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February 5, 2019 Docket No. 52-048

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk

One White Flint North

11555 Rockville Pike

Rockville, MD 20852-2738

SUBJECT: NuScale Power, LLC Submittal of Changes to Final Safety Analysis Report, Section
14.2, “Initial Plant Test Program” and Section 14.3, “Certified Design Material and
Inspections, Test, Analyses, and Acceptance Criteria”

REFERENCES: Letter from NuScale Power, LLC to Nuclear Regulatory Commission, “NuScale
Power, LLC Submittal of the NuScale Standard Plant Design Certification
Application, Revision 2,” dated October 30, 2018 (ML18311A006)

During several public teleconferences with various NRC Staff, NuScale Power, LLC (NuScale)
discussed potential updates to Final Safety Analysis Report (FSAR), Section 14.2, “Initial Plant Test
Program” and Section 14.3, “Certified Design Material and Inspections, Test, Analyses, and
Acceptance Criteria.” As a result of this discussion, NuScale changed Sections 14.2 and 14.3. The
Enclosure to this letter provides a mark-up of the FSAR pages incorporating revisions to Sections 14.2
and 14.3, in redline/strikeout format. NuScale will include this change as part of a future revision to the
NuScale Design Certification Application.

Also included in an attachment are NuScale’s responses to the initial test program questions received
by the NRC.

This letter makes no regulatory commitments or revisions to any existing regulatory commitments.

If you have any questions, please feel free to contact Carrie Fosaaen at 541-452-7126 or at
cfosaaen@nuscalepower.com.

Sincerely,

Zackary W. Rad
Director, Regulatory Affairs
NuScale Power, LLC

Distribution: Samuel Lee, NRC, OWFN-8H12
Gregory Cranston, NRC, OWFN-8H12
Cayetano Santos, NRC, OWFN-8H12

Attachment: NuScale Responses to ITP Questions

Enclosure:  “Changes to NuScale Final Safety Analysis Report Sections 14.2, “Initial Plant Test
Program” and Section 14.3, “Certified Design Material and Inspections, Test, Analyses,
and Acceptance Criteria”
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NRC Question 1.0:

Pool Surge Control System Test #4: The system function that states “the PSCS supports the
UHS by providing surge control for UHS operations,” is not clearly tested in Test #4-1 as
indicated. Explain or correct the abstract to reflect the appropriate test.

NuScale Response:
Table 14.2-4, “Pool Surge Control System Test #4,” System Level Test #4-1 has been revised
as follows:
¢ The test method will be revised to support two new acceptance criteria.
e Acceptance criteria will be added to verify inventory addition to the PSCS tank with a
PSCS pump running.
e Acceptance criteria will be added to verify inventory addition to the dry dock with the
PSCS tank main discharge line isolation valve open.

NRC Question 2.0:
Auxiliary Boiler System Test #9: No System Level test is indicated. Explain or correct the
abstract to reflect the appropriate test.

NuScale Response:

The auxiliary boiler system functions are inventoried in Table 14.2-9, “Auxiliary Boiler System
Test # 9.” For each function listed, the corresponding entry in the “Function Verified by Test #”
column provides the location of a system level test that verifies the ABS function. Because all
ABS system functions listed in Table 14.2-9 are tested in other systems’ system level tests (for
example, CPS Test #30-1), there are no system level tests for the ABS.

NRC Question 2.1:

Auxiliary Boiler System Test #9: The test reference under the System Functions do not clearly
indicate how the Functions are verified for the high pressure (HP) and low pressure (LP) sides
of the auxiliary boiler system (ABS). Update the abstract accordingly.

NuScale Response:

Table 14.2-9, “Auxiliary Boiler System Test # 9,” lists Sections 10.4.10 and 11.5.2.2.14 as
locations for descriptions of the ABS. Section 10.4.10 provides a description, including whether
the function is a high pressure or low pressure function, for each of the system functions
inventoried in Table 14.2-9. Repeating this information in the test abstract is unnecessary.

NRC Question 2.2:
Auxiliary Boiler System Test #9: The function of providing steam at a rated pressure from the
HP to LP is not clearly indicated. Update the abstract accordingly.

NuScale Response:

The ability of the high pressure portion of the ABS to supply steam to the low pressure portion of
the ABS is demonstrated via overlap testing. Functionality of the high pressure portion of the
ABS is demonstrated through TG Test #33-1. Functionality of the low pressure portion of the
ABS is demonstrated through CAR Test #32-1. As discussed in Section 14.2.3.4, Generic
Component Testing, control valves are set up and tested as part of the generic component
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testing that must be completed as a prerequisite to the performance of preoperational testing.
The combination of testing the high pressure system’s ability to develop rated pressure, the
pressure control valve’s ability to reduce pressure to the appropriate pressure, and the low
pressure system’s ability to deliver the steam to loads fully demonstrate this capability.

NRC Question 2.3:

Auxiliary Boiler System Test #9: It is not clearly indicated how the system limits (simultaneously
heat up the reactor coolant system, provide gland seal and condenser sparger steam) are going
to be evaluated if the referenced tests are not going to be performed simultaneously. Explain or
update the abstract accordingly.

NuScale Response:

There is not a requirement to ensure support systems can perform all of their functions
simultaneously. For example, preoperational testing of electrical buses does not require all
loads supplied power by the bus to be simultaneously operated to demonstrate the ability of the
bus to provide sufficient power under maximum load. Instead, the design is credited with sizing
the bus appropriately for the load it will supply, while the ability to provide power to the individual
loads is tested.

