KEPCO & KHNP APR1400 Design Features to Address GSI-191 APR1400-E-N-NR-13001-NP, Rev.0

Appendix A

Comparison of IRWST Sump Strainer Design to
NRC RG 1.82 Requirements

KEPCO & KHNP
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Appendix B

IRWST Sump Strainer Performance Testing
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Head Loss Test Plan of the APR1400
IRWST Sump Strainer
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Appendix B-2

Bypass Test Plan of the APR1400
IRWST Sump Strainer
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Head Loss Test Report of the APR1400
IRWST Sump Strainer
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Bypass Test Report of the APR1400
IRWST Sump Strainer
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1. BACKGROUND

The APR1400 has four (4) ECCS/CS trains with an independent 600 ft strainer for each train for a total
of 2,400 ft? [1]. The design requires a minimum of three trains in operation (1,800 ft2) assuming one
train with a single failure and one train with a maintenance outage. The strainers prevent debris from
being ingested into the Safety Injection system (SIS) and Containment Spray system (CSS) in the event
of a loss-of-coolant-accident (LOCA) and are located within the In-containment Refueling Water Storage
Tank (IRWST).

The design and evaluation methods for the strainer performance are in accordance with the latest
revision of Regulatory Guide 1.82 [2]. If a LOCA inside the reactor building were to occur, it could
generate debris that, if transported to and deposited on the recirculation sump screens, could
challenge the safety function of the recirculation sumps. Specifically, debris that could accumulate on
the sump screens would increase head loss across the resulting debris bed and sump screen. This
head loss might be sufficiently large such that it may exceed the net positive suction (NPSH) margin of

the SIS and CSS pumps that draw from the sump.

The purpose of this test is to develop head loss data to validate IRWST sump strainer performance
using a conservative assumption that all debris is 100% transported to a single sump strainer. Should
this test program find the head losses to be unacceptable, the mass of latent fiber may be reduced or

the strainer surface area can be increased.

2. TEST APPROACH

This head loss test plan is designed in accordance with the head loss testing guidance provided in
NRC Staff Review Guidance Regarding Generic Letter 2004-02 Closure in the Area of Strainer Head
Loss and Vortexing dated March 2008 [3]. This staff guidance provides acceptable methods to

perform prototype strainer head loss testing.

2.1 Test Objective

The objective of the tests is to develop experimental head loss data associated with the debris

accumulated on the sump strainer from the most limiting high-energy line break in containment.

KEPCO & KHNP 1
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Flow sweeps will be conducted to obtain additional head loss data as a function of flow rate (i.e.,
approach velocity) to adjust the head loss over the range of fluid temperatures required for sump
operation. While the flow sweeps are often the norm and used to determine the relative proportionality
of laminar and turbulent flow, the objective of this test is to achieve little or no head loss as a result of

open screen area and therefore may ultimately be scaled by density due to primarily turbulent flow.

The tests will collect and record differential pressure across the strainer, fluid temperature, and pump
flow rate for the debris mixtures identified in the test matrix. The proposed tests in this test plan are
designed to demonstrate that the head loss associated with the strainer configuration is acceptable for
the design debris loading. Acceptance in this definition is within available ECC/CS pump NPSH
margin. This evaluation will take place outside this test report. A data report will be developed

presenting the results of the testing associated with this test plan.

2.2 Test Description

A test matrix is designed to validate the performance of the sump strainer for varying debris loads from
a spectrum of break locations identified in the debris generation and transport calculation [1]. For
plants with the potential to generate relatively large quantities of fibrous debris, the test matrix should
provide confidence that the peak head loss has been conservatively or prototypically determined. The
approach is to validate the head loss from the maximum debris bed case either in a single test or

multiple tests as accepted by the NRC in their Supplemental Guidance [3].

The APR1400 utilizes reflective metallic insulation (RMI) as the primary insulation system in
containment and therefore has very little fibrous debris that reaches the IRWST sump strainer. In fact,
the only fiber component resulting from the spectrum of break locations is latent fibrous debris. The
quantity of latent debris at this time (since the plant is not yet built) is an assumption. KHNP has
selected 200 Ibs of latent debris with 92.5 percent / 7.5 percent split of particulate and fibrous

constituents.

A full scale prototype section of the strainer will be installed in a test tank and loop with sufficient water
volume to allow circulation of debris around the prototype. The recirculation flow through the test loop

and strainer is established based on the plant strainer and flow rate.

KEPCO & KHNP 2
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The test will begin with a clean strainer flow sweep with no debris in the tank. This flow sweep will
measure the head loss created by a clean strainer at each of the flow rates in the Test Matrix. These
head loss values will be compared to the analytical values developed in the clean strainer head loss

calculation. At the end of this flow sweep, the flow will be adjusted to the target test flow rate.

The debris test will begin by first adding in the full mass of particulate and then adding the scaled
masses of fiber that correspond to 7.5 Ibs and 15 Ibs of fiber on a single 600 ft* plant strainer (2
batches will be added), which will produce slightly greater than a 1/8 in debris bed. After the fiber
loads have been introduced and debris head loss stabilized, chemical precipitate loads will be
introduced into the tank. Flow sweeps are performed at the stabilized head loss before and after the
chemical precipitates are added and head loss stabilization has been achieved. Once stabilization has

been achieved and flow sweeps performed, the test is terminated and complete.

2.3 Test Acceptance

The testing is designed to obtain steady-state debris head loss data as a function of flow rate and
temperature for the prototype strainer assembly. Given the nature of the chemical precipitates, it is not

possible to predict the head loss associated with these materials with any certainty.

However, it is expected that with this small quantity of fiber debris, there will be very little head loss

associated with the fiber, particulate and chemical effects.
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3. TEST ARTICLE

3.1 IRWST Sump Strainer Design

The IRWST sump strainer will fit over the existing sump pits (Figure 3-1). There are four (4) IRWST
sump strainers, each with a minimum of 600 ft? for a total of 2,400 ft2. To be conservative, the entire
debris load will be applied to a 600 ft* single strainer. The test prototype will represent a single strainer
during testing. Therefore, the test parameters must be scaled to this value. The flow rates for the
safety injection, containment spray and shutdown cooling are also shown in Figure 3-1. Under a
normal LOCA, all four (4) sumps are operational with four (4) trains of safety injection (SIP) and two (2)
trains of containment spray (CSP). Considering a single failure and a maintenance outage, only two (2)
trains of safety injection and one (1) train of containment spray would be operational. Shutdown
cooling would not be running during the LOCA.
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g J
Figure 3-1: Plant Recirculation Sump Strainers (4 total) [10]
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The APR1400 utilizes RMI as the primary insulation system and does not use fibrous or other
problematic materials inside containment, the only source of fibrous insulation is latent debris.
Therefore, the types and quantities of debris are limited to latent fiber and particulate, coatings and
chemical effects. A portion of the sump strainer will be considered blocked with 100 ft* of labels and

tags. Therefore the effective area of the strainer will be considered to be 500 ft2.

The strainer is designed based on the following conditions [1]:

1) Flow Condition

= ) I o (oA A = L (= (o o] 0 PSP PP 6,660
D)  Fluid temperature (CF) ... e 140 — 230

2) Debris Quantities

a)  EPOXY PAINT (I3t 0-31
D) Latent fiDer (IDS)* ... e 15[7.5]
c) Latent particulate (IDS)™ ......ooo i 185 [192.5]

d) Chemical Effects

1) Calcium PhosSphate (KG) ......coveverieriiieiieeiecieeie ettt 0.7
1) Sodium AIUMINUM SIlICAtE (KG) .vvveveiveriiieiereieieeieie ettt 4.3
111)  Aluminum OXy-hydroXid€ (KG) ...« e veeeesereerereerereerineeeseeesieseeseseeseseeseseeseseeseseeeenas 180.1

*will be finalized during strainer bypass testing

3.2 Test Prototype Strainer

A full-scale section of the strainer prototype will be tested in the tank. This assures a 1:1 scaling ratio
for test parameters, e.g. flow rate, tube diameters, and perforated plate hole size which is 3/32 in [5].
The debris quantities for the prototype tests shall be in proportion to the full-scale screen size, and the
flow rate through the prototype will be proportional to the full-scale strainer. The prototype strainer
design is shown in Figure 3-2. The design uses cartridge assemblies to increase the surface area to
any given allowable surface area. For this testing, three cartridges of four tubes each will be used.
The surface area of the prototype is 75.1 ft? [6]. The tubes are attached to a plenum that allows a flow
path from each tube to the pump suction pipe. See Figures 3-3 and 3-4. All materials of the strainer

and plenum are stainless steel.
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Figure 3-2: Strainer Prototype

Figure 3-3: Strainer Prototype in Tank
(Top View)

Figure 3-4: Strainer Prototype in Tank

(Side View)

KEPCO & KHNP
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4. TEST FACILITY

The test facility to be used will have performed strainer testing for US PWRs in the United States.
There are several acceptable test facilities in the US with GSI-191 experience that have been
visited/audited by the USNRC. This will assure that the protocols (debris prep, etc.) used by the
facility for testing meet the USNRC expectations. The facility will contain a 2,500 gallon or greater
tank capable of holding the strainer with adequate room around the test prototype and the capability to

achieve the target flow rate. A schematic of an example facility is shown in Figure 4-1.
The filter cartridges must be attached and sealed against the flow plenum. A return line or sparger
system should be installed to aid in the suspension of the debris within the water. Sufficient

turbulence shall be employed to keep the debris from settling while not disturbing the debris bed.

The data acquisition program must be programmed to match the test parameters. English units will be

displayed and recorded in the test logs and data files.

>4

e Fiow TEST TANK

>

Figure 4-1: Example Tank Piping and Instrumentation Diagram
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41 Test Equipment

The instrumentation available for use must conform to the following specifications and be within the

approved calibration date.

Table 4-1: Required M&TE

Instrument Range Accuracy
Pressure transmitter 0-100 in-water 1 0.25% of span
0 — 300 in-water 1 0.25% of span
Flow meter 90 — 1200 gpm + 2.5% of reading
Thermocouple 32°Fto212°F + 1% of reading
Benchtop chemistry As needed to produce WCAP- Various as required by
equipment 16530-NP chemical precipitates test control

Data Acquisition system, verified prior to testing and after testing

e Real-time analog data acquisition system, allowing continuous display of test parameter
values and trends. Data is sampled at least every two seconds, and averaged over the
previous 10 data points. Test data is recorded for each instrument in a simple spreadsheet

for later analysis.

e The data acquisition system is used to collect time, flow rate, differential pressure, and
temperature data throughout the performance of the tests. This system also allows for the

creation of graphs of the data as well as tables of the raw data.
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5. TEST CONDITIONS

5.1 Hydraulic Conditions
5.1.1 Test Strainer Flow Rate

The maximum post-LOCA recirculation flow rate is 6,660 gpm for a single sump. The IRWST sump
strainer is 500 ft* of effective screen area per train. Given the prototype strainers size of 75.1 ft?, the

prototype strainer target flow rate is the plant flow rate multiplied by the ratio of the strainer areas:

2

500 ft?

6,660 gpm x = 1,000 gpm

5.1.2 Water Temperature and Chemistry

The water temperature at the beginning of testing will between 80 °F and 100 °F. This temperature
will increase during testing as the pump adds energy into the fluid, but the temperature should be
limited to 100 °F. A tank chiller should be utilized to limit the water temperature to 100 °F. Tap
(potable) water shall be used as the testing fluid to ensure the stability of the WCAP-16530-NP

precipitates.

