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MITSUBISHI HEAVY INDUSTRIES, LTD.

16-5, KONAN 2-CHOME, MINATO-KU
TOKYO, JAPAN

March 27, 2013

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Attention: Mr. JeffreyA. Ciocco

Docket No. 52-021
MHI Ref: UAP-HF-13074

Subject: MHI's Response to US-APWR DCD RAI No. 998-7025 (SRP 05.04.07)

Reference: 1) "Request for Additional Information No. 998-7025, SRP Section 05.04.07 -

Residual Heat Removal (RHR) System -Application Section: 5.4.7", dated
February 27, 2013.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document entitled "Response to Request for Additional
Information No. 998-7025."

Enclosed is the response to the question contained within Reference 1.

Please contact Mr. Joseph Tapia, General Manager of Licensing Department, Mitsubishi
Nuclear Energy Systems, Inc. if the NRC has questions concerning any aspect of this
submittal. His contact information is provided below.

Sincerely,

Yoshiki Ogata,
Director- APWR Promoting Department
Mitsubishi Heavy Industries, LTD.

Enclosure:

1. Response to Request for Additional Information No. 998-7025



CC: J. A. Ciocco
J. Tapia

Contact Information
Joseph Tapia, General Manager of Licensing Department
Mitsubishi Nuclear Energy Systems, Inc.
1001 19th Street North, Suite 710
Arlington, VA 22209
E-mail: joseph-tapia@mnes-us.com
Telephone: (703) 908 - 8055
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

3127/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 998-7025

SRP SECTION: 05.04.07 - RESIDUAL HEAT REMOVAL (RHR) SYSTEM

APPLICATION SECTION: 5.4

DATE OF RAI ISSUE: 2/27/2013

QUESTION NO.:05.04.07-16

This RAI (7025) is a follow-up to RAI 6413. RAI 6413 questions the susceptibility of the US-
APWR RHR system to potential vortex induced air ingestion and the impact to RHR pump
performance and reliability. An on-site audit was held on Oct 9th, 2012 which reviewed 1/2
scale RHR inlet pipe test results. The staff stated during the audit that the information was
insufficient and in subsequent telecons discussed potential options that MHI could follow to
provide the needed information. The audit report documented that insufficient information
was provided for the staff to make a safety determination. In response to this follow-up
question, MHI should determine what option to follow and provide the related information.

ANSWER:

1.0 CS/RHR Pump Mid-Loop Performance and Reliability Confirmation

MHI's intent is to rely on pre-operational testing of the as-built plant to confirm acceptable
RHR mid-loop performance of the as-built US-APWR RHRS. MHI does not intend to
construct a full scale test apparatus to conduct "bench top testing" of the intended RHRS
configuration. To mitigate the associated risks of relying on pre-operational testing, a
mitigation and corrective strategy will be employed in the unlikely event that the as-built
RHRS fails to meet pre-operational test acceptance criteria for mid-loop operations.

2.0 RHRS Pre-Operational Test Objectives

The following onsite tests will be performed to confirm acceptable operation of the US-APWR
RHRS during mid-loop conditions:

1. Verify operation of the automatic let-down isolation interlock
2. Verify operation of the SFP gravity injection lines
3. Verify the accuracy of the RCS water level instrumentation
4. Verify RHR pump operation and RHR nozzle performance at RCS Low water level

This RAI response is focused on test objective number 4 which is testing at the RCS Low
water level.
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3.0 CS/RHRS Pump Vendor Test Data

The pump vendor will provide type-test data for pump differential pressure and motor current
fluctuations at maximum rated mid-loop flow for the maximum allowable steady-state,
transient, and instantaneous void fractions specified in RG 1.82, Rev. 4. The pump vendor
will provide maximum allowable values for pump shaft vibration under normal operation, as
well as any higher values allowable for mid-loop operation and/or air ingestion.

Motor fluctuations under transient and instantaneous void fractions will be tested for multiple
void volumes (i.e., a specified void fraction over various times) within the air ingestion limits
of Table A-2 of RG 1.82, Rev. 4, to identify representative responses. For example, transient
void fractions ranging from 5% over 20 seconds to 10% over 10 seconds should be tested
(subject to vendor limitations). Instantaneous void fraction tests should be performed for
various void sizes (at 8.5% void fraction) ranging from approximately 0.5 seconds to 2
seconds.

