main control room supply air duct -
or on a loss of ac power for more than 10 minutes. “This action supports operation of the
main control room ‘emergency habrtablllty system (VES)

The above proposed revisions clanfy the details assocrated with the VES tnggenng events and
provide for consistency of the descriptions throughout the document. The staff has verified that
these revisions have been incorporated in the DCD. - As such, the staff finds this to be
acceptable. Therefore, Open ltem 13.3-1.b is resolved.
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13.3.3.3.5 TSC Evacuation

Because of the unique design of the AP1000, the habitability system for the TSC is not the
same as for the MCR under all conditions. At currently operating reactors, the TSC habitability
system is either the same as for the control room, or the TSC has been provided a separate
habitability system. At these sites, should the TSC become uninhabitable, occupants are
usually evacuated to either the control room or another location onsite where habitability can be
established. Not having the TSC in the same habitability envelope as the MCR, as discussed
above, increases the likelihood that the TSC will have to be evacuated due to either loss of ac
power sources, or high-high particulate or iodine radioactivity in the MCR air supply.

In DCD Tier 2, Section 18.8.3.5 the applicant had stated that should TSC habitability be
challenged, TSC personnel and functions would be transferred to the EOF where habitability is
not dependent on plant systems, and with communication and data transfer links to the MCR to
provide essential exchange of information. Consequently, the EOF would have to be activated
and staffed early, in order to ensure that the functions and support provided to the MCR by the
TSC are not impeded. This proposed arrangement was reflected in an earlier version of DCD
Tier 2, Section 13.3.1 with the following COL information item (i.e., COL action item).

Combined License applicants referencing the AP1000 certified design will address the
activation of the emergency operations facility consistent with current operating practice
and NUREG-0654/FEMA-REP-1 except for a loss of offsite power and loss of all onsite
AC power. For this initiating condition, the Combined License applicant shall
immediately activate the emergency operations facility rather than bringing itto a
standby status.

In regard to TSC communications, DCD Tier 2, Section 1.8, “Interfaces for Standard Design,”
states that communications systems and equipment outside the annex building (which includes
the TSC) are site-specific elements and are outside the scope of the AP1000 standard plant,
and that the DCD is based upon the COL applicant providing adequate external
communications.

The staff does not agree with this approach because the physical location of the EOF was not
addressed, as it related to the EOF serving as an alternate TSC. In addition, the distinction
between transferring the TSC plant management function to the EOF upon loss of TSC
habitability, rather than to the MCR (per Section 2.6 of NUREG-0696), was not discussed.

In the applicant’s additional response to RAI 472.003 (Revision 1), the use of EOF as an
alternate TSC was justified by the capabilities of the EOF, as well as when it would be

activated. In addition, the applicant stated that the EOF design, including location, EP and
communications is the COL applicant’s responsibility. Staff responded in the DSER, saying that
the TSC design requirements could not be ignored based on unknown compensatory
measures, and that if the EOF is the alternate TSC, its location would need to be evaluated
against the following guidance criteria from Section 2.2 of NUREG-0696.

The onsite TSC is to provide facilities near the control room for detailed analyses of
plant conditions during abnormal conditions or emergencies by trained and competent
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technical staff. During recent events at nuclear power plants, telephone -
communications between the facilities were ineffective in providing all of the necessary
management interaction and technical information exchange. ' This demonstrates the
need for face-to-face communications between TSC and control room personnel. To
accomplish this, the TSC shall be as close as possible to the control room, preferably
located within the same building. The walking time from the TSC to the control room
shall not exceed 2 minutes. This close location will facilitate face-to-face interaction -
between control room personnel and the senior plant manager working in the TSC. This
proxrmtty also will provide access to mformatron in the control room that is not available
in the TSC data system . .

Resolutton of the above discussion, pertarnrng to the TSC habitability and utilization of the EOF
as an alternate TSC, was Open ltem 13 3-2 in the DSER

In its July 7, 2003 response to Open ltem 13 3-2, the apphcant stated the followrng

As stated in the response to DSER Open ltem 13.3-1, Westlnghouse believes that
AP1000 meets all applicable requirements and gurdance associated with providing TSC
habitability. Upon re-reviewing the regulations and guidance associated with the
transfer of TSC functions in the event that the TSC becomes uninhabitable,
Westinghouse will revise the DCD to be consistent with the guidance of NUREG-0696, :
Section 2.6, “Habitability " In that case, the TSC plant management function will be
transferred to the main control room. The EOF wnll not be used asan alternate TSC.