5.1.3 Water Level

The strainers must remain submerged during testing except during vortex formation studies. The

required minimum submergence during head loss testing is 2’-0” (+/- V4 inches).

5.1.4 Turbulence

Sufficient turbulence shall be added into the test tank during testing to preclude settling of debris. The
turbulence must be limited, however, to avoid artificially removing debris from the strainers. The
turbulence can be added via mixing motors or equivalent.

5.2 Debris Conditions

The following section describes the types and quantities of debris to be used for the testing.
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5.21 Epoxy Coatings

Epoxy coatings are considered to be destroyed within the Zone of Influence. Based on the upstream
analysis, the quantity of destroyed coatings is 3.1 ft>. NEI-04-07 [4] estimates the particle size of failed
coatings to be 10 ym on average with a density of 94 Ibs/ ft>. A suitable and common surrogate used
in US testing is silicon carbide (SiC) with a mean particle size of 10 um and material specific gravity of
3.2 which corresponds to a density of 199.5 Ib/ft>.  Silicon Carbide is selected for resistance to
dissolution in the potable water and interaction with other materials (and relative availability). While
the requirement for the characteristic size is 10 ym spheres, the SiC surrogate contains a size
distribution. This is actually quite conservative since it will create a higher packing density (small
spheres fit within the spaces of the larger spheres) and creates more drag and head loss in the debris
bed. The source and measured size distribution of the SiC used in testing shall be provided in the test
report summary. In determining the amount of SiC to add to the test it is important that the volume of

particulates is preserved. Therefore the amount of SiC to be added to the test is:

_ 751 ft?

lbs
mp = Wftz X 3-1ft3 X 1995]‘? = 929lbs

5.2.2 Latent Debris

Latent debris defined as dirt and dust on surfaces inside containment and is comprised of a fibrous
and particulate component. For strainer testing the quantity of latent debris is 200 Ibs, with 185 Ibs of
particulate and 15 Ibs of fiber.

1) Latent Fiber

The latent fiber will be represented by NUKON low density fiberglass which per NEI-04-07 has
an as-fabricated density of 2.4 Ibs/ ft® (see NEI-04-07 SER Appendix VII). The source of the
NUKON used in testing shall be provided in the test report summary. The fiber added to
the tank shall have a size characteristic of fines (Class 1-3) per Attachment B of NUREG/CR-
6224 [7] skewed more favorably toward Classes 1 and 2. A suitable procedure for producing

these fines is presented in Reference [8]. The mass of fiber to be added to the testis:

_ 75.1 ft?

mf _W x 15 lbs = 2.3 lbs

This will produce a conservative debris bed thickness slightly greater than 1/8 in.
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2) Latent Particulate

The NRC (Appendix VII of NEI-04-07) states that a suitable surrogate formulation for latent

particulate is 28 percent mass fraction between 500 ym and 2 mm, a 35 percent mass fraction

between 75 ym and 500 pm and 37 percent mass fraction <75 um. The latent dirt and dust of

the plant will be represented by a blend of silica sand made specifically for head loss testing.
Dirt/Dust PWRII Mix will be the surrogate debris material for the latent dirt/dust, which is a

material blend of silica sand representative of PWR latent dirt/dust for head loss testing. The

size distribution of the silica sand shall be prepared to be consistent with the latent dirt/dust

size distribution provided in Table 5-1.

dirt/dust mix used in testing shall be provided in the test report summary.

Table 5-1: Dirt/Dust Mix Requirements

The source and measured size distribution of the

PWR Mix 2 Sand Type Distiibutions Based on Product Data Sheets Size Classification / Consolidation
Coarse Sand Medium Sand Fine Sand Allocation | PWR 2 NRC
Sand Recipe Mix (Ibs) 8 54 38 Basis (Ibs) Calc Target
<75 microns 98.50% 37.4 37.4% 37% _|Fines
> 500 microns 36.23% 19.6
< 500 microns 3.37% 03 27.3% 28% |Coarse
> 500 but < 2000 microns 96.63% 7.7
Note: Each type of sand has particles in two size ranges 100.0 100.0% | 100.0%
The above recipe will achieve the NRC Targel Sand Class Key Fine Medium | Coarse

Similarly, the mass of latent particulate to be added to the test is:

mlp

5.2.3 Chemical Precipitates

75.1 ft?
500 ft?

x 185 lbs = 27.8 lbs

Based on the design conditions presented in Section 3.1, the following chemical precipitates may be

available in the IRWST sump fluid.
e Calcium Phosphate
e  Sodium Aluminum Silicate

e Aluminum Oxy-hydroxide

0.7 kg
4.3 kg
180.1 kg

KEPCO & KHNP
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Given the relative proportions and since aluminum oxy-hydroxide can be conservatively used to
represent the other precipitates [9], only AIOOH will be used in the test program. The total chemical
precipitate mass of 185.1 kg will be represented by AIOOH.

The chemical precipitate shall be prepared in accordance with the WCAP-16530-NP [9] (in terms of
settling rates) and batched into the test tank in pre-defined quantities to collect the head loss data
required by the test program. This precipitate suspension must have a calculated concentration of 11
g precipitate/L of water. The chemical precipitate settling shall be measured within 24 hours of the
time the precipitate will be used and the 1-hour settled volume of 10 mL solution shall be 6.0 ml or

greater and within 1.5 ml of the freshly prepared precipitate.

Chemical precipitates shall be used within one week of manufacturing. The volume of prepared
AIOOH surrogate for the test are as follows:

_TSAf esik L Loa
AlOOH = TG0 ft? x LG X .011kg X 3.785L

= 667.8 gal

This is a significant amount of chemical precipitates. However, it is anticipated that the test will not
need this much precipitate due to the fact that either 1) the debris bed will not cover the entire strainer
uniformly by design and/or 2) the head loss will reach a maximum and adding more precipitate will not
cause any further increase in head loss. The test protocol will make provisions for either of these

cases.

Table 5-2: Debris Load Summary

APR1400 Strainer Test Strainer
Strainer Surface Area 500 ﬂ2 75.1 ft2
Coatings 3.1 ° 929" Ibs
Latent particulate 185 Ibs 27.8 Ibs
Latent fiber 15 Ibs 2.3 Ibs
Chemical load 180.1 kg 667.8 gal

1 mass of SiC surrogate.
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6. TEST PERFORMANCE

All personnel working on the test (engineers, technicians, chemists, managers) must be trained to the
applicable test procedures of the laboratory. At a minimum, this includes the Test Procedure, Lab
Safety Procedure, Debris Preparation Procedures, Tank Operation Procedures including the operation
of M&TE, and the laboratory Project Plan.

6.1 Test Procedures

All testing actions will be governed by an approved Test Procedure to be developed by the testing
vendor. The test-specific procedure provides the instruction for performing the required test steps,
and the associated signatures provide documentation for the performance and witnessing of critical
steps. This test procedure shall also provide for a test log, which is used to document significant
points during the performance of the test. Actions that affect the testing environment (debris additions,
flow adjustments, stirring, etc.) shall be noted in the Test Log by a trained Test Engineer. Visual

observations should also be noted. All documentation in the test log shall be legible.

The test vendor shall develop generic test procedures for debris preparation, fill and start-up testing
including M&TE installation and verification, tank cleaning, lab safety, nonconformance/deviations, and

head loss testing.

6.2 Debris Preparation

The debris batches shall be prepared according to the Test Matrix. The NUKON LDFG shall be
processed using an approved laboratory procedure that prepares the insulation into fine debris (see
Reference [8]). This procedure produces the required size distribution and fiber fines that are easily
transportable and readily disperse in the testing medium. At a minimum, the insulation must be
shredded and beaten into a thin slurry to produce the industry standard “fines” testing size distribution.
Samples shall be taken and photographed to document the extent of fiber destruction. SiC and
dirt/dust mix can be weighed out in dry form and do not require further preparation. Before introduction,
water shall be carefully added into the buckets and mixed lightly to suspend the particulate and ease

pouring. The recommended ratio is 10 Ibs of particulate to 3 gallons of water.

The chemical precipitate batches must be prepared per the test matrix and an approved laboratory
procedure that follows standard industry guidance on the formation of chemical debris in a separate
tank. Once settling criteria are met, the precipitate does not need further preparation and can be

slowly poured or pumped into the tank per the Test Matrix.
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6.3 Test Operation

Vortexing

Water Level

Flow Rate

Debris Add

Progression

During testing, visual observations are required to ensure that no significant vortices
form (See Appendix A). Vortex and/or swirl up to and including a Type 4 are
considered acceptable. A significant vortex is defined as a Type 5 or a Type 6 vortex.
Observations and photographs will also be recorded of any debris settling and abnormal
loading of the prototype strainers. A vortex suppressor (floor grating or equivalent)
may be installed for Type 5 or 6 vortices. The customer and test coordinator will be

notified in the event of Type 5 or 6 vortices and the installation of a vortex suppressor.

Water level will be recorded during testing and increase with each debris addition.

If the test tank becomes nearly full, test tank water may be removed to mix with the
next debris addition, and re-introduced into the test tank. This will prevent tank
overflow with subsequent debris additions. Furthermore, tank volume must be left
over for the additions of the chemical precipitates, which cannot be mixed with the test

tank water prior to addition.

The flow rate of the system must be maintained at +10 gpm of the prescribed value.
If the flow drifts beyond this range, a note must be logged, and the flow rate must be

adjusted.

All debris will be added directly over a high-turbulence area. These areas will have
maximum relative turbulence and will allow for debris reaching the strainer from all
sides. The debris must be added in a controlled manner as to not disturb the debris

bed through unnecessary turbulence.

The entire particulate debris load will be added at once for the test. The debris load
will be measured into buckets and mixed with water (tap or from the test tank) via an
electric paint mixer until a slurry is prepared. Then, the fiber batches will be added
incrementally per the test matrix. After all non-chemical debris are added, the
chemical precipitate debris will be added. The chemical precipitates will first be mixed
via an electric mixer or shaken and then will be added slowly into the tank, not

exceeding approximately 10 gallons per minute.
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Photos/Notes

6.4

The fiber and chemical debris loads may be adjusted at the discretion of the customer
and test coordinator. If the stabilized head loss is marginally less than the limiting
head loss at the test temperature (19 ft-water, see Section 6.6), the next
(non)chemical load may be decreased in order to enable an additional chemical load
without exceeding the given head loss limit. This option allows smaller chemical load
increments towards the end of the test to facilitate determination of the maximum
allowable chemical load. These adjustments shall clearly be noted in the test log if

exercised.

Photographs shall be taken at the end of each subtest if water condition allows.
These photographs should show how the bed is forming onto the strainers and also
document any settled debris. Notes shall be taken in the Test Log of all testing
actions and observations, which shall include the test parameters (flow rate, dp across
strainer, water temperature, turbidity, etc.) of that instant and the time. If actions
continue beyond a small amount of time, the beginning and end of the action should

be noted.

Data Acquisition

Electronic data acquisition must be controlled per the laboratory procedure as safety related. All test

parameters must be recorded at least every 2 seconds and stored electronically in a tab delimited or

Microsoft Excel file. This test data will be used in the Strainer Qualification report and does not require

conditioning or filtering prior to that. During on-site storage, the test data shall be backed-up onto a

local server or hard drive to prevent loss.
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6.5 Test Matrix

The following sections describe in detail how to conduct each test.

