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Revision His

Revision Page Description

0 All Original issue

4,7 Term head loss is replaced with pressure drop.

5 Description is added to justify performing the test with mock-up
assembly.

5 Description is added to address the test condition at room
temperature and atmospheric pressure.

6 Explanation of the flow rate conditions is added.

Bypass debris conditions are updated with a discussion
7 regarding conservatism in debris amount and possible

additional tests applying different fiber to particle ratio.

7 Description of the termination criteria is modified.

Description is added to address how to apply the test data to a7 full-scale fuel assembly.

8 References are added.

9 Drawing is updated with the latest loop minor modification.

14 Footnote is added in Table 1.

14 Table-2 was updated to add columns for scaled amount of
bypass debris used at tests.

15 Schedule updated.
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1. INTRODUCTION

GL 2004-02 (Reference 1) was issued to request licensees to address the effects of
post-LOCA debris on long-term core cooling (LTCC) including sump strainer downstream
effects. In order to address the plant-specific aspect of this issue, Mitsubishi Heavy
industries Ltd ý(MHI) issued a technical report "US-APWR Sump Strainer downstream
Effects." (Reference 2)

The technical report assesses the US-APWR systems and components downstream of the
containment sump strainers to ensure that these systems and components will operate as
designed under post LOCA conditions with debris-laden post-LOCA fluid. The report
incorporates the lessons learned and concerns from GSI-191 and GL 2002-04. It was
prepared in accordance with NEI 04-07 and published NRC staff expectations. The report
also meets the intent of previous industrial studies in the U.S. as adapted to the US-APWR
design. The report concludes that operation under post LOCA conditions with
debris-laden post-LOCA fluid will not result in a flow rate below that required for LTCC
because the US-APWR is a low fiber plant equipped with high performance strainers.
Fuel cladding temperatures will remain below those required by 1 OCFR50.46.

It is the opinion of MHI that the technical report conclusions adequately address the issue
and therefore, testing is not necessary for the Design Certification evaluation. However,
MHI will supplement the report with a core inlet blockage test to provide the NRC with
additional supporting information.

2. OBJECTIVE

The objective of the core inlet blockage test is to obtain test data on the pressure drop
through the mock-up assembly that simulates the US-APWR fuel assembly with the
debris-laden fluid. The data will be used to demonstrate that a sufficient driving head is
available to maintain an adequate flow rate to remove decay heat during post-LOCA
recirculation even when the bypass debris build-up has occurred in the fuel assembly. This
will provide the NRC with confirmation that the LTCC capability is adequately maintained in
the US-APWR.

3. TEST CONFIGURATION

The core inlet blockage test will be conducted using the test loop shown in Figure 1. The
loop consists of a test section, variable speed circulation pumps, water reservoir, debris
tanks and connecting piping. The water is circulated by the pump, and the flow rate is
controlled by the pump speed. A constant flow rate is maintained during each test run. The
flow direction can be changed by valves so that either forward or backward flow mode can
be selected. The debris-laden fluid is stored in the debris tanks and injected into the main
flow as required. The debris-laden fluid is continuously mixed in the tank so as to prevent
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debris from agglomeration and sedimentation.

The test section is a transparent acrylic duct which enables visual observation. It contains a
mock-up assembly shown in Figure 2 to simulate the US-APWR fuel,

I.
The test section therefore represents 1/257 of the US-APWR core. The mock-up assembly
is comprised of 17x17 fuel rods [ ]. The test section is
equipped with pressure taps as shown in Figure 3, and differential pressure between the
pressure taps is measured with pressure transducers.

The mock-up assembly is considered as a conservative representation of the full-scale fuel
assembly when appropriate scaling is applied. The pressure drop over the downstream grid
spacers that will trap smaller amount of debris will be substituted with the pressure drop
over the upstream spacers.

4. TEST CONDITION

The test conditions are shown in Table 1. Case 1 is performed to obtain pressure drop
through the non-debris laden assembly as reference data. Case 2 through 4 are
determined based on post-LOCA conditions described in section 4.1.

The test will be performed at flow conditions simulating post-LOCA reactor core with room
temperature water at atmospheric pressure. The use of the room temperature fluid
conservatively covers the post-LOCA core condition. The post-LOCA core flow conditions
will be simulated assuming the identical flow rate for a single assembly. High kinematic
viscosity of the room temperature fluid yields low Reynolds number flow in the core, and the
low Reynolds number flow yields a generally higher pressure drop coefficient. In addition,
the dynamic pressure is larger at low temperature due to the temperature dependence of
the water density. Therefore, the evaluation of the pressure drop coefficient at room
temperature is conservative.

As for the atmospheric pressure, in the post-LOCA core where long term cooling is an issue,
the pressure has nearly reaches atmospheric pressure when considering a large break
LOCA that would generates large amount of debris. Furthermore, there is little effect of the
pressure conditions for flow character on the downstream test. Therefore, the use of
atmospheric pressure is considered appropriate.
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4.1 Post-LOCA conditions

The post-LOCA conditions are represented by the following three (3) state-points in
consideration of the LOCA scenarios, break points and operation modes.

- Hot-leg break
- Cold-leg break
- Cold-leg break after hot-leg switch over

These state-points are illustrated in Figure 4.

4.2 Flow rate conditions

The flow rates in Table 1 are selected as bounding conditions that cover possible core flow
rates in the post-LOCA conditions. The flow rates are determined as 1/257 of the actual
US-APWR core flow rate. The flow direction is either forward (normal direction) or
backward (reverse direction) depending on the post-LOCA injection mode.

The flow rate for Case 2 is a maximum flow rate in the forward direction that occurs during
the hot-leg break. This flow rate is determined as the flow rate of four safety injection (SI)
pumps with non-debris-laden flow being injected through direct vessel injection (DVI)
nozzle.