Also, as the TSC personnel and functlons are not gomg to be transferred to ‘the EOF
the COL requirement to activate the EOF when both onsite and offsite ac power is lost
will be removed from the DCD. The AP1000 DCD will be revised as shown below in the
“Design Control Document (DCD) Revision” section of this open item.

The last paragraph of DCD Tier 2, Section 13.3, was revised as follows:

- Staffing of the emergency operations facility occurs consistent with current operatlng
practrce and with revision 1 of NUREG-0654/FEMA REP-1 :

The 2“" paragraph of DCD Tier 2, Sectron 13 3 1 “Comblned Llcense Informatlon ltem,” was
revised as follows: , : . :

Combined license applicants referencing the AP1000 certified design will address the
activation of the emergency operatlons facrlrty consrstent wnth current operatlng practice
and NUREG-0654/FEMA-REP-1. : R

This is COL Action ltem 13.3.3.3.5-1.
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The 7™ paragraph of DCD Tier 2, Section 18.8.3.5, was revised as follows:

Should habitability be challenged within the TSC due to lack of cooling or a high
radiation level resulting from a beyond-design-basis accident, the plant management
function of the TSC is transferred to the main control room.

The 8™ [9™) paragraph of DCD Teir 2, Section 18.8.3.5, was revised as follows:

The combined license applicant is responsible for the EOF design, including the
specification of its location ({DCD Tier 2, Section] 18.2.6) and emergency planning, and
associated communication interfaces among the main control room, the TSC, and the
EOF (Section 13.3).

Finally, the 11™ (i.e. next to last) paragraph of DCD Tier 2, Sec 18.8.3.5 was deleted.

The above proposed revisions adequately address the possible evacuation of the TSC. In
addition, the associated TSC habitability issue is adequately addressed above. The staff
verified the changes had been incorporated into the DCD. As such, the staff finds this to be
acceptable. Therefore, Open item 13.3-2 is resolved.

13.3.3.3.6 Summary of TSC Habitability Issues

The staff concludes that the information provided in the DCD pertaining to habitability of the
TSC is consistent with the guidance criteria identified in RG 1.101, which endorses Revision 1
of NUREG-0654/FEMA-REP-1, and through it NUREG-0696, NUREG-0737, and Supplement 1
to NUREG-0737. As such, the staff finds that this meets the applicable requirements of

10 CFR 50.34(f)(2)(xxv), 10 CFR 50.47(b)(8) and (b)(11), and Subsection iV.E.8 of Appendix E
to 10 CFR Part 50.

13.3.3.4 Postaccident Sampling and Analysis

In accordance with 10 CFR 50.47(b)(9), the COL applicant must employ adequate methods,
systems, and equipment for assessing and monitoring actual or potential offsite consequences
of a radiological emergency condition. To address this regulation, the NRC has concluded that
source term information should be obtained and analyzed promptly to continuously assess and
refine dose assessments and confirm or modify initial protective action recommendations.

The requirements of 10 CFR 52.79(b} state that a COL application must contain the technically
relevant information required of applicants for an operating license under 10 CFR 50.34. The
requirements of 10 CFR 50.34(f)(2)(viii) state that the COL applicant must provide a capability
to promptly obtain and analyze samples from the reactor coolant system and containment that
may contain accident source term radioactive materials, without radiation exposures to any
individual exceeding 0.05 Sv (5 rem) to the whole body or 0.5 Sv (50 rem) to the extremities.
Materials to be analyzed and quantified include certain radionuclides that are indicators of the
degree of core damage (e.g., noble gases, radioiodines and cesiums, and nonvolatile isotopes),
hydrogen in the containment atmosphere, dissolved gases, chloride, and boron concentrations.
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13.3.3.4.1 Model Safety Evaluatlon

On October 31, 2000, the NRC published a Federal Reqnster notice (65 FR 65018) entstled
“Notice of Avanlablhty for Referencing in License Amendment Applications—Model Safety °
Evaluation on Technical Specification Improvement to Eliminate Requirements on Post
Accident Sampling Systems Using the Consolidated Line ltem Improvement Process.” The
model safety evaluation states that the information provided by the PASS, described in
NUREG-0737, “Clarification of TMI Action Plan Requirements,” is either unnecessary or is
effectively provided by other indicators of process parameters or measurement of radiation
levels. Sampling of various radionuclides is not required to support emergency response
decisionmaking during the initial phases of an accident because the information provided by
PASS is either unnecessary or is effectively provided by other indications of process
parameters or measurement of radiation levels. Therefore, it is not necessary to have
dedicated equipment to promptly obtain the various samples identified in the model safety
evaluation. ; :