These test matrices are to be

followed in order to accomplish the test plan objective. Any deviation from the given plans must be

noted and rationalized in the test logs. See Section 6.6 and 7.0 for Stability and Termination Criteria.

6.5.1 Test #0 — Clean Screen Flow Sweep

With the tank filled to the appropriate water level at temperature, set the flow rate to the value and

allow stability to be achieved (3 minutes). Record a data point before changing to the next flow rate.

The final step consists of setting the flow at the target test flow rate.

Table 6-1: Clean Screen Flow Sweep Steps

Flow Sweep Step Scaled Test Tank Flow (gpm)
Step 1 (Target Test Flow) 1000
Step2 740
Step 3 660
Step 4 575
Step 5 495
Step 6 660
Step 7 (Target Test Flow) 1000

KEPCO & KHNP
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6.5.2 Test #1 — Maximum Debris Design Loading

Table 6-2: Test Matrix for Test #1

Flow Rate Latent Fiber Dirt/_Dust Coa'tings AIOO Nominal Bed
Subtest (gpm) Fines (Ibm) Particulat Particulat H Th|c}<ness
e (Ibm) e (Ibm) (gal) (in)
P.1 1000 0 27.8 92.9 0 0
F.1 1000 1.15 0 0 0 1/16
F.2 1000 1.15 0 0 0 1/8
C.1 1000 0 0 0 50 1/8
C.2 1000 0 0 0 501 1/8
C.3 1000 0 0 0 501 1/8
C4 1000 0 0 0 TBD1 1/8
VA 834 Upon completion of the debris load testing the water level shall be
reduced to 2.0 ft to check for vortexing.
Flow reduction in 100 gpm increments shall be performed to obtain
s Variable pressure drop vs head loss data. The§e f!ow reductions can continue
down to termination.

Note 1: The maximum amount of chemical precipitate is 667.8 gallons.

outcomes from this test at this point.

Outcome 1:

Outcome 2:

There are two potential

The addition of chemical precipitates do not produce any additional head loss, or

cause the head loss to decrease. In which case as soon as the stabilization criteria

is met or a peak is identified, the test may progress to the flow sweeps and

termination without the full load of chemicals.

The chemical precipitates continue to increase the head loss as each batch is

added and reach the limit of the system defined as 19 ft-water. In this case, the test

should be secured at a steady state at an acceptable or reduced flow and the client

will be notified on how to proceed.

KEPCO & KHNP
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6.6 Test Durations and Stability

Clean Screen Flow Sweep — The clean strainer head loss is measured at the flow rates given in Table

P (Particulate Addition) —

F (Fiber Addition) —

C (Chemical Additions) —

V (Vortexing) —

FS (Flow Sweep) —

6-1. Each pointis held for a minimum of 3 minutes.

The entire particulate debris load shall be added according to Table 6-2.
The flow rate shall be maintained at 1000 gpm for a minimum of 2 pool

turnovers (PTO), based on tank volume.

The fiber debris batches shall be added according to Table 6-2. The
flow rate shall be maintained at 1000 gpm for at least 10 PTO and a

change in head loss less than 1% over a one-hour period.

The chemical debris batches shall be added according to Table 6-2.
The flow rate shall be maintained at 1000 gpm for at least 10 PTO and

a change in head loss less than 1% over a one-hour period.

The flow rate at the required water level will be held for a minimum of 1
PTO.

The strainer head loss is measured at the reduced flow rates
(decrements of 100 gpm) until the flow is stopped. Each point is held

for a minimum of 2 PTO.

After the final flow sweep and required laboratory test completion procedures are fulfilled, the pump

may be secured off, and Test #1 is complete.

KEPCO & KHNP
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7. TEST TERMINATION

In accordance with the test objective, the acceptance criterion for this testing is to successfully collect

and record the specified test data.

Maximum Head Loss Limit — To prevent structural failure to the prototype or tank system, a head loss
limit of 19 ft-water (10 psi x 80%) will be imposed during testing. If the head loss approaches this value,
the test coordinator and customer must convene to decide the new flow rate of the system to maintain
test continuance. The test vendor shall notify Customer of the hard limit of the test facility at which the
flow must be reduced. Should the flow ever achieve this hard limit and the test operator require action,
the flow should be reduced to maintain the flow at an acceptably high head loss, but less than the hard
limit while Customer and test vendor determine new target flow rate. Under no circumstances should

the test be aborted due to reaching a head loss limit unless a lower flow cannot be maintained.

7.1 Testing Stabilization Criteria

The head loss measurements for each test will be recorded and monitored continuously throughout
the test. There are several stabilization points throughout each test that require different levels of
stability as given in Sections 6.6. The test engineer and test coordinator must agree upon the
fulfillment each Subtest criterion before continuing to the next Subtest.

Furthermore, a note must be logged explaining why the Subtest is complete. Note that pool turnover

times are based on water level and flow rate, and they must be calculated separately for each Subtest.

7.2 Atypical Head Loss Stability

In some cases, the head loss will stabilize atypically, or the head loss will be too low to calculate a 1%
change. In these cases, the time period may be shortened or lengthened depending on test
coordinator direction and client input. Whenever the head loss is declared as stable, a detailed note
must be written on the test log that describes why the head loss was declared as stable before the
next Subtest is initiated. If the above guidelines are modified, a more detailed note must be given in
the test log that explains how and why the Subtest was declared as stable.
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8. TEST DOCUMENTATION AND RECORDS

The Test Procedure shall provide the documentation for performing the required test steps and the
associated signatures for the performance and witnessing of critical steps. The Test Procedure also
provides for a test log, which is used to document significant points during the performance of the test.

Test procedures shall be submitted to Customer for review and approval prior to testing.

The data acquisition system is used to collect flow rate, differential pressure, turbidity, and
temperature data throughout the performance of the tests. This system also allows for the creation of
graphs of the data as well as tables of the raw data. The electronic file of the raw data shall be

provided to Customer on CD along with the final Test Report.

After testing is completed, a Test Report Summary document shall be prepared that contains the Test
Logs, Test Data, Observations, and other pertinent information regarding the conduction of the tests.

The following is table of contents for the Test Report that would be acceptable.

Introduction

Test Facility Description
Test Prototype

Debris Description

Test Procedure Summary
Debris Preparation
Test Setup

Test Initiation

Debris Addition

Test Termination

o~ wDd -

Post Test Observations

@m0 a0 oo

. Test Discrepancies and Nonconformance
6. Results of Testing

7. Quality Assurance

8. References

Appendix 1 — Test Log Sheets
Appendix 2 — Calibration Data Sheets
Appendix 3 — Material Data Sheets

KEPCO & KHNP 21



KEPCO & KHNP APR1400 Design Features to Address GSI-191 APR1400-E-N-NR-13001-NP, Rev.0

9. QUALITY ASSURANCE REQUIREMENTS

This Test Plan is developed in accordance with Structural Integrity Associates Corporation’s Quality
Assurance Program and Procedures. The Test Procedure and subsequent qualification testing shall
be conducted in accordance with an approved Quality Assurance Program that meets the
requirements of 10 CFR 50 Appendix B. The results of the testing will be used in nuclear safety-

related qualification documents.

9.1 Nonconformance, Corrective Action and Defects

Any nonconformance that arises during the test program shall be brought to the attention of the
Customer Project Manager or his designee. In case of nonconformances affecting the test output, the

test vendor shall notify Customer immediately and obtain their review and approval of the disposition.

9.2 Measuring and Test Equipment

M&TE used during testing must be within its valid operational range and calibration date. Certificates
of conformance and calibration data must be available during testing. The data acquisition system
and instrumentation must be verified to standards or some other method of checking prior to and after
testing.

9.3 Lab Procedures

Lab procedures used during testing must be the most recent revision of each and each personnel
working on the test must be fully trained and qualified to any procedures he or she is working to.

Training logs to lab procedures and applicable project plans must available during testing.
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Appendix A: Vortex Strength Scale
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Ref: Rindels and Gulliver, An Experimental Study of Critical Submergence to Avoid Free- Surface

Vortices at Vertical Intakes, University of Minnesota, June 1983.
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1. BACKGROUND

The APR1400 has four (4) ECCS/CSS trains with an independent 600 ft? strainer for each train for a
total of 2400 ft>. The strainer size is currently an assumption, and this test program is part of the
validation process. The design requires a minimum of three trains in operation (1800 ft?) assuming one
train with a single failure. The strainers prevent debris from being ingested into the Safety Injection
(SIS) and Containment Spray systems (CSS) in the event of a loss-of-coolant-accident (LOCA) and are
located within the In-containment Refueling Water Storage Tank (IRWST).

The design and evaluation methods for the strainer performance are in accordance with the latest
revision of Regulatory Guide 1.82, Rev.4 [1]. If a Loss-of-Coolant-Accident (LOCA) inside the reactor
building were to occur, it could generate debris that, if transported to and deposited on the recirculation
sump screens, could result in some debris passing through the strainers which could challenge long
term core cooling (LTCC). Specifically, this bypassed debris may have the potential to clog

downstream components, including the fuel grids.

KEPCO & KHNP 1



KEPCO & KHNP APR1400 Design Features to Address GSI-191 APR1400-E-N-NR-13001-NP, Rev.0

2. TEST APPROACH

The purpose of this test plan is to measure fiber bypass data to determine what quantity of fiber can
pass through the plant ECCS strainers. The bypassed fiber will be analyzed after testing to
characterize the fiber that could be transported downstream of the strainers. Results of this testing will
provide fiber bypass quantities and characteristics that may be used for the recirculation sump strainer
evaluation and post-LOCA LTCC analysis.

This test plan is designed to be consistent with the testing guidance provided in NRC Staff Review
Guidance Regarding Generic Letter 2004-02 Closure in the Area of Strainer Head Loss and Vortexing
dated March 2008 [2] and NEI 04-07 [3], [4].

3. TEST OBJECTIVE

The objective of bypass testing is to measure the quantity of fiber that passes through a prototype
ECCS suction strainer under representative post-LOCA conditions. Particulate and chemical debris will
not be tested since the particle sizes of these debris types are much smaller than the perforated plate
hole size (3/32 in) [5]. They are assumed to pass through the plant strainer, which could confound the
fiber bypass test results. The bypass test will collect and record fiber bypass data for each added fiber
batch to measure the total quantity of bypass (in terms of g/ft?) for the strainer as well as the quantity of
bypass for each bed thickness tested. Due to the increase of the fiber bed filtration efficiency with bed
thickness, the fiber bypass rate will decrease to zero as the fiber bed forms. The test will be run at
plant-equivalent approach velocity and use the maximum quantity of fiber. Fiber captured during
testing will be collected for subsequent fiber characterization and scanning electron microscope (SEM)

analysis.

31 Test Description

A prototype section of the strainer will be connected to a test loop and installed in a test tank with
sufficient volume to allow circulation of water and debris around the prototype. The flow rate through
the test loop and strainer is calculated based on the plant strainer and flow rate scaled to the prototype
strainer size. Fiber bypass is conservatively maximized during testing through the addition of very
small fiber quantities to the test tank to allow the fiber-only debris bed to gradually accumulate on the
prototype strainer. This slow bed growth will maximize fiber bypass and allow for many data points of

the filter bypass vs bed thickness curve, and will clearly demonstrate the reduction of fiber bypass
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quantity as the bed thickness increases.