4.0 Pre-Operational Test Pre-requisites

Prior to plant construction, all pumps (including the CS/RHR pumps) will be qualified per
ASME QME-1-2007. To meet the requirements and intent for NRC GL 08-01, these pumps
will be qualified for air ingestion up to and including the limits specified in NRC Regulation
Guide 1.82, Rev. 4. Additionally, the RHR pump vendor shall provide type-test data for air
ingestion for the pump performance parameters specified in this pre-operational testing
regime.

The pre-operational test for mid-loop performance will be performed after the standard RHR
pre-operational test with loops filled (and its associated pre-requisites). Water level
instrumentation operation (Objective #3 above) will be verified prior to the pump and RHR
nozzle performance tests (Objective #4 above). Isolation interlock and SFP gravity injection
(Objectives #1 and #2 above) may be performed separately from the pump and RHR nozzle
performance testing.

The loops-filled testing will be used as a reference or control case to determine nominal
pump operation characteristics (i.e. expected pump current fluctuation range, expected
differential pressure range, expected pump vibration) for as-built plant conditions and provide
direct verification of the vendor-supplied QME-1 qualification data. Subsequent testing at the
RCS Low water level will compare the measured data against the acceptable operating
ranges supplied by the pump vendor during QME-1 qualification. For example, if a slug of air
enters the pump during testing, the vendor will have supplied the maximum expected pump
current fluctuation at the maximum allowable void size. If the current fluctuation exceeds this
limit, it can be concluded that the amount of air ingested by the pump exceeded the
allowable limit. Allowable limits for void fractions and void sizes will be specified within the
limits of Table A-2 of RG 1.82, Rev. 4.

5.0 Pre-Operational Test Conditions & Parameters

The test conditions to verify acceptable system operation for the RHR pump and connected
piping shall consist of the following:

1. RCS Water Level
a. Testing shall be performed at the minimum expected mid-loop water level which

is the Low RCS Water Level minus installed instrument uncertainty (MCP
Center + 0.44 ft)
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b. No tests below the RCS Low Water Level will be required. This is because the
US-APWR PRA assumes that operating pumps will fail if RCS water level falls
below the Low water level. Therefore there are no acceptance criteria below
RCS Low Water Level. Utilities may still choose to conduct testing below the
Low RCS Water Level to evaluate margin to the RCS level at which RCS level
vortex formation and air ingestion actually starts to occur.

2. RHR Flow Rate
a. A general Pre-Service Test shall be performed at RCS Low water level per the

ASME OM Code (Section ISTB-5110) to measure pump differential pressure
and flow rate at a minimum of 5 points ranging from minimum pump flow to
maximum rated mid-loop flow. The maximum rated mid-loop flow shall be
designated the reference point for comparisons to future tests for mid-loop
performance as a bounding case (however, no additional in-service testing for
mid-loop is planned at this time). At a minimum, pump vibration will be
measured at the reference point.
(Note: A Pre-service Test with loops filled will have already been performed per
Section 4.0 above)

b. Specific testing to evaluate RHR nozzle performance (and the associated pump
performance acceptance criteria) will be performed at the maximum rated mid-
loop design-basis flow rate which is 2,650 gpm (or approx. 600 m3/hour)

3. Test Duration
a. The OM Code Pre-service Tests will, at a minimum, meet the test duration

requirements for Group A tests (ISTB-51 00). The pump shall be run at each flow
point for a minimum of 2 minutes after flow becomes stable.

b. The Low level test duration at maximum mid-loop flow used to evaluate RHR
nozzle performance will be sufficiently long to identify any intermittent and/or
periodic vortex formation and air ingestion. A testing duration of one hour at
maximum flow rate is assumed to be sufficient.

Measured test parameters shall include:

1. RCS Water Level
2. RHR Flow Rate
3. RCS Temperature
4. Pump Performance Parameters for Air Ingestion Performance

a. Pump Discharge Head
b. Pump Motor Current
c. Pump Noise (Qualitative - Information Only)

5. Other standard parameters for ASME OM Code Pre-service Testing
a. Pump Differential Pressure (repeated from above)
b. Pump Flow Rate (repeated from above)
c. Pump Vibration (either displacement or velocity)

6. Other system parameters or inspections (for information only)
a. Inspection of accumulated air in piping and/or pump casing at completion of

mid-loop test

RCS draining for mid-loop operations is accomplished through the difference between
charging pump flow (adding RCS volume) and the CVS letdown isolation line flow (removing
RCS volume). The minimum RCS water level is based on the RCS Low-Level alarm setpoint
and the associated instrument uncertainty of the letdown isolation valve interlock. Upon
actuation of the interlock, water level may continue to decrease slightly during the valve
closure time for the letdown isolation line. However, during this time, the charging pump flow
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continues to add RCS water volume and the rate of RCS drainage immediately begins to
decrease upon the start of letdown valve actuation. As soon as letdown line flow decreases
below charging pump flow, RCS water level will begin to increase. This transient minimum
water level due to isolation valve closure time is not considered significant for pump
operation, and its effect is neglected in the RCS water level for pre-operational testing.