However, information about the radionuclides existing postaccident could be of significant
benefit in addressing public concerns and planning for long-term recovery operations. In
addition, radionuclide sampling information could also be useful in classifying certain types of
events that could cause fuel damage without having an indication of overheating on core exit
thermocouples. Licensees could satisfy this function by developing contingency plans to
describe existing sampling capabilities and what action (e.g., assembling temporary shielding)
may be necessary to obtain and analyze highly radioactive samples from the reactor coolant
system, containment sump, and containment atmosphere. These contingency plans must be
available for use by a licensee during an accident. Finally, the model safety evaluation states
that each licensee should verify that it has, and will make a regulatory commitment to maintain
(or make a regulatory commitment to develop and maintain), contingency plans for obtaining
and analyzing highly radioactive samples of reactor coolant, contalnment sump, and
containment atmosphere.

DCD Tier 2, Section 1.9.5.2.9, “Post-Accident Sampling System " states that the PASS is a
subsystem of the primary sampling system and that the primary sampling system is desngned to
conform to the guidelines of the model safety evaluation report on eliminating PASS
requirements from technical specifications for operating plants.: DCD Tier 2, Section 1.9.3,
“Three Mile Island Issues,” under (2)(viii), “Post-Accident Sampling (NUREG-0737 Item I11.B.3),”
states that the AP1000 sampling design is consistent with the approach in the model safety
evaluation report and not the guidance outlined in NUREG-0737 and RG 1.97, “Instrumentation
for Light-Water-Cooled Nuclear Power Plants to Assess Plant and Environs Conditions During
and Following an Accident” (Revision 3,-May 1983).". The primary sampling system design is
consistent with contingency plans to obtain and analyze highly radioactive postaccident
samples from the reactor coolant system, the containment sump, and the containment
atmosphere.

DCD Tier 2, Section 9.3.3.1.2.2, “Post-Accident Sampling,” states that the primary sampling
system does not include specific postaccident sampling capability. However, thereare - : .
contingency plans for obtaining and analyzing highly radioactive samples of reactor coolant,’
containment sump, and containment atmosphere. These plans include the procedures to
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analyze, during the later stages of accident response, reactor coolant for boron, containment
atmosphere for hydrogen and fission products, and containment sump water for pH. The
primary means of containment atmosphere hydrogen analysis is the hydrogen analyzer, which
is not part of the postaccident sampling capabilities.

An earlier version of DCD Tier 2, Section 13.3.1, had provided the following COL information
item (i.e., COL action item):

To initially and continuously assess the course of an accident for emergency
response purposes, Combined License applicants referencing the AP1000
certified design will address the capability for promptly obtaining and analyzing
grab samples of reactor coolant and containment atmosphere and sump in
accordance with the guidance of Item 11.B.3 of NUREG-0737.

This COL information item, which was removed from subsequent AP1000 DCD Tier 2,

Section 13.3.1 revisions, was the same as that which was provided in Section 13.3 of the
standard safety analysis report (SSAR) for the Westinghouse AP600 standard design and
appears as COL Action Item 13.3-3 in the NRC’s AP600 FSER in September 1998.

Appendix C to 10 CFR Part 52, entitled “Design Certification Rule for the AP600 Design,” was
published in the Federal Register on December 23, 1999 (64 FR 72002, 72015). The NRC
staff issued the FSER related to certification of the AP600 standard plant design in September
1998 (NUREG-1512, 63 FR 48772). At that time, the PASS guidance in NUREG-0737
(Section 11.B.3) was applicable. As discussed above, the model safety evaluation published on
October 31, 2000, eliminated various emergency response PASS sampling requirements in
Section 11.B.3 of NUREG-0737. As such, this COL action item in DCD Section 13.3.1 did not
reflect the model safety evaluation, and was inconsistent with the other DCD sections that refer
to the model safety evaluation and its acceptance of the use of contingency plans.

13.3.3.4.2 Radiation Exposure

DCD Tier 2, Section 9.3.3, “Primary Sampling System,” states that the primary sampling system
includes equipment to collect representative samples of the various process fluids, including
reactor coolant system and containment air, in a manner that adheres to as low as is
reasonably achievable (ALARA) principles during normal and post-accident conditions. In
addition, DCD Tier 2, Section 12.4.1.8, “Post-Accident Actions,” states the following:

Requirements of 10 CFR 52.79(b) relative to plant area access and post-
accident sampling (10 CFR 50.34(f)(2)(viii)[)] are included in [DCD Tier 2,]
Section 1.9.3. If procedures are followed, the design prevents radiation
exposures to any individual from exceeding 5 rem [0.05 Sv] to the whole body or
50 rem [0.5 Sv] to the extremities.