Fiber that passes through the strainer shall be captured in a fine mesh filter and not allowed to return to
the tank. Each fiber addition will have corresponding filter bags that reveal how much fiber bypassed
for that particular addition. After all debris had been added and has reached the strainer, the sum of

the filter bags will equal the amount of bypass associated with the prototype screen area.

3.2 Test Acceptance

The test is complete and acceptable when all fiber of the test matrix has been added onto the strainer

and all fiber bypass from the strainer and has been collected and measured.
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4, TEST ARTICLE

41 IRWST Sump Strainer Design

The IRWST sump strainer (Figure 4-2) will fit over the existing sump pits. There are four (4) IRWST

sump strainers, each with a minimum of 600 ft? for a total of 2400 ft2.

SIP (1235 gpm) | -
CSP (5425 gpm)

SIP (1235 gpm)
CSP (5425 gpm)

Figure 4-1: ECCS Flow Distribution

SIP (1235 gpm)
SCP (5425 gpm)

SIP (1235 gpm)
SCP (5425 gpm)

KEPCO & KHNP



KEPCO & KHNP APR1400 Design Features to Address GSI-191 APR1400-E-N-NR-13001-NP, Rev.0

Figure 4-2: Plant Recirculation Sump Strainer

4.2 Test Prototype Strainer

A full-scale prototype section of the strainer will be tested in the tank. This assures a 1:1 scaling ratio
for test parameters, e.g. flow rate, tube diameters, and perforated plate hole size which is 3/32 in [5].
The debris quantities for the prototype tests shall be in proportion to the full-scale strainer size, and the

flow rate through the prototype will be proportional to the full-scale strainer.

The prototype strainer design is shown in Figure 4-3 through Figure 4-5. The design uses cartridge
assemblies to increase the surface area to any given allowable surface area. For this test program,
three cartridges of four tubes each will be used. The surface area of this configuration is 75.1 ft* [6].
The tubes are attached to a plenum that allows a flow path from each tube to the pump suction pipe.

All materials of the strainer and plenum are stainless steel.

KEPCO & KHNP 5
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Figure 4-3: Strainer Prototype Figure 4-4: Strainer Prototype in Tank, Top View

Figure 4-5: Strainer Prototype in a Tank

4.3 Test Boundary Conditions

The prototype strainer represents any given section of the plant strainer. Adjacent strainers to the
represented section do not need to be represented by walls during testing because the volume of
debris is not expected to fill the interstitial volume of the strainer since the debris bed is only 1/32 in
thick (See Section 6.2 and [6]) and the strainer cylinders are ~2 in apart. Since the volume of fiber is
less than the volume available for debris, simulating adjacent strainers around the perimeter of the
prototype is unnecessary.
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5. TEST FACILITY

The facility must contain a tank capable of holding the strainer and 2 ft of submergence with adequate
room around the test prototype for natural debris accumulation and a pump with the capability to
achieve an 834 gpm flow rate with the head loss corresponding to a debris-laden strainer. Visibility of
the tank and strainer is critical to determine when all the fiber of each addition has accumulated on the

strainer. A filter housing system must be installed downstream of the strainer to capture fiber bypass.

The strainer cartridges must be attached and sealed against the flow plenum. A sparger system should
be installed on the return line to aid in the suspension of the debris within the water. The sparger is
installed to maximize debris suspension in the tank. In addition to the sparger, mechanical mixers may

be required to keep the debris from settling.
Adequate fiber preparation equipment is necessary to destroy low-density fiberglass blankets into the

fiber fines as described in NUREG/CR-6808 [7], Classes 1-3 of Figure 5-2. A suitable procedure for

producing these fines is presented in Reference [8].

5.1 Test Equipment

The instrumentation available for use must conform to the following specifications and be within the

approved calibration date.

Table 5-1: Required M&TE

Scale 0-151bs. 0.2 Ibs readability

Balance 0-600g 0.01 g readability
Differential pressure transmitter As needed to assure filter bags do not fail

Flow meter 270 -900 gpm 1 2.5% of reading
Thermocouple 32°F-212°F +2°F

A real-time analog data acquisition system is required that allows continuous display of test parameter
values (time, flow rate, differential pressure of filter bags, and temperature) and trends. System must
be verified prior to and after testing. Data is sampled at least every two seconds. Test data is recorded

for each instrument in a simple spreadsheet for later analysis.
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The filter housing system used for testing must be installed downstream of the strainer and allow for on-
the-fly switching of housings to allow for continuous testing and swapping of filter bags. When switching
filters, one set of filters will closed as the other is opened. This must be completed with very little
variation in flow rate to preclude bed deformation due to lack of flow. The filters must have a maximum

5-micron hole size to ensure capture of the 7 micron diameter LDFG fines.

5.2 Test Hydraulic Conditions

5.2.1 Strainer Flow Rate

There are four independent 600 ft2 ECCS strainer trains in the APR1400, and the conservative scenario
for bypass is that all pumps are operating as designed and no single failure. Shutdown cooling (SDC)
is not operational at this time.

Table 5-2: Lineup A: LOCA without Single Failure

Strainer Pumps Flow Rate (gpm)
1 SIP+CSP 6660
2 SIP+CSP 6660
3 SIP 1235
4 SIP 1235
Total 15,790

Since strainer approach velocity increases with flow rate, and fiber bypass increases with approach
velocity, it is conservative to conduct the fiber bypass test(s) at the scaled maximum strainer flow rate

and associated approach velocity.

The maximum post-LOCA recirculation flow rate is 6,660 gpm [9]. The IRWST sump strainer is 600 ft?
of strainer area per train. Given the prototype strainers size of 75.1 ft?, the prototype strainer flow rate is

the plant flow rate multiplied by the ratio of the strainer areas:

75.1ft?

6,660 gpmXx Wftz

= 834 gpm
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5.2.2 Water Temperature and Chemistry
The water temperature at the beginning of testing will between 60 °F and 80 °F. This temperature may
increase during testing as the pump adds energy into the fluid, but the temperature should be limited to

100 °F. A tank chiller should be utilized to limit the water temperature to 100 °F.

Clean tap water may be used as the testing fluid. pH and turbidity are not required to be controlled or

monitored.

5.2.3 Water Level

The required minimum submergence during testing is 2 ft (+/- 2 inches).

5.2.4 Turbulence

Sufficient turbulence shall be added into the test tank during testing to preclude settling of debris. The
turbulence must be limited, however, to avoid artificially removing debris from the strainers. The

turbulence can be added via mixing motors or pump discharge.
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6. DEBRIS LOADING

The design fiber debris load of the strainer specification will be tested using surrogate material as
recommended in NEI 04-07 ([3], [4]) and scaled based on strainer area. Particulate and chemical

debris will not be tested.

6.1 Fiberglass

NUKON® LDFG shall be used to represent the latent fiber. The density of NUKON is 2.4 Ibs/ft® (38
kg/m3) and the fiber diameter is 7 microns [7]. The source of the NUKON used in testing shall be
provided in the test report summary. The fiber added to the tank shall have a size characteristic of fines
(Class 1-3) per NUREG/CR-6808 [7]. A suitable procedure for producing these fines is presented in
Reference [8].

6.2 Calculation of Debris Quantities

The test will measure the bypass of the maximum fiber load of 15.0 Ibm [9], which is an assumption
made in this test program. LDFG batches will be tested at a size distribution of 100 percent fines to
maximize bypass. Since all four strainers could be active, the debris load will be distributed to each of
the strainers based on flow rate. Therefore, two of the strainers will get (6,660 gpm / 15,790 gpm) x 15
Ibs, or 6.33 Ibs of debris and two of the strainers will get (1,235 gpm / 15,790 gpm) x 15 Ibs, or 1.17 Ibs
of debris. Since only the higher flow rate strainers will be tested, the following batches of debris will be
added to the test:

Mass of latent fiber: 15 Ibs

Prototype Area: 75.1 ft2

Max. distributed fiber on one strainer: 6.33 lbs

Fiber load 6.331bs x 221 _ 079 1bs
600 ft2

Density of NUKON 2.4 |bs/ t3

Equivalent Bed Thickness 0.79 Ibs x —© L 220 _0053in
2.4 1bs 75.1 ft2 1ft

In order to measure the bypass performance of the test strainer over a range fiber thicknesses, four
batches of 0.40 Ibm (0.0265 in equivalent thickness) will be added.
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7. TEST PERFORMANCE

All personnel working on the test (engineers, technicians, chemists, managers) must be trained to the

test plan and applicable test procedures of the laboratory.

71 Test Procedures

All testing actions will be governed by an approved Test Procedure to be developed by the testing
vendor. The test-specific procedure provides the instruction for performing the required test steps, and

the associated signatures provide documentation for the performance and witnessing of critical steps.

This test procedure shall also provide for a test log, which is used to document significant points during
the performance of the test. Actions that affect the testing environment (debris additions, flow
adjustments, stirring, etc.) shall be noted in the Test Log by a trained Test Engineer. Visual

observations should also be noted. All documentation in the test log shall be clearly legible.

The test vendor shall develop generic test procedures for debris preparation, fill and start-up testing
including M&TE installation and verification, tank cleaning, lab safety, nonconformance/deviations, and

bypass testing.

7.2 Debris Preparation

The debris batches shall be prepared according to the Test Matrix. The NUKON LDFG shall conform to
an approved laboratory procedure that prepares the insulation into fine debris. Samples shall be taken

and photographed to document the extent of fiber destruction.

7.3 Test Operation

Vortexing During testing, visual observations are required to ensure that no significant vortices

form.

Water Level Water level will be recorded during testing and increase with each debris addition. |If
the test tank becomes nearly full, test tank water may be removed to mix with the next
debris addition, and re-introduced into the test tank. This will prevent tank overflow

with subsequent debris additions.
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Flow Rate

Debris Add

Progression

Stabilization

Photos/Notes

The flow rate of the system must be maintained at £20 gpm of the prescribed value. If
the flow drifts beyond this range, a note must be logged, and the flow rate must be
adjusted.

All debris will be added directly over a high-turbulence area away from the strainer.
These areas will have maximum relative turbulence and will allow for debris reaching
the strainer from all sides. The debris must be added in a controlled manner as to

not disturb the debris bed through unnecessary turbulence.
After the flow rate is set, fiber batches will be added incrementally per the test matrix.

The fiber debris loads may be adjusted at the discretion of the customer and test
coordinator. If the fiber is clearly covering the entire strainer, then subsequent debris
loads may be combined because further fiber bypass is unexpected. These

adjustments shall be clearly noted in the test log if exercised.

Each fiber batch must be allowed 2 pool turnovers after all fiber has reached strainer
(a minimum of 7 pool turnovers between each batch).

Photographs shall be taken at the end of each step. These photographs should show
how the bed is forming onto the strainers and also document any settled debris.

Notes shall be taken in the Test Log of all testing actions and observations, which shall
include the test parameters (flow rate, dP, water temperature, etc.) of that instant and
the time. If actions continue beyond a small amount of time, the beginning and end of

the action should be noted.

7.4 Test Matrix

The following test matrix is to be followed in order to accomplish the test plan objective. Any deviation

from the given plans must be noted and rationalized in the test logs.
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Table 7-1: Fiber Bypass Test Matrix

Install the prototype strainer into the test
0 tank and clean, pre-weighed filters into
housings

Fill loop with water, allowing room for water

additions
2 Pre-filter the water in the tank
3 Set flow rates Strainer 834 gpm
4 Heat water to at least 60 °F; check
instrumentation and debris preparation
5 Begin test with Control Filters 3PTO
6 Swap out filters
2 PTO after
i i complete transport
7 Add fiber fines batch NUKON 0.40 Ibm (min. 7 PTO
between batches)
8 Swap out filters
2 PTO after
9 Repeat 7 and 8 until four batches have NUKON 0.40 Ibm complete transport
been added. per batch (min. 7 PTO
between batches)

0. Install the prototype strainer into a clean tank ensuring no gaps greater than 3/32 in exist. Install
clean, dried filter bags into the inline filter housings.