6.0 Pre-Operational Test Acceptance Criteria

The acceptance criteria for acceptable mid-loop pump and RHR nozzle performance shall be
based on pump performance at RCS Low water level. Pump parameters for air ingestion
typically include pump head, pump shaft vibration, pump motor current, and pump noise. At
the low levels of air ingestion anticipated during mid-loop conditions, no measurable impact
on pump performance (i.e., head) or pump integrity (i.e., vibration) is expected. Although
pump noise may indicate these low levels of air ingestion, this method of detection is
qualitative and not considered reliable enough to be used as a basis for test acceptance.
Therefore, the following acceptance criteria will be used to measure air ingestion
performance by comparison to vendor type-test data with representative void fractions and
sizes.

Acceptance criteria at RCS Low water level shall be:
a. No head degradation occurs due to air ingestion when compared to the pump

performance with loops filled (reference case).
b. Pump shaft vibration does not exceed vendor limits.
c. Pump motor current measurements indicate no continuous or steady air ingestion.
d. Intermittent or periodic pump motor current fluctuations do not exceed vendor

values at the maximum allowable transient void fraction as determined from type-
testing. The maximum allowable transient void fraction from RG 1.82 Rev. 4 is
5% averaged over 20 seconds.

e. Maximum peak motor current fluctuation does not exceed vendor values at the
maximum allowable instantaneous void fraction as determined from type testing.
The maximum allowable instantaneous void fraction from RG 1.82, Rev. 4 is
8.5% (i.e., 1.7 x the max transient void fraction).

7.0 Pre-Operational Test Termination Criteria

If RHR pump measured parameters meet the acceptance criteria for the given test, the test
shall continue for a duration sufficient to identify any intermittent and/or periodic vortex
formation and air ingestion (from Section 5 above, a 1-hr test duration at each test point is
assumed to be sufficient at this time). However, if observed parameters (e.g., vibration or
pump electric current) exceed vendor-defined safe operating ranges at any point during the
testing, then the test will be immediately terminated. Exact test termination criteria will be
defined prior to testing based on vendor-supplied operating range data for the given pump
performance parameter. An operator familiar with typical pump noise during unacceptable air
ingestion will be stationed near the pump to monitor for an unacceptable condition and to
terminate testing if required.

8.0 Mitigation and Corrective Strategy

Should initial RCS Low level RHR mid-loop testing not meet acceptance criteria due to air
ingestion, a systematic approach will be taken to ascertain the cause of the failure.

5.4.7-4



In the unlikely event that pre-operational testing for mid-loop RHR operation fails to meet
acceptance criteria due to air ingestion, the decision on specific corrective actions will be
based on the severity of the observed air ingestion. Possible solutions may include raising
the alarm set point for the RCS Low water level and / or reducing the RHR flow rate.

9.0 References

1. "NRC Staff Criteria for Accessing Gas Movement in Suction Lines and Pump
Response to Gas-Revision 1; For NRC Staff Review of Responses to GL 2008-
01." January 7, 2009, attached to an NRC Public Meeting Notice under ADAMS
Accession Number ML090150637.

2. EPRI Report 1026498, "Report of the Expert Panel on the Effect of Gas
Accumulation on Pumps," August 2012.

3. Code for Operation and Maintenance of Nuclear Power Plants. American Society
of Mechanical Engineers (ASME OM Code), 1995 Edition through 2003 Addenda.

4. "Water Sources for Long-Term Recirculation Cooling Following a Loss-Of-
Coolant Accident." Regulatory Guide 1.82, Rev. 4, March 2012.

Impact on DCD

DCD Section 5.4.7.2.2.1 will be revised as shown in the attached markup.

DCD Section 5.4.7.2.3.6 will be revised as shown in the attached markup.

DCD Section 5.4.14 will be revised as shown in the attached markup.