However, during hot functional testing the ABS will provide steam to the module heating system,
gland seals, and condenser sparging simultaneously, as can be seen in System Level Tests
#32-1 and #33-1. This simultaneous functionality will also be demonstrated during startup
testing.

NRC Question 2.4:

Test #33-1: The last sentence of the test method is unclear. Clarify if this was intended to make
reference to ABS instead of FWS. This section requires to place the ABS HP in auto to heat the
MHS heat exchanger to the highest temperature achievable. What is this temperature stated in
the FSAR? Update the test abstract to reflect the appropriate location where the information can
be found.

NuScale Response:

In Table 14.2-33 “Turbine Generator System Test #33,” System Level Test #33-1, the last
sentence of the test method, “Align the FWS to cool the gland seal steam desuperheater,” is
correct.

At this phase of design, it is unknown how high of an RCS temperature will be achieved using
the MHS. Accordingly, the value is not stated in the FSAR. However, the low end temperature is
bounded by the acceptance criteria of “RCS temperature is sufficient to obtain criticality.”

NRC Question 2.5:

Test #32-1: This is the test tacking credit to verify the gland seal is provided steam from the
ABS LP. Under the Acceptance Criteria (iii) need to verify pressure of the gland seal. How is this
related to the ABS LP system level function verification?

NuScale Response:
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The auxiliary boiler system is a support system with the purpose of supplying steam at
pressures and flows that allow the supported systems to perform specific functions. As such,
parameters in the supported system typically provide more meaningful acceptance criteria when
testing the ABS.

Test #32-1 acceptance criterion (iii) verifies Table 14.2-9, “Auxiliary Boiler System Test # 9,”
System Function 3, “The ABS supports the turbine generator by supplying gland seal

steam.” To verify the low pressure portion of the auxiliary boiler system is supplying adequate
steam to the gland seals, gland seal pressure is verified while there is a vacuum in the
condenser and gland seal steam is sealing the turbine seals.

NRC Question 2.6:

Test #32-1: Test method (ii) requires opening the feedwater spare isolation valve to provide
steam sparging to MC. Is this sentence correct and how this related to the ABS LP system level
function verification?

NuScale Response:
The main condenser is part of the feedwater system, thus feedwater valves are used to isolate
ABS sparging steam from the main condenser. Test method (ii) is correct as written.

The function being verified is, “The auxiliary boiler supports the FWS by supplying steam to the
condenser for sparging when necessary.” With the sparging steam isolation valves open,
sparging steam flow is verified in accordance with acceptance criteria (ii).

NRC Question 2.7:
Test #30-1: Acceptance criterion (iv) makes reference to a design temperature but is not clearly
indicated. How this is related to the ABS LP system level function verification?

NuScale Response:

At this phase of the design, the condensate polishing system hot water heater design outlet
temperature is not known. This value will be populated during the development of the detailed
test procedures.

The auxiliary boiler system is a support system with the purpose of supplying steam at
pressures and flows that allow the supported systems to perform specific functions. As such,
parameters in the supported system typically provide more meaningful acceptance criteria when
testing the ABS.

Table 14.2-30, “Condensate Polishing System Test # 30,” System Level Test #30-1,
Acceptance Criterion (iv) is verifying Table 14.2-9, “Auxiliary Boiler System Test # 9,” System
Function 1, which states, “The auxiliary boiler supports the condensate polishing system (CPS)
by supplying steam for resin regeneration.” The purpose of the steam supplied by the ABS to
the CPS is to heat the water in the CPS hot water heater. Therefore, the best parameter for
verifying the adequacy of the steam supply from the ABS is the CPS hot water heater outlet
temperature.

NuScale Power, LLC
1100 NE Circle Blvd., Suite 200  Corvallis, Oregon 97330  Office 541.360-0500  Fax 541.207.3928
www.nuscalepower.com



Attachment

NuScale Responses to ITP LO-0119-64396
NUSCALE Questions Page 4 of 22

NRC Question 3.0:

Fire Protection Systems Test #25: In FSAR Section 9.5.1, “Fire Protection Program,” the
applicant states that various portions of the fire protection system conforms to or is in
accordance with NFPA standards. For example, the applicant states that:

Fire pump installations conform to NFPA 20, “Standard for the Installation of Stationary Pumps
for Fire Protection.”

And

Automatic sprinkler systems are installed in accordance with NFPA 13, “Standard for the
Installation of Sprinkler Systems.”

The staff reviewed FSAR Section 14.2, “Initial Plant Test Program,” Table 14.2-25, “Fire
Protection System Test #25,” and found no indication that the initial testing for the fire protection
system will be in accordance with the appropriate NFPA standard, as mentioned in FSAR
Section 9.5.1.

The applicant is requested to state in Table 14.2-25 that the initial acceptance test for the fire
protection system will be as described in the appropriate NFPA standard.

NuScale Response:

Table 14.2-25, “Fire Protection System Test # 25,” and Table 14.2-26, “Fire Detection System
Test # 26,” have been revised to include a statement that the preoperational test is “conducted
in accordance with the applicable criteria in codes and standards listed in Table 9.5.1-1.” NFPA
13, NFPA 20, NFPA 70, and NFPA 72 are listed as applicable codes, standards, and regulatory
guidance in Table 9.5.1-1.

NRC Question 3.1:

Additionally, as Fire Detection Test #26 refers to Test #25: In FSAR Section 9.5.1.2.6, “Fire
Protection Design Features