1. Fill the system with water, allowing room for subsequent debris additions. Cover the tank to

eliminate foreign debris contamination.

2. With the pump at a high flow rate, pre-filter the water in the tank sufficiently such that any debris or
particulates in water are removed prior to testing. A recommendation of 10 PTO is a minimum. Then,

install clean, pre-weighed filters to use for testing.

3. Align the control valves to allow flow through the strainer, through the pump, through the filter

housings, and back into the tank. Turn on the pump and set the flow rate according to Table 7-1.
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4. Turn on the heating system if necessary and raise the fluid temperature to at least 60 °F. As the
water is heating, the instrumentation and data acquisition system shall be verified. The debris

quantities of the Test Matrix will also be verified as available.

5. With clean, pre-weighed filters installed and the flow rate set as described above, run the system
without debris for 3 PTO. This allows the Control Filters to capture any particulates that may affect

all filter bags during the test.

6. The filter system must be swapped to new, clean and pre-weighed filters. The used filters should

be removed and processed for drying and mass gain measuring.

7. The fibrous fines debris load of Table 7-1 shall be slowly added as a slurry. Then, allow for 2 PTO
after all fiber has been visually verified on the strainer (allow a minimum of 7 PTO between
batches).

8. The filter system must be swapped to new, clean and pre-weighed filters. Filter swap should be
conducted so that flow is maintained and the debris bed is not disturbed. The used filters should be
removed and processed for drying and fiber mass gain measuring.

9. Repeat Steps 7 and 8 three additional times to add four total batches of 0.79 Ib each.

After testing is complete, the tank shall be drained and thoroughly cleaned per laboratory procedures.
Bed samples may be taken for future analysis. The filter bags removed from testing will be dried to the
same controlled conditions as during preparation. After the dried weight maintains consistently (for
examples, less than 0.08 g change in three consecutive measurements over 2 hours in controlled
conditions), the mass gain in the bags will be evaluated as the mass of fiber bypass. The total mass
gained by all bags will yield the total bypass quantity for the prototype strainer surface area. Fibers
may be removed from the bags after weighing for microscopic analyses. The bags must be retained

after testing for potential post-testing SEM analysis.
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8. TEST DOCUMENTATION AND RECORDS

The Test Procedure shall provide the documentation for performing the required test steps and the
associated signatures for the performance and witnessing of critical steps. The Test Procedure also
provides for a test log, which is used to document significant points during the performance of the test.

Test procedures shall be submitted to KEPCO for review and approval prior to testing.

The data acquisition system is used to collect flow rate, differential pressure, and temperature data
throughout the performance of the tests. This system must allow for the creation of graphs of the data
as well as tables of the raw data. The electronic file of the raw data shall be provided to KEPCO on CD

along with the final Test Report.

After testing is completed, a Test Report Summary document shall be prepared that contains the Test
Logs, Test Data, Observations, and other pertinent information regarding the conduction of the tests.

The following is table of contents for the Test Report that would be acceptable.

Introduction

Test Facility Description
Test Prototype

Debris Description

M S

Test Procedure Summary
Debris Preparation
Test Setup

Test Initiation

Debris Addition

Test Termination

Post Test Observations

I N -

Test Discrepancies and Nonconformance
6. Results of Testing

Quality Assurance
8. References

Appendix 1 - Test Log Sheets

Appendix 2 - Calibration Data heets
Appendix 3 - Material Data Sheets
Appendix 4 - Raw Data in Digital Format
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9. QUALITY ASSURANCE REQUIREMENTS

This Test Plan is developed in accordance with Structural Integrity Associates’ Quality Assurance
Program and Procedures. The Test Procedure and subsequent qualification testing shall be conducted
in accordance with an approved Quality Assurance Program that meets the requirements of 10 CFR 50

Appendix B. The results of the testing will be used in nuclear safety-related qualification documents.

9.1 Nonconformance, Corrective Action and Defects

Any nonconformance that arises during the test program shall be brought to the attention of the Si
Project Manager or his designee. In case of nonconformance affecting the test output, the test vendor

shall notify S| immediately and obtain their review and approval of the disposition.

9.2 Measuring and Test Equipment

M&TE used during testing must be within its valid calibration range and date. Certificates of
conformance and calibration data must be available during testing. The data acquisition system and
instrumentation must be verified to standards or some other method of checking prior to and after

testing.

9.3 Lab Procedures

Lab procedures used during testing must be the most recent revision of each and each personnel
working on the test must be fully trained and qualified to any procedures he or she is working to

Training logs to lab procedures and applicable project plans must available during testing.
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1 INTRODUCTION

If a loss of coolant accident (LOCA) were to occur, it is postulated that this LOCA could generate and
transport debris to the Emergency Core Cooling Suction (ECCS) strainer. The debris that could
accumulate on the strainer may form a debris bed and increase the head los across the strainer. The
purpose of these tests is to develop data to validate the IRWST strainer performance using
conservative assumptions. Flow sweeps were also conducted to adjust the head loss over the range
of fluid temperatures required for the strainer operation. Acceptance evaluation will be performed

separately from this report.

The tests were conducted following test plans [1, 2] developed by Structural Integrity Associates. The
principal difference between the tests was that the first test was based on a plant strainer area of 600 ft?

and the second test was based on a strainer area of 500 ft2, 100ft* was assumed blocked by tags [1, 2].

2 TEST FACILITY DESCRIPTION

21 Flow Loop

The test facility consists of an approximately 15 ft (4.5 m) diameter tank that is 7 ft (2.1 m) deep. The
flow returns into the tank from a 6 inch pipe with a tee that is pointed at the floor in the center of the tank.
The exit of the tee is approximately 2 in (0.05 m) above the floor so that the return flow sweeps along
the floor then up the tank walls to help suspend debris. The tank can hold approximately 9500 gallons

of water.

The test strainer is located next to the return pipe with the strainer plenum mounted 6 in (0.15 m) above
the tank floor. The top of the strainer elements are 46-3/4 in (1.2 m) above the tank floor. Six agitators
(trolling motors) are located at approximately every 60 degrees at an approximately 12 ft (3.7 m)

diameter (see Figure 2-1).

The suction pipe is attached to the strainer and runs to the Godwin CD150M pump. The discharge of
the pump goes to a flow meter, flow control valve, and then back into the tank (see photographs in

Figure 2-2 and a schematic in Figure 2-3).
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Figure 2-1 Photograph of strainer in test tank

Flow rate can be controlled by a combination of a variable frequency drive (VFD) that drives the pump,
the gate valve, or a bypass line which provides a short circuit path between the suction and discharge of

the pump. Typically, the VFD is used to control the flow rate during a test, unless very low flow rates

need to be achieved.
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Figure 2-2 Pump on left, data acquisition flow meter and DP cells on right

Flow control valve okg—o{ Flow
meter
Agitator
Straingr
. | |
Pump
DP DP
Tank

Figure 2-3 Flow schematic of test setup
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2.2 Instrumentation

Head loss across the strainer was measured by two independent Rosemount model 1151 differential
pressure transducers. One transducer was scaled to 0-100 in of water and the second was scaled to 0-
300 in of water. These transducers were calibrated to +/-0.125% of their range. The low side of the
differential pressure transducer was connected to the pressure tap on the strainer plenum and the high

side of the pressure transducers was connected to a tap on the tank wall.

Flow rate was measured by a six-inch Omega model MG1000 electromagnetic flow meter. The flow
meter was installed on the discharge side of the pump more than 50 diameters upstream of the pump
with a straight section of pipe upstream and downstream of the flow meter. A flow control valve was

installed downstream of the straight section of piping.

Water temperature was measured with a type T thermocouple installed in the tank near the water

surface. The thermocouple was connected to an Omega DP-41 TC-A process meter.

All of these instruments were connected to a Dataq DI-220 data acquisition system running LSP60
software. This software records data every two seconds to disk in tab delimited format in engineering
units. The software also provides plotting and digital displays of all of the instrumentation being

recorded.
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3 TEST PROTOTYPE

A prototype Transco strainer was tested (see Figure 2-1 and Figure 3-1). The strainer consists of three
strainer cartridges each with four tubes bolted to a plenum that allows a flow path from each tube to the
pump suction pipe. The three cartridges were labelled as C4570-004, C4570-005, and C4570-006.
The surface area of this configuration is 75.1 ft* with perforated plate hole size of 3/32 in [1]. The

plenum was mounted six (6) in (0.15 m) above the tank floor.

-

Figure 3-1 Drawing of the test strainer
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4 DEBRIS DESCRIPTION

Four types of debris were used in the test. Aged Nukon fiberglass was prepared as fines to simulate
latent fiber, silicon carbide to simulate epoxy paint, sand mixture to simulate latent particulate, and

aluminum oxy-hydroxide to simulate chemical debris [1,2].

41 Latent Fiber

For this test fiber, fines were tested to simulate latent debris. Fiber was prepared from aged Nukon
fiberglass. The fiberglass was obtained heat treated from Performance Contracting Inc. lot number J-
006-12HT*LN-1840. The heat treating process followed PCI procedure DPP-01 which heated one side
of the insulation on a hot plate at 300 °C for 6 to 8 hours. The received insulation was inspected
visually to confirm that the heat treatment produced a color gradient appropriate for aged fiber (see
Figure 4-1).

/B
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Figure 4-1 Sample of aged fiber

The use of fiberglass insulation, such as Nukon is recommended as a surrogate for dry latent debris [3].
The fiber was processed into fines. For test APR1400-HL-0813-1, the fiber was shredded once, then
separated by a pressure washer, and stirred with a mixer. Typical fiber is shown below in Figure 4-2.
These fibers have a significant amount of class 1 and 2 fibers, but also significant amount of class 3
fibers as defined in [4]. For test APR1400-HL-0913-2, the fibers were triple shredded, separated by a
pressure washer, and stirred by a mixer in a more dilute fiber water mixture. The suspended fibers are
shown in Figure 4-3 which are nearly all class 1 and 2 [4].
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Figure 4-3 Photographed of fiber used in test APR1400-HL-0913-2
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4.2 Silicon Carbide

ElectroCarb black silicon carbide (size 800) was obtained from Electro Abrasives in Buffalo NY. These
particles have an average diameter of approximately 10 microns as measured by the manufacturer. A
sample of the silicon carbide was microscopically measured and had an average diameter of 8.64
microns (Shoemaker, Kevin, M&P Lab Report 0929, January 13, 2009).
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Figure 4-4 Measured size distribution of black silicon carbide

4.3 PWR Sand Mix

PWR sand mix is defined to have a target distribution as shown in Table 4-1. The PWR mix was made
by combining three types of sand. Paver leveling sand from Home Depot was used for the coarse sand.
It was passed through a 2,000 micron sieve and no material passed through a 500 micron sieve. Glass
bead blasting media was obtained in two different size ranges from Potters Industries in Pottsdam, New
York (through McMaster Carr). The size labelled 40-60 mesh, lot number 1052713P0-2236 was all
medium classification, all the sand passed through a 500 micron sieve and did not pass through a 75
micron sieve. The second size was labelled 170 - 325 mesh, lot number 1072313P0O-3118 and was a
combination of fine and medium sizes. 75.94 percent of the sand passed through a 75 micron sieve
(fine) and 24.06 percent passed through a 500 micron sieve but was captured on the 75 micron sieve
(medium). To create the sand mixture 28 percent of the total amount was weighed out from the paver
sand. To create the fine sand 48.7 percent of the total amount was weighed out of the 170 - 325 mesh,
which produced 37% fines and 11.7 percent medium. The rest of the medium sand, 23.3 percent of the

total, was weighed from the 40-60 mesh sand.
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Table 4-1: Target Size distribution [1,2]

Sand Recipe Target (%) Classification
<75 microns 37 Fine
>75 microns and <500 microns 35 Medium
>500 microns and <2000 microns 28 Coarse

4.4 Aluminum Oxy-hydroxide
Aluminum Oxy-hydroxide was fabricated following WCAP-16530-NP-A and the associated safety

evaluation [5, 6]. The chemicals to make the aluminum oxy-hydroxide, aluminum nitrate and sodium

hydroxide were obtained from Fisher Scientific.