DCD Section 14.2.12.1.22 will be revised as shown in the attached markup.

Impact on R-COLA

There is no additional impact on the R-COLA as a result of this RAI response.

Impact on S-COLA

There is no additional impact on the S-COLA as a result of this RAI response.

Impact on PRA

There is no impact on the PRA.

Impact on Topical/Technical Reports

There is no new impact on any of the referenced technical reports as a result of this RAI
response.
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lAttachments 1
5. REACTOR COOLANT AND US-APWR Design Control Document

CONNECTING SYSTEMS

slope on the pump suction side and a continuous upward slope on the pump discharge DCD_05.04.
side up to the full-flow test line. Vent valves are included at all local high points on 07-11
horizontal sections and inverted-U piping sections, and are designed to be accessible
and identifiable. Inservice testing required by Subsection 3.9.6.2 includes periodic testing
through the full-flow test lines located at the high point of the RHR piping to the RCS cold
legs (see Figure 6.2.2-10), which discharge to the RWSP. These tests periodically
discharge potential voids, minimize unacceptable dynamic effects such as water hammer,
and ensure operability of the suction and discharge lines. The vent and pipe slope design
also facilitate system venting following maintenance procedures which are part of the
operating procedures described in Subsection 13.5.2. The operating procedures
described in Subsection 13.5.2 also describe surveillance procedures including
surveillance locations, methods, and acceptance criteria to meet technical specifications
for verifying that susceptible piping is sufficiently full of water.

5.4.7.2.2 Equipment and Component Description

All components in contact with borated water such as piping, pumps, valves, and
equipment for the RHRS are made of austenite stainless steel. However, the shells of the
CS/RHR heat exchangers are made of carbon steel. The materials are used to fabricate
RHRS components and are in compliance with ASME Section III Materials requirements.

5.4.7.2.2.1 CS/ RHR Pump

The CS/RHR pumps are horizontal, motor-operated centrifugal pumps with mechanical
seals. A single unit is provided in each of the four trains. The pumps are installed in
separate shielded rooms so that one of the four pumps may be maintained while the
others are in operation.

The pumps are sized to deliver reactor coolant flow through the CS/RHR heat
exchangers to meet the plant cooldown requirements. The design head of the CS/RHR
pumps is determined to be 410 feet considering pressure losses during RHR operation.
During normal plant shutdown, mid-loop operation, and safe shutdown, the RHR pumps
are aligned to take the suction from the hot leg and discharge the reactor coolant through
the CS/RHR heat exchanger and transfer it to the cold leg of the RCS. The use of
separate pumps in each RHR train ensures that cooling capacity is only partially lost
should one pump become inoperative.

The CS/RHR pump is used for transferring the refueling water from the RWSP to the
refueling cavity and may be used for returning the refueling water from the refueling cavity
back to the RWSP.

The CS/RHR pumps are protected from overheating and loss of suction flow through
pump shutoff by means of minimum flow bypass lines that ensure flow to the pump
suction. The minimum flow line is used for pump testing during normal operations. The
minimum flow system would preclude any pump damage caused by operator error and
operate safely during this period of no flow.

Type-test data will be supplied by the pump vendor for pump performance at various DCD_05.04.

levels of air ingestion up to and including the void fraction limits defined in Regulatory 07-16

Tier 2 
5.4-40

Tier 2 5.4-40
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CONNECTING SYSTEMS

Guide 1.82 (Ref. 5.4-26). This test data will be used to support pre-operational CS/RHR I

pump testing.

5.4.7.2.2.2 CS/RHR Heat Exchanger

The CS/RHR heat exchangers are provided to cool the reactor coolant during an RHR
operation. The CS/RHR heat exchangers are also provided to remove the residual heat
during normal shutdown, during shutdown in case of loss of external power sources and
during safe shutdown. The CS/RHR heat exchangers are of the shell and U-type heat
transfer tubes and are able to accommodate the difference in rates of heat expansion
between the tube and the shell. A single unit is provided in each of the four trains and
installed in a separate room so that one of the four heat exchangers may be repaired
while the others are in operation.

The reactor coolant discharged from the CS/RHR pump is circulated through the tube
side of the CS/RHR heat exchanger, while cooling is provided by circulating CCW through
the shell side. The tubes are welded to the tube sheet to prevent leakage of the reactor
coolant.

The CS/RHR heat exchanger design is based on heat loads and temperature difference
between reactor coolant and CCW during normal and safe shutdown.