The staff concludes that the information provided in the AP1000 DCD pertaining to controlling
radiation exposures to individuals involved in postaccident sampling is acceptable and meets
the applicable requirements of 10 CFR 50.34(f)(2)(viii), 10 CFR 50.47(b)(8), 10 CFR
50.47(b)(9), and 10 CFR 50.47(b)(11).
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13.3.4 Overall Emergency Plaﬁning Findings
The following sections summarize the EP findings.

13.3.4.1 Emergency Planning Respon'sibilities (see Section 13.3.2 of this report) -

The staff concludes that the COL applicant referencing the AP1000 design will be the primary
party addressing EP, and that EP information submitted in the application will largely depend on
plant- and site-specific characteristics. As such, the staff finds that COL Action Item 13.3-1 is
acceptable, in that it complies with the requirements set forth in 10 CFR 52.79(d) and the -~
applicable portions of 10 CFR Part 50. It is consistent with the extent to which certain EP
design features, facilities, functions, and equnpment are more appropriately addressed by the
COL applicant. ' : ,

13.3.4.2 General Descnptlon of Facllltles Jsee Sectlon 13.3.3.1 of this report) ,

The staff concludes that the mformatlon provnded in the DCD pertalmng to the TSC, OSC and
decontamination room is consistent with the guidance identified in RG 1.101. As such, the staff.
finds this information meets the applicable requirements of 10 CFR 50.34(f)(2)(xxv), 10 CFR
50.47(b)(8), 10 CFR 50.47(b)(11), and Subsections IV.E.3 and IV.E.8 to 10 CFR Part 50
Appendix E. ,

13.3.4.3 Technical Support Center Size (see Section 13.8.3.2 of this report)

The staff concludes that the information provided in the DCD pertaining to TSC size is
consistent with guidance identified in RG 1.101. Specifically, the size conforms with the
specifications of NUREG-0696 and is sufficient to accommodate and support NRC and licensee
predesignated personnel, equipment, and documentation, in conformance with Supplement 1 to
NUREG-0737. As such, the staff finds that this information meets the applicable requirements -
of 10 CFR 50 47(b)(8) and Subsection lV E.8 to 10 CFR Part 50, Appendix E.

13.3. 4 4 Techmcal Support Center Habltablhtv (see Sectaon 13.3. 3 3 of this report)

The staff concludes that the lnformatlon provnded in the DCD pertalmng to habltablhty of the
TSC is consistent with the guidance identified in RG 1.101. As such, the staff finds that the
DCD meets the applicable requirements of 10 CFR 50.34(f)(2)(xxv), 10 CFR 50.47(b)(8) and
(b)(11), and Subsection IV.E.8 to 10 CFR Part 50, Appendlx E.

13.3.4.5 Postacc:dent Samplmq and Anaﬂs:s Radlanon Exposure (see Sectlon 13.3. 3 4 2 of

this report)

The staff concludes that the information provided in the AP1000 DCD pertaining to controlling
radiation exposures to individuals involved in postaccident sampling is acceptable and meets
the applicable requirements of 10 CFR 50. 34(f)(2)vm), 10 CFR 50.47(b)(8), 10 CFR 50. 47(b)(9)
and 10 CFR 50.47(b)(11). e _ _
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13.4 Operational Review

In DCD Tier 2, Section 13.4, the applicant stated that the COL applicant is responsible for
operational review. In DCD Tier 2, Section 13.4.1, the applicant included a statement that a
COL applicant referencing the AP1000 certified design will address each operational review.
The stalff finds this to be acceptable. This is COL Action Item 13.4-1.

13.5 Plant Procedures

In DCD Tier 2, Section 13.5, the applicant stated that the COL applicant is responsible for plant
procedures. The applicant referred to WCAP-14690, Revision 1, “Designer’s Input to
Procedure Development for the AP600,” issued June 1997, which provides input to the COL
applicant for developing plant procedures, including information on the development and design
of the AP1000 emergency response guidelines and emergency operating procedures. In DCD
Tier 2, Section 13.5.1, the applicant stated that a COL applicant referencing the AP1000
certified design will address plant procedures for the following areas: '

normal operation

abnormal operation

emergency operation

refueling and outage planning

alarm response

maintenance, inspection, test, and surveillance
administration

operation of post-72-hour equipment

The staff finds this to be acceptable. This is COL Action item 13.5-1.