The aluminum oxy-hydroxide was made at a concentration of 11g/l immediately prior to the test and a

settling test was performed to ensure the chemical surrogate met the requirements in [6].
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5 TEST PROCEDURE SUMMARY

5.1 Debris Preparation

5.1.1 Particulate Preparation

The particulate, sand mixture and silicon carbide, was split into buckets with approximately 10 pounds
in each bucket. About 3 gallons of water was carefully added to each bucket and the mixture was
agitated with a propeller agitator attached to a drill motor. The particulate and water was mixed to

suspend the debris to facilitate pouring the mixture into the tank.

Figure 5-1 Typical particulate addition (silicon carbide left, sand mixture right)

5.1.2 Fiber Preparation

Fiber fines were prepared based on NEI guidance [7]. For both tests the debris preparation was similar,
but the second test ARPR1400-HL-0913-2 did additional shredding and fiber dilution to ensure the fiber

added to the tank was nearly all class 1 and 2 [4] and had no agglomeration as it was added.

For both tests, aged Nukon fiberglass insulation was cut into approximately 3 inch by 3 inch pieces.
The cut pieces were then shredded in a leaf shredder/chipper, separated by a pressure washer, put into

buckets, agitated by a mixer, and then poured into the tank.

For test APR1400-HL-0813-1, the fiber was shred a single time. The fiber was weighed into batches of
0.95 Ibm. A batch of fiber of 0.95 pounds was placed in 4 gallons of water in a 32 gallon plastic
container. The fiber was thoroughly wet and then separated using a pressure washer with a fan nozzle
for approximately 4 minutes. The fiber was then separated into buckets. The fiber water mixture was

then agitated with a propeller mixer at high speed for one minute, and the fiber water mixture was

KEPCO & KHNP 10
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added to the tank around the perimeter where the flow turbulence and upwelling diluted the fiber
mixture (See Figure 4-2 for a photograph of the typical fiber size distribution). Photographs and video

were taken of the fiber addition (for example see Figure 5-2).

:
b
s

= -

Figure 5-2 Typical fiber fines addition for test APR1400-HL-0813-1

For test APR1400-HL-0913-2, the fiber was shredded three times. The shred fiber was then weighed
into 2 batches of 1.15 Ibm. A batch was split into three approximately equal portions and each third was
placed into plastic container (approximately 32 gallons) with approximately 2 gallons of water. The fiber
was thoroughly wet. The fiber was then separated using a pressure washer with a fan nozzle for 4
minutes. The water fiber mixture was then further diluted into 8 five gallon buckets with a total of 3
gallons of water in each bucket. Immediately prior to adding the fiber, the fiber was agitated with a
propeller mixer on high for one minute. A sample of this fiber water mixture was taken to ensure the
process produced fines that were nearly all class 1 and 2 fines [4] (see Figure 4-3). The fiber mixture
was added to the tank and there were no fiber clumps as the fiber was poured into the tank.

Photographs and video were taken of the fiber addition (for example see Figure 5-3).
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Figure 5-3 Typical fiber fines addition for test APR1400-HL-0913-2

5.1.3 Aluminum Oxy-hydroxide Preparation
Aluminum Oxy-hydroxide (ALOOH) is made following the WCAP16350 recipe [5]. Given the volume of

ALOOH required the amount of water is determined from the concentration (11g/l or 10.9 gal/Ib).

Water is added to a clean plastic tank. Aluminum nitrate nonahydrate is added slowly to the water at
6.25 Ib/lb of ALOOH. The water is mixed by a stirrer. After the aluminum nitrate has all dissolved
sodium hydroxide is added at 2.0 Ib/Ib of ALOOH. The suspension must be mixed for at least one hour.
A sample is taken and placed undisturbed in a graduated cylinder for an hour to perform a settling test.

After one hour, greater than 60% of the volume must remain cloudy.

The ALOOH is mixed in a plastic tank. The required amount of volume is weighed out into plastic

containers and poured into the tank around the perimeter.
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Figure 5-4 Typical chemical debris addition

5.2 Test Setup

The test setup consisted of cleaning the facility and cleaning and assembling the strainer as shown in
Figure 2-1. The configuration is sketched in Figure 5-5. The strainer was checked to ensure there
were no gaps greater than 3/32 in. The tank and piping were filled with water at 80 °F, the minimum

temperature required in the test plan. The water level was set at 24 in above the top of the strainer

tubes.

FLOW

L VALVE

“ o)

Figure 5-5 Layout of test facility
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5.3 Test Initiation

Both tests were initiated by conducting a clean flow sweep. Because they had different target flow

rates the sweeps occurred at slightly different target flow rates. All 6 agitators were on for both tests.

5.4 Debris Addition

After the clean flow sweeps were completed, particulate was added to the tank. Particulate was
distributed into 5 gallon buckets and mixed with water. The particulate was added as slurry to make it
easier to add the particulate in the tank. The buckets were poured around the perimeter of the tank.
For each test there was a single addition of particulate, see Figure 5-1 for typical addition. Several

buckets were added at consecutively to complete the addition.

After the particulate was allowed to circulate for a minimum of 2 pool turnover times (PTOs), the first of
two batches of fiber were added. Fiber was added as slurry around the perimeter of the tank (see
Figure 5-2 and Figure 5-3). Several buckets were added at consecutively to complete the addition.
The second batch of fiber was added after 10 PTOs and the head loss reached its stability criterion (<1%
head loss change in one hour). The head loss was so low that a 1 percent change in one hour was

difficult to determine, but the head loss essentially remained constant to meet this criterion.

Chemical debris was then added from plastic 30 gallon containers and poured around the perimeter of
the tank. For test APR-HL-0813-1, three chemical additions of 50 gallons each were added. The head
loss did not increase for the last two additions so no more additions were required. For test APR-HL-
0913-2, the measured head loss increased slightly for the first three chemical additions so the total load

of chemicals was added in five batches.

55 Test Termination

Each subtest was terminated by completing the required minimum time and reaching the head loss
stability requirement, if applicable. Clean flow sweeps were conducted for the time required and then
that test was terminated. Particulate additions were conducted for the time required and then that sub-
test was terminated. Fiber and chemical addition sub-tests were terminated upon completing at least
10 PTOs and reaching head loss stability of < 1 percent/hour. Final flow sweeps were terminated after

completing the required 2 PTOs at each flow rate.
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5.6 Post Test Observations
5.6.1 Test APR1400-HL-0813-1

After the test, the suction and discharge vents were opened very slowly to minimize disturbance of the
debris bed. Typically draining with heavy debris beds does disturb the debris bed because debris can

easily fall off vertical surfaces, especially when there is little head loss across the debris bed.

Figures 5-6 and 5-7 show that the strainer in the water was being drained from the tank. Some open
area appears to have remained during the test. There are areas where debris has fallen off the strainer
perforated plate also. The debris bed is thinner at the top of the strainer elements. Both photos show

each strainer element covered by differing amounts of debris.

-

Figure 5-6 Photo of the strainer post-test during draining (suction pipe is at top of photo)
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Figure 5-7 Photo of the strainer post-test during draining (suction pipe is at right)

Figure 5-8 shows two opposite sides of the strainer. The photo on the left shows the left side of the
strainer looking from the suction pipe (suction pipe is near the right side of the photo). The photo on the
right is the right side of the strainer (suction pipe is on the left side of the photo). The cylinder nearest
the suction pipe on the left side appears cleaner than the other cylinders because debris has fallen off
the strainer. Figure 5-9 shows details of the bottom of those cylinders. Figure 5-10 illustrates typical

inside of strainer tubes after drain down.

Figure 5-8 Photos of left and right side of strainer, the suction pipe is toward the center in both photos
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TS

Figure 5-9 Photo of bottom of cylinders on left side of strainer showing debris having fallen off strainer
Photo on left is aaway from suction pipe and photo on right is near suction pipe (visible)

TS

Figure 5-10 Typical view inside strainer tubes after drain down
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5.6.2 Test APR1400-HL-0913-2

After the test, the suction and discharge vents were opened very slowly to minimize disturbance of the
debris bed, just as in the previous test. Typically draining with heavy debris beds does disturb the
debris bed because debris can easily fall off vertical surfaces, especially when there is little head loss

across the debris bed.

In this test, the debris did not fall off the left cylinder closest to the suction pipe. Based on this
comparison between Figure 5-11 and the left photo in Figure 5-8, there is no effect of agitation on the
debris build up to the strainer. Figure 5-12 compares the left side and right side of the strainer after
drain down and it is clear that debris falls off of different cylinders in an unpredictable manner. Figure 5-
13 shows the ends of the strainer and Figure 5-14 shows the typical inside of the strainer tubes after

drain down, note that debris falls off in an unpredictable manner.

Figure 5-11 Left side of strainer during drain down (suction pipe is on right of photo)
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Figure 5-12 Comparison of left and right side of strainer after drain down

Figure 5-13 Comparison of ends of strainer after drain down

Figure 5-14 Photograph of typical inside of strainer tubes after drain down

Similar to the previous test, no debris was found on the tank floor.

KEPCO & KHNP
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5.7 Test Discrepancies and Nonconformances

For test APR1400-HL-0913-2, the flow meter was used outside of its calibrated range, but well within its
operating range. The meter was calibrated to 900 gpm, but can operate to 2,400 gpm. The flow meter
has two outputs an electrical output that is recorded on the data acquisition system and a display on the
meter itself. For the test, the electrical output was rescaled from 900 gpm to 1,200 gpm maximum. The
electrical output was compared to the display at several flow rates and compared to within 1 gpm. No

further action was required.

For test APR1400-HL-0913-2, five (5) chemical additions were used, instead of four (4), at the request
of the test director. The third chemical addition was increased from 50 gallons to 100 gallons. The
additional chemical addition was used to provide additional resolution in case head loss increased

significantly.
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6 RESULTS OF TESTING

Test APR1400-HL-0813-1 was started on 28 August 2013 and finished on 29 August 2013. Test
APR1400- 0913-2 was started on 12 September 2013 and finished on 13 September 2013.

6.1 Clean Flow Sweeps

The clean flow sweep data are shown in Table 6-1 and plotted in Figure 6-1. The data for the two tests

are very consistent and the higher flow point for test APR1400-HL-0913-2 fits the same second order
polynomial curve as test APR1400-HL-0813-1.