5.4.7.2.2.3 Valves

A. CS/RHR pump hot leg isolation valves

Two normally closed motor-operated gate valves are aligned in the suction line in
series in each of four RHR trains with power lockout capability between the high-
pressure RCS and the low pressure RHRS. These valves isolate the RCS from the
low pressure RHR piping.

These valves compose part of the RCPB. The second valve is a containment
isolation valve. The first and the second valves in each train are interlocked so that
they cannot be opened when the RCS pressure is above 400 psig and when the
corresponding spray header isolation valves are not closed to prevent spraying the
reactor coolant through the CS nozzle. These valves have a control room alarm,
which alerts the operators if one or both the valves are not fully closed and the RCS
pressure exceeds 400psig.

B. RHR discharge line containment isolation valve

There is one normally closed motor operated gate valve installed in each CS/RHR
pump discharge line outside of the containment. These valves have electrical power
removed during normal plant conditions. They are opened by the operator from the
main control room (MCR), during circulation cooling performed by the CS/RHR pump
and heat exchanger for the RWSP after stopping of the CS operation following an
accident, during full flow pump testing and during normal RHRS operation.

C. RHR flow control valves

Tier 2 5.4-41 ReyffismeR 3



5. REACTOR COOLANT AND
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US-APWR Design Control Document

normal refueling level the CS/RHR pumps are stopped, the RWSP isolation valves are
closed, the CS/RHR pump hot leg suction isolation valves from the RCS are re-opened
and the pumps restarted to initiate the RHR operation.

During refueling, the RHRS is maintained in-service with the number of pumps and heat
exchangers in operation as required by the heat load.

Following refueling, the CS/RHR pumps are used to drain the water in the refueling cavity
to the top of the reactor vessel flange. This is done by pumping water from the RCS
through the pump full-flow test lines to the RWSP as the reactor vessel head is lowered
into place. The vessel head is then replaced and the normal RHRS flow path is re-
established. The refueling cavity can also be gravitationally drained to the RWSP without
the operation of pumps.

5.4.7.2.3.6 Mid-loop and Drain Down Operations

The RHR system is used to provide core cooling when the RCS must be partially drained
to allow maintenance or inspection of the reactor head, SGs, or reactor coolant pump
seals.

Mid-loop operation is a residual heat removal (RHR) operation where the RCS water level
is brought to the middle portion of the main coolant piping (MCP) during outage for
oxidation operation and installation/removal of steam generator (SG) nozzle -eveFdams.
Whcn the RCS water level deGreases abnrmfally, air inadvctcntly gets into the residual
hcat removal system with the possibility of affecting the RHRS.

When the RCS water level abnormally decreases, air may be ingested into the residual
heat removal system with the possibility of affecting the RHRS. The RCS level should be
maintained higher than the RCS Low water level of 0.47 feet higher than loop center and
a RHRS flow rate of 1,550 gUm to 2,650 gpm should be maintained. Operating
Procedures described in DCD Section 13.5.2 address reguired administrative controls
durinc mid-loop operations when RCS loops are not filled.

DCD_19.01-
10 S02
DCD 05.04.
07-16

Pre-operational CS/RHR pump testing will be conducted at the RCS Low water level to
confirm acceptable long term operation at the lowest assumed RCS level of pump
operation.

The features of mid-loop operation in US-APWR are shown as follows;

(=hlemfical addition (hYdrogen perox(ide)
I I

Hydrogen peroxide addition is adopted instead of aeration because it decreases the
duration of the mnid loop operation. As a result, the mnid loop operation is needed only
to drain the SG primar,' side water while being able to maintain a high RCS water
level for moGSt of the oxidation operation:.

DCD19.01-
10 Sol

DCD_19.01-
10

! DCDi 9.01 -
110S01

B. High RCS water Level

. eepipMaintaining a high RCS water level for the duration of SG primary side water
drainage and vacuum venting operation decreases the possibility of air intake to the

Tier 2 5.4-46 Tie 25.446RePeRam~
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RHRS. Since the SG installation level for the US-APWR is higher than in Most
Mlantthe top of the MCP, a high RCS water level duing thc oxidation operatien does
not affc.t the SG o...c...vr, nor izt ..eferc with the SG maintenancecan be
maintained during the installation/removal of SG nozzle dams.