The flow rate for Case 3 is the flow rate that meets the boil-off flow rate to maintain the core
covered with the coolant. This represents the lower bound of the possible flow rate during
the post-LOCA recirculation.

Case 4 represents the maximum flow rate in the backward direction that occurs during the
cold-leg break after the hot-leg switch over. In the US-APWR design, two of the four SI
pumps will be switched from the (DVI) nozzle to the hot-leg after 4 hours. The maximum
flow rate in this case is determined as the flow rate of the two SI pumps, which is the case
that the injected fluid through the hot-leg passes through the core from the top to the bottom
and that through the DVI nozzle spills out from the break location in the cold-leg.

4.3 Bypass debris conditions

The evaluation of the amount of bypass debris is described in this section. The estimated
debris generated upstream of the strainer (in containment) is summarized in Table 2, which
is based on the discussion in section 3.2 of the technical report "US-APWR sump strainer
performance" (Reference 3). For the core inlet blockage test, the total amount of generated
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debris, except reflective metal insulation (RMI) debris, is considered as "bypass debris",
which possibly! bypasses the sump strainer. The amount of debris introduced into the test
loop is 1/257 of the bypass debris evaluated based on the US-APWR design.

Since the effect of fibrous to particulate debris ratio is an industry issue (Reference 4), two
additional tests may be conducted with varying fiber to particle ratio at limiting flow condition
selected from Table 1 upon the availability of the test results with the maximum debris load.
The additional tests will be performed solely for the purpose of the confirmation of the
conservatism.

5. TEST PROCEDURE

The test will be performed by following steps.

1. The test loop is filled with water.
2. The pressure drop is measured with non-debris laden condition.
3. The debris is introduced to the water flow, and pressure drop is measured.
4. The measurement is continued until the pressure drop stabilizes or reaches its

pressure loss criterion after all the debris for the test is added. The pressure loss
criterions will be identified by the flow rate and driving head that corresponds to a
LOCA scenario (pipe break location and operation mode)

5. The visual observation of the fuel assembly is performed after the test
6. The test loop and mock-up assembly are cleaned after each test run.

6. EVALUATION

The pressure drop through the full-size fuel assembly due to the debris loads APdebris will be
estimated from measured pressure drop considering the difference in the number of
intermediate grid spacers between the full-size assembly and the test assembly.

However, the final estimation method will be decided based on the measured pressure drop
values.

In order to demonstrate the LTCC capability, APdebris must be smaller than APavailable which is
the driving force considering RCS flow pressure drop to ensure the sufficient flow rate in the
post-LOCA reactor core compared with minimum flow rate to maintain LTCC. Acceptance
criterion for the test results is, therefore, shown as follows.

APavailable >APdebris
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7. QUALITY ASSURANCE PROGRAM

This test will be performed under the quality assurance program of US-APWR (Reference
5) that satisfies 10 CFR Part50 Appendix-B, ASME NQA-1-1994 and 10 CFR Part2l.

8. TENTATIVE TEST SCHEDULE

The schedule of the core inlet blockage test is shown in Table 3.
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Emergency Recirculation during Design Basis Accidents at Pressurized Water

Reactors", Generic Letter 2004-02, September 2004.

2. Mitsubishi Heavy Industries, Ltd., "US-APWR Sump Strainer Downstream Effects",

MUAP-08013-P Revision 0, December 2008

3. Mitsubishi Heavy Industries, Ltd., "US-APWR sump strainer performance",
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5. Mitsubishi Heavy Industries, Ltd., "Quality Assurance Program (QAP) Description for

Design Certification, of the US-APWR", PQD-HD-1 9005 Revision 3, 2009
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Figure 1 Schematic drawing of the test loop
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Full scale fuel
assembly

Top nozzle
Top grid
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9 intermediate 6C
grid spacers

Bottom grid
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Figure 2 Comparison of the mock-up assembly for the test and full-scale assembly
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Figure 3: Test section and measurement positions
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(a) Hot-leg break
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Figure 4: Illustration of the post-LOCA conditions (1)
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Steam Generator Steam Generator

Pressurizer
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*1 Driving head reaches its peak right before the flow begins to spill over the
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(c) Cold-le~q break after hot-leq switch over

Figure 4: Illustration of the post-LOCA conditions (2)
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Table 1: Test conditions

Case Scenario Flow direction Test Flow US-APWR RemarkS*2
Rate *1 Flow Rate

Non-debris-laden Forwardcondition /Backward

2 HL Break Forward 22.8 gpm 5848gpm Max. safeguard flowrate of Four(4) SI
Boil off flow rate at

3 CL Break Forward 3.5 gpm 907gpm 850s

CL Break after Backward 11.4gpm 2924gpm Max. safeguard flow
HLSO rate of two(2) SI

*1:1/257 of the minimum required flow rate for the US-APWR
*2: As for debris conditions, see Table 2. Two additional tests will be

particle ratio (see section 4.3).
performed as to fiber to

Table 2: Debris types and quantities

Debris Asssumed Bypass Scaled for test -
Debris type Specific type generated in debris

containment

NUKON 
16 ft3

Fibrous (38.4 Ibm) 68.4 Ibm 0.27 Ibm
30 IbmLatent f(12.5 ft3)

Coating debris 18 ft3

Particulate (1,692 Ibm) 1,862 Ibm 7.25 IbmLatentLatent170 Ibm
particulate

Reflective metal insulation 106 ft3  0 ft3  Not used
(RMI)

Chemi NaAISi30 8  160 Ibm

Debris 305 Ibm 1.19 Ibm
AIOOH 145 Ibm

*1:1/257 of the assumed bypass debris amount is used for scaling test
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Table 3: Schedule of the core inlet blockage test
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