Table 6-1 Clean Flow Sweep Results

Test APR1400-HL-0813-1 Test APR1400-HL-0913-2
Flow Rate (gpm) Head Loss (in water) Flow Rate (gpm) Head Loss (in water)

833 4.3 1003 6.2
739 34 738 3.4
660 2.7 665 2.8
582 2.1 573 2.1
493 1.5 495 1.6
658 2.7 662 2.7
833 4.3 1002 6.2

A 400-HL-0813-1 APR14 HL-0913-2

4 600 800 1000 1200
Flow Rate (gpm
Figure 6-1 Clean flow sweep data
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6.2 Test Conditions
Test APR1400-HL-0813-1 was run assuming a 600 ft* strainer and test APR1400-HL-0913-2 was run

assuming a 500 ft* strainer (assumed blockage by tags and other debris) [1, 2]. The flow rate and
debris amounts were scaled by the ratio of the test strainer area to the plant strainer area and therefore
saw an increase for the second test of 20 percent.

Table 6-2 Comparison of head loss test conditions

Quantity APR1400-HL-0813-1 APR1400-HL-0913-2
Flow rate (gpm) 834 1000
Silicon carbide(lbm) 774 92.9
Sand mix (Ibm) 23.1 27.8
Fiber (Ibm)(total)’ 1.90 2.30
Chemical (gallons)(max)2 556.5 667.8

The as-tested test matrices are shown in Tables 6-3 and 6-4. The quantities in the tables indicate the
amount of debris added during a particular subtest. Note that for test APR1400-HL-0813-1 only three
chemical additions were required because head loss did not increase for the last two chemical additions.
For test APR1400-HL-0913-2, the full chemical load was added in five additions.

Table 6-3 Test Matrix for APR1400-HL-0813-1

Subtest Flow rate Latent Fiber (Ibm)| Dirt/Dust (Iobm) | Coatings (Ilom) | ALOOH (gal)
P.1 834 0 23.1 77.4 0
F.1 834 0.95 0 0 0
F.2 834 0.95 0 0 0
CA1 834 0 0 0 50
C2 834 0 0 0 50
C.3 834 0 0 0 50
C4 834 0 0 0 0
V.1 834 Water level was reduced to 2.0 feet above the strainer to check for

vortexing
FS Various Flow was reduced in 100 gpm increments to 234 gpm
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Table 6-4: Test Matrix for APR1400-HL-0913-2

Subtest Flow rate Latent Fiber (Iom) | Dirt/Dust (Ilbm) | Coatings (Iom) | ALOOH (gal)
P.1 1000 0 27.8 92.9 0
F.1 1000 1.15 0 0 0
F.2 1000 1.15 0 0 0
CA1 1000 0 0 0 50
C.2 1000 0 0 0 50
C.3 1000 0 0 0 100
C4 1000 0 0 0 200
C5 1000 0 0 0 267.8
V.1 834 Water level was reduced to 2.0 feet above the strainer to check for

vortexing
FS Various Flow was reduced in 100 gpm increments to 500 gpm

6.3 APR1400-HL-0813-1 Debris Head Loss Results

Debris head loss results are shown in Table 6-5 for each of the subtests in Table 6-3 and plotted in

Figure 6-2.
Table 6-5: Head Loss Results for APR1400-HL-0813-1
Subtest Flow rate (gpm) Temperature (F) Head Loss (in water)
P.1 835 82 4.5
F.A1 833 82 5.8
F.2 831 83 6.5
C.1 834 84 7.5
C.2 834 85 7.7
C.3 834 85 7.8
FS 729 85 6.0
FS 630 85 4.5
FS 536 85 3.4
FS 430 85 2.2
FS 333 85 1.4
FS 236 86 0.9
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Figure 6-2: Head loss, flow rate, and temperature time history for APR1400-HL-0813-1
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6.4 APR1400-HL-0913-2 Debris Head Loss Results

Debris head loss results are shown in Table 6-6 for each of the subtests in Table 6-4 and plotted in

Figure 6-3.

Table 6-6 Head Loss Results for APR1400-HL-0913-2

Subtest Flow rate (gpm) Temperature (°F) Head Loss (in water)
P.1 1009 81 6.4
F.1 999 82 8.1
F.2 998 82 8.4
CA1 996 84 9.0
C2 998 85 9.4
C3 999 86 9.6
C4 1000 88 9.7
C5 999 88 9.7
FS 899 88 7.9
FS 798 88 6.2
FS 700 88 4.9
FS 601 88 3.6
FS 496 88 25
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Figure 6-3 Head loss, flow rate and temperature results for APR1400-HL-0913-2
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6.5 Vortex Tests

For both APR1400-HL-0813-1 and APR1400-HL-0913-2, no air entrainment or vortexing was seen.
Photographs and video were taken of the strainer submerged at two feet of water at test flow rate. For
test APR1400-HL-0813-1 after the flow sweep was complete, the flow rate was increased to the target

flow rate to demonstrate the lack of vortex formation for test witnesses.

Figure 6-4: Photograph during vortex portion of tests APR1400-HL-0813-1 on left and test APR1400-
HL- 0913-2 on right. No vortices visible
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7 QUALITY ASSURANCE

All quality-related activities were performed in accordance with the Continuum Dynamics, Inc. Quality
Assurance Manual [8]. Quality-related activities are those which are directly related to the planning,
execution and objectives of the test. Supporting activities such as test apparatus design, fabrication
and assembly are not controlled by the C.D.l. Quality Assurance Manual. C.D.l.'s Quality Assurance
Program provides for compliance with the reporting requirements of 10 CFR Part 21. All instrument
certifications, instrument calibrations, testing procedures, data reduction procedures, and test results

are contained in a Design Record File which (upon completion) will be kept on file at C.D.I. offices.
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1 Introduction

If a loss of coolant accident (LOCA) were to occur, it is postulated that this LOCA could generate and
transport debris to the Emergency Core Cooling Suction (ECCS) strainer. Some of the debris deposited
on the ECCS strainer may pass through the strainer and could challenge the long term core cooling
capability of the plant. The primary debris type of concern is fibrous material which potentially could form
a debris bed downstream of the strainer, for example on the fuel grids. Particulate and chemical debris

are assumed to pass through the strainer, and are therefore excluded from the bypass test.

The purpose of this test is to measure the quantity of fiber that can pass through the ECCS strainer. The

test was conducted following a test plan [1] developed by Structural Integrity Associates.

2 Test Facility Description

21 Flow Loop

The test facility consists of an approximately 15 ft (4.5 m) diameter tank that is 7 ft (2.1 m) deep. The flow
returns into the tank from a 6 inch pipe with a tee that is pointed at the floor in the center of the tank. The
exit of the tee is approximately 2 in (0.05 m) above the floor so that the return flow sweeps along the floor
then up the tank walls to help suspend debris. The tank can hold approximately 9,500 gallons of water.

The tank was covered by a tarp to prevent dust and debris from falling into the tank.

The test strainer is located next to the return pipe with the strainer plenum mounted 6 in (0.15 m) above
the tank floor. The top of the strainer elements are 46-3/4 in (1.2 m) above the tank floor. Six agitators
(trolling motors) are located at approximately every 60 degrees at an approximately 12 ft (3.7 m) diameter

(see Figure 2-1 and Figure 2-2).

The suction pipe is attached to the strainer and runs to the Godwin CD150M pump. The discharge of the
pump goes to nine parallel filter housings, then to a flow meter, flow control valve, and then back into the

tank (see photographs in Figure 2-2 and Figure 2-3 and a schematic in Figure 2-4).
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Figure 2-1 Photograph of strainer in test tank

Figure 2-2 Photograph of filter housings.

Flow rate can be controlled by a combination of a variable frequency drive (VFD) that drives the pump, the
gate valve, or a bypass line which provides a short circuit path between the suction and discharge of the
pump. Typically, the VFD is used to control the flow rate during a test, unless very low flow rates need to

be achieved.
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Figure 2-3 Pump on left, data acquisition flow meter and DP cells on right.
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Figure2-4 Flow schematic of test setup.
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2.2 Instrumentation

Head loss across the strainer was measured by two independent Rosemount model 1151 differential
pressure transducers. One transducer was scaled to 0-100 in of water and the second was scaled to 0-
300 in of water. These transducers were calibrated to +/-0.125% of their range. The low side of the
differential pressure transducer was connected to the pressure tap on the strainer plenum and the high

side of the pressure transducers was connected to a tap on the tank wall.

Flow rate was measured by a six-inch Omega model MG1000 electromagnetic flow meter. The flow meter
was installed on the discharge side of the pump more than 50 diameters upstream of the pump with a
straight section of pipe upstream and downstream of the flow meter. A flow control valve was installed
downstream of the straight section of piping.

Water temperature was measured with a type T thermocouple installed in the tank near the water surface.

The thermocouple was connected to an Omega DP-41 TC-A process meter.

All of these instruments were connected to a Dataq DI-220 data acquisition system running LSP60
software. This software records data every two seconds to disk in tab delimited format in engineering units.

The software also provides plotting and digital displays of all of the instrumentation being recorded.
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3 Test Prototype

A prototype Transco strainer was tested (see Figure 2-1 and Figure 3-1). The strainer consists of three
strainer cartridges each with four tubes bolted to a plenum that allows a flow path from each tube to the
pump suction pipe. The three cartridges were labelled C4570-004, C4570-005, and C4570-006. The
surface area of this configuration is 75.1 ft* with perforated plate hole size of 3/32 in [1]. The plenum was

mounted six (6) in (0.15 m) above the tank floor.

Figure 3-1 Drawing of the test strainer

KEPCO & KHNP 5

TS




KEPCO & KHNP APR1400 Design Features to Address GSI-191  APR1400-E-N-NR-13001-NP, Rev.0

4 Debris Description

For this test only fiber fines were tested to simulate latent debris. Fiber was prepared from aged Nukon
fiberglass. The fiberglass was obtained heat treated from Performance Contracting Inc. lot number J-006-
12HT*LN-1840. The heat treating process followed PCI procedure DPP-01 which heated one side of the
insulation on a hot plate at 300 °C for 6 to 8 hours. The received insulation was inspected visually to
confirm that the heat treatment produced a color gradient appropriate for aged fiber (see Figure 4-1).

A

Figure 4-1 Sample of aged fiber

The use of fiberglass insulation, such as Nukon is recommended as a surrogate for dry latent debris [2].
The fiber was processed into fines, mostly class 1 and 2, as defined in [3] for use in the test. The

processing steps are described in Section 5 and photographs of the end result of the suspended fibers are
shown in Figure 4-2.

Figure 4-2 Photographed of simulated latent debris suspended in water.
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5 Test Procedure Summary

5.1 Debris Preparation

Fiber fines were prepared based on NEI guidance [4]. Aged Nukon fiberglass insulation was cut into
approximately 3 inch by 3 inch pieces. The cut pieces were then shredded in a leaf shredder/chipper, and
the shredded fiber was then passed through the leaf shredder and additional two times. The fiber was
shredded three times. The shred fiber was then weighed into 4 batches of 0.4 Ibm. A batch was placed
into plastic container (approximately 32 gallons) with approximately 2 gallons of water. The fiber was

thoroughly wet. The fiber was then separated using a pressure washer with a fan nozzle for 4 minutes.