C. Water level instrument

Redundant narrow range water level instrument and a mid-range water level
instrument, which are shown in Figure 5.1-2 (Sheet 3 of 3), are provided to measure
mid-loop water level. Installation of a redundant water narrow level instrument
enhances reliability of the mid-loop operation.

A temporary mid-loop water level sensor that measures the RCS water level with
reference to pressure at the reactor vessel head vent line and cross over leg is
installed in addition to these permanent water level sensors to cope with surge line
flooding events.

D. Interlock for abnormal water level decrease

When the water level of RCS drops below the RCS Low water level (0.47 feet higher
than loop center)m4d- lee- le,•4, low pressure letdown lines are isolated automatically.
This interlock is useful to prevent loss of reactor coolant inventory

DCD_19.01-

R501j9.01-
10 s02

IDCD-19-495

E. Water supply from spent fuel pit

When the water level of RCS abnormally drops and all RHR pumps cannot be
operated because of air intake, operator can supply water from the spent fuel pit
(SFP) to the reactor vessel when the RCS is at atmospheric pressure. Since the
RHRS is connected to the SFP, SFP water can be injected by gravity.

The level in the primary systcm is lowered below the upper end of the hot and cold legs.
The RCS water level should be maintained higher than 0.33 feet abeve the loop center
and the RHR flow of 1,550 to 2,650 gpm should be supplied. During. mid loop ope.ation.,,-
the air/water intcface is at close proximfity to the RHR SUction noizzlcs located on the hot
legs, but thc higher RCS watcr level applied for the US APWNR design reduces the
possibility of air entraiwnent int the RHR pump suction. Air ingestion by an RHR pum~p
can .ausc lo6s of pump function, creating the potential for lo.. of RHR.

In addition to the above features to reduce the risk of loss of Decay Heat Removal, the
following operational considerations are incorporated into the US-APWR operating
procedures:

- Either at least three prSsuizer safety valves or the pFr6,uriZer manway i,
r.quired to be used arm an R' S vet path to prcvcnt RS prcssurizatin. Asnotod

i L88 17, thcrc is a possibility of rapid loss of RCSGR nor yeecino
water thro)ugh the SGO no-z-zle- d~ams on the cold leg side in the event of a los;s of.
RHR anid subsequent RCS pressurization. To min*imize this potential, an RGS
vent path . required during the period when a SG manway on the cold leg side is
remo.ed, and S. G nozzle dams on the hot leg side are installed. This vent path
assureS that the core cannot be uncoerod by an RGS pressurization that ejects

I DCD1 9-492

DCD_05.04.
07-16

DCD_19-495

DCD_1 9-492

DCD_1 9-578

DCD_19-493
DCD_19-506
S02
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5.4-26 Water Sources for Long-Term Recirculation Cooling Following a Loss-Of-
Coolant Accident, Regulatory Guide 1.82, Rev. 4, March 2012.

DCD_05.04.
07-16
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14. VERIFICATION PROGRAMS US-APWR Design Control Document

6. To provide the RHRS relief valve in order to protect low temperature overpressure
for the RCS.

7. To demonstrate proper operation of the SFP gravity drain injection to the RCS.

B. Prerequisites

1. Required construction testing is completed.

2. Component testing and instrument calibration is completed.

3. Test instrumentation is available and calibrated.

4. Required support system are available.

5. Required system flushing/cleaning is completed.

6. Required electrical power supplies and control circuits are energized and
operational.

7. The CCW system is available to supply water to the CS/RHRS heat exchangers,
pump seal coolers, and CS/RHRS pump motors.

C. Test Method

1. System component control and interlock circuits and alarms are verified, including
the operation of the CS/RHRS pumps and RHRS valves.

2. CS/RHRS pump and RHRS performance characteristics are verified during RCS
circulation.

3. RHRS operation is verified during RCS heatup and cooldown in conjunction with
the hot functional test. This includes operation of reactor coolant cooling with only
two of four subsystems.

4. Operation of the RHRS during RCS mid-loop hot leg water level is verified- DCD_05.04.

including testing at the RCS Low water level in which discharge head and pump 07-16

motor current are monitored for air ingestion..

5. Operation of the SFP gravity injection to the RCS during mid-loop operation is
verified.

D. Acceptance Criteria

1. RHRS components respond properly to normal control and interlock signals (see
Subsection 5.4.7).

2. CS/RHRS pump and RHRS performance characteristics are within design
specifications.

Tier 2 14.2-56 Revarsoen 3