13.6 Security

The staff evaluated the security features of the AP1000 design as described in (1) AP1000
Security Assessment, Revision 1, March 2004 (safeguards information) and (2) DCD Tier 2,
Section 1.2, “General Plant Description.” The application was reviewed against the following
requirements:

. 10 CFR 73.34, “Contents of applications; technical information”

. 10 CFR 73.55, “Requirements for physical protection of licensed activities in nuclear
power reactors against radiological sabotage”

. 10 CFR 70.51, “Material balance, inventory, and records requirements”

The staff had not completed its review of the applicant’s security program when the DSER was
issued. Specifically, the staff had not reviewed the AP1000 Security Assessment Revision 1,
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dated March 2004. Completion of the security review was identitiéd as Open Item 13.6-1 in the DSER.
13.6.1 Preliminary Planning

DCD Tier 2, Section 13.6.13.1, “Security Plans, Organization, and Testing,” states that the
comprehensive security plan is the responsibility of the COL applicant. The staff finds this
approach acceptable. Because the COL application must include a physical security plan,
safeguards contingency plan, and guard training and qualification plan, a prehmlnary plannlng
submission is not necessary for the desrgn certification.

While not required for the AP1000 design certlflcatlon process, the applicant recognized the
new security requirements that the NRC imposed by order on operating power reactors and
assessed the AP1000 design against these requrrements DCD Tier 2, Section 13.6.1,
“Preliminary Planning,” states the following: -

As a result of the events of September 11 2001 the NRC |ssued orders to
power reactor licensees titled ‘Interim Compensatory Measures [ICM’s] for High
Threat Environment’ ([DCD] Reference 4). On April 29, 2003, the NRC also
issued a revised ‘Design Basis Threat [DBT] for Radiological Sabotage for
Operating Power Reactors’ ([DCD] Reference 5). An assessment of the impact
of [the orders and ICMs] is provided in the AP1000 Security Assessment ([DCD]
‘Reference 6) that has been submitted under separate cover in accordance with -
10 CFR 73.21. The AP1000 Security Assessment Document provides an
assessment of how References 4 and 5 are addressed in the AP1000, and
identifies the applicable requirements in References 4 and 5 that are addressed
by the Combined License applicant for an AP1000.

The staff reviewed the information and positions taken in the noted AP1000 Security -
Assessment, and found this approach to be acceptable. Because the COL application must
include physical security, safeguards contingency, and training and qualification plans, many of
the security requirements in 10 CFR 73.55 are not required for the design certification.

13.6.2 Security Plan

DCD Tier 2, Section 13.6.2,"Security Plan,” states the following:
The comprehensive physical security orogram is the responsibility of the Combined
License applicant and will be addressed in the security plan, contingency plan, and
guard training plan provided by the Combined License applicant.

The staff finds this approach to be acceptable. The staff noted that a future COL applicant

must address the physical security contingency and guard training and qualification plan in
accordance with 10 CFR 50.34. This is COL Action Item 13.6.2-1.
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The COL applicant must provide site-specific physical security, contingency response, and
guard training and qualification plans in accordance with 10 CFR 50.34 and 10 CFR 73.55.
DCD Tier 2, Section 13.6.13.1, states the following:

At least 60 days before loading fuel, the Combined License applicant will confirm
that the security systems and programs described in its physical security plan,
safeguards contingency plan, and training and qualification plan have achieved
operational status and are available for the [NRC] staff’s inspection. Operational
status means that the security systems and programs are functioning. The
determination that operational status has been achieved will be based on tests
conducted under realistic operating conditions of sufficient duration to

demonstrate that :

. the equipment is operating;

. procedures have been developed, approved, and implemented; and

. personnel responsible for security operations and maintenance have been

appropriately trained and have demonstrated their capability to perform their
assigned duties and responsibilities.

The staff finds this approach to be acceptable. The COL applicant must (1) address the testing
and maintenance in accordance with 10 CFR 73.55(g), (2) address general criteria for security
personnel in accordance with 10 CFR Part 73, Appendix B, (3) develop security procedures in
accordance with 10 CFR 73.55(b)(3) and (4) ensure only appropriately trained persons perform
security job duties in accordance with 10 CFR 