The water fiber mixture was then further diluted into 8 five gallon buckets with a total of 3 gallons of water
in each bucket. Immediately prior to adding the fiber, the fiber was agitated with a propeller mixer on high
for one minute. A sample of this fiber water mixture was taken to ensure the process produced fines that
were nearly all class 1 and 2 fines [3] (see Figure 4-2). The fiber mixture was added to the tank and there
were no fiber clumps as the fiber was poured into the tank. Photographs and video were taken of the fiber

addition (for example see Figure 5-1).

Figure 5-1 Typical fiber fines addition.
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5.2 Test Setup

The test setup consisted of cleaning the facility and cleaning and assembling the strainer as shown in
Figure 2-1. The configuration is sketched in Figure 5-2. The strainer was checked to ensure there were
no gaps greater than 3/32 in. The tank and piping were filled with water at 72 °F, which is above the 60 °F

minimum required in the test plan. The water level was set 24 inches above the top of the strainer tubes.

All 9 filter housings were fitted with 1 micron felt filters to clean the water prior to the test starting. The data
acquisition system was started and then the pump was turned on. The flow rate was set to 900 gpm,
slightly greater than the target flow rate of 834 gpm, to improve pre-filtering. The water was filtered for
greater than 10 pool turn over times (PTOs).

FLOW

GATE
VALVE

A

Figure 5-2 Layout of test facility

5.3 Filter weighing

Each filter was numbered to identify the filter. Filters were stored in a room at 35 percent relative humidity
and 78 °F for several days prior to the test. The filters were weighed individually and in groups of eight,
since they would be used in groups of eight. The filters were weighed in the same room in which they

were stored.

After the test the filters were allowed to dry in lab conditions. After most of the water was removed from the
filters, the filters were hung in racks in the filter weighing room at the same conditions they were initially

stored and weighed.
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The filters were allowed to dry for several days and then weighed three times over a period of several
hours to ensure the weight was stable. The post-test filters were weighed in the same groups of eight that

they were used (and originally weighed).

5.4 Test Initiation

The test was initiated by setting the flow rate to 834 gpm and swapping out the pre-filters for pre- weighed
control filters. Data was already being acquired for head loss across the strainer, flow rate, and water
temperature. Control filters were placed in eight of the filter housings with flow going through each of
these eight filters. The ninth filter housing remained shut off and a pre-weighed, numbered filter that would
be used to collect fiber was placed in that housing. No flow was going through that filter during the control
filter portion of the test.

5.5 Filter Swapping

Filter swapping was performed to minimize flow disturbance and to avoid disturbing the debris bed on the
strainer. Filters were swapped one at a time (only a portion of the flow could be disturbed). There were
always eight filters active and one filter with no flow. To swap filters the valve on the downstream side of
the unused filter was opened. Then the upstream valve of the unused filter was opened while the

upstream valve of the neighboring active filter was closed. The new filter was now active.

The downstream valve on the used filter was closed completely isolating the filter. The vent valve on the
filter was opened and then the drain valve was opened. The filter top was opened and when the water
level in the filter housing was below the top of the filter, the drain valve was closed, the filter bag was
removed and its number was recorded. Note that water draining from the filter housing drained through
the filter bag and any fiber would be captured by the filter.

A new pre-weighed numbered filter (belonging to the same set of filters) was placed in the open filter
housing. The filter number was recorded. The filter was sealed into the filter housing. Air was removed
from the filter housing by cracking the upstream valve and allowing air to exit from the vent valve. Any
water that exited through the vent passed through the removed filter to capture any fiber in the water. The

filter was then hung up on a rack to dry.

This process was repeated for all filters and the last filter remained closed until the next filter change.
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5.6 Debris Addition

After filter switching was complete fiber was added to the tank. Fiber fines were added from eight buckets
and poured into the tank around the perimeter where the upwelling caused high level of turbulence. The

fibers were suspended in the water and added to the tank without any visible fiber clumps.

There were four fiber additions of 0.4 Ibm of fines.

5.7 Test Termination

The pre-filtering continued for a minimum of 10 PTOs prior to terminating this sequence and swapping
filters for control filters. Filter swapping occurred after a minimum of 3 PTOs for the control filters. A
minimum of 7 PTOs was used prior to terminating a fiber addition by swapping filters. After each fiber
addition the pool was checked visually that all of the fiber was on the strainer. If no fiber was seen in the

pool, then after 2 additional PTOs fiber swapping was started.

Atfter the fourth batch of fiber was added and 7 PTOs were completed the test was terminated by stopping
the pump. The tank was then drained while photographing and videotaping the debris on the strainer and

the clean tank. The last set of filters were removed from the filter housings and allowed to dry.

5.8 Post Test Observations

The fiber debris was collected on the bottom of the strainer tubes on both the inside and outside. The fiber
was built up to a height of 5- 8 in (0.13 - 0.20 m) (see Figures 5-3 and 5-4). The debris bed was less than
11in (0.025 m) thick at the bottom and tapered to a thin coating at the top of the fiber (see Figure 5-5). The

debris remained on the strainer after the drain down.
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Figure 5-3 Strainer shown after test and drain down.

Figure 5-4 Photograph of the inside of the strainer tubes.
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Figure 5-5 Detail of the fiber buildup outside of the fiber tube.

No fiber was found in the tank.

5.9 Test Discrepancies and Nonconformances

None.
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6 Results of Testing

A single bypass test was run. The bypass test was identified as APR1400-Bypass-0913-1. Four batches
of fines representing latent debris were added at the times shown in Table 6-1 and graphically in Figure 6-
1. Note that time zero on the plot represents 9:36 AM when the data acquisition unit was started. A PTO
during pre-filtering was 9 minutes and during the test was 10 minutes. Note that during filter switching and

venting all water that might contain water still passed through the filters.

Table 6-1 Sequence of Events for Test APR1400-Bypass-0913-1

Event Time Number of PTOs

Pre-filtering 9:46AM to 12:31 PM 18
Switch filters 12:31 PM to 1:05PM 3.4
Control filter 1:10PM to 1:40PM 3

Switch filters 1:41PM to 2:05PM 2.4
First fiber addition 2:39PM to 2:45PM 0.6
Collect first fiber addition 2:45PM to 4:00PM 7.5
Switch Filters 4:13PM to 4:43 PM 3

Second fiber addition 5:00PM to 5:05PM 0.5
Collect second fiber addition 5:05PM to 6:18PM 7.3
Switch Filters 6:18PM to 6:45 PM 2.7
Third fiber addition 6:59PM to 7:04PM 0.5
Collect third fiber addition 7:04PM to 8:15PM 71
Switch Filters 8:16PM to 8:43 PM 2.7
Fourth fiber addition 8:51PM to 8:56PM 0.5
Collect fourth fiber addition 8:56PM to 10:10PM 7.4

6.1 Fiber Captured

Table 6-2 lists the amount of fiber fines added and the change in weight for the control filters and the filters
that captured fiber after each fiber addition. Note that most of the strainer area remained open for all
additions (see Figure 5-3). Each fiber addition was terminated after the tank appeared visually clear of
fiber, which was confirmed near 5 PTO, then waiting two additional PTO for a minimum time of 7 PTO

(see Table 6-1). PTO were counted from the end of each fiber addition.
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Table 6-2: Summary of fiber bypass

Condition Fiber added Filter weight change (g)
Control filters 0 -0.18
After first fiber addition 0.4 Ibm (0.18 kg) 37.16
After second fiber addition 0.4 Ibm (0.18 kg) 29.66
After third fiber addition 0.4 Ibm (0.18 kg) 28.04
After fourth fiber addition 0.4 Ibm (0.18 kg) 29.08
6.2 Head Loss, Flow Rate, and Temperature

A plot of the head loss, flow rate and temperature are shown as a function of time.

KEPCO & KHNP 14



KEPCO & KHNP APR1400 Design Features to Address GSI-191  APR1400-E-N-NR-13001-NP, Rev.0

APR1400-Bypass-0913-1

10 B B B | | L | TN T Head 1055
] ] L | L} ] L | "
[ T I || o ol [ | C Final HL
— 2
o ° HE N | . - t I ewa=Switch Filters
g L 1oty 1y (™ -
_ N o " ¢ 1" = = AddFiber
£ 6 [ | | (| 0:.
' hood e -
§4 I N RS | :'sl R |
= ' 4 o ' (]
R~} ] ] I | " ] l. ) I. ] Il
[ 1o [ [
f\ oo " i ! " L
“ e ooy oy (BT
[ [ [ [
[ T | N ] (] |
0
0 100 200 300 200 500 600 700 800 500
Time (min)
APR1400-Bypass-0913-1
1000
__ 800
E
a
& 500
a
2
400
3
o
('
200
0
0 100 200 300 200 500 600 700 800 S00
Time (min)
APR1400-Bypass-0913-1
100
85
e
w 90
(7]
= g5
y
3 =0
[
g 75
£
s 70
65
60
0 100 200 300 400 S00 600 700 800 500

Time (min)

Figure 6-1 Time history of head loss, flow rate, and temperature. Pairs of lines on head loss plot

indicate beginning and end of filter switch and fiber addition.

KEPCO & KHNP 15



KEPCO & KHNP APR1400 Design Features to Address GSI-191  APR1400-E-N-NR-13001-NP, Rev.0

Quality Assurance

All quality-related activities were performed in accordance with the Continuum Dynamics, Inc. Quality

Assurance Manual [5]. Quality-related activities are those which are directly related to the planning,

execution and objectives of the test. Supporting activities such as test apparatus design, fabrication and

assembly are not controlled by the C.D.I. Quality Assurance Manual. C.D.l.'s Quality Assurance Program

provides for compliance with the reporting requirements of 10 CFR Part 21. All instrument certifications,

instrument calibrations, testing procedures, data reduction procedures and test results are contained in a

Design Record File which (upon completion) will be kept on file at C.D.I. offices.

(1]

(2]

(3]

(4]

5]
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Appendix C

Structural Drawings
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Figure C.1 Reactor Containment Building Section “A-A”

KEPCO & KHNP D-1

TS




KEPCO & KHNP APR1400 Design Features to Address GSI-191 APR1400-E-N-NR-13001-NP, Rev.0

Figure C.2 Reactor Containment Building Section “B-B”
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Figure C.3 Reactor Containment Building-Concrete Outline Dimensional EL. 81°-0”
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Figure C.4 Reactor Containment Building-Concrete Outline Dimensional EL. 100’-0”
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Figure C.5 Reactor Containment Building-Concrete Outline Dimensional EL. 114’-0”
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Figure C.6 Reactor Containment Building-Concrete Outline Dimensional EL. 136’-6”
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Figure C.7 Reactor Containment Building-Concrete Outline Dimensional EL. 156’-0”
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Figure C.8 Primary Shield Wall (Plan EL.69'-0")
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Figure C.9 Primary Shield Wall (Plan EL.100'-0")
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Figure C.10 Reactor & ICI Cavity Detail (Plan EL.69'-0")
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Figure C.11 Primary Shield Wall (Plan EL.117'-4")
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Figure C.12 Primary Shield Wall (Plan EL.130'-0")
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Figure C.13 Primary Shield Wall (Plan EL.130'-0")

KEPCO & KHNP D-13

TS




KEPCO & KHNP APR1400 Design Features to Address GSI-191 APR1400-E-N-NR-13001-NP, Rev.0

Figure C.14 Internal Structure (Plan EL.100'-0")
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Figure C.15 Internal Structure (Plan EL.114'-0")
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Figure C.16 Internal Structure (Plan EL.136'-6")
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Figure C.17 Internal Structure (Plan EL.156'-0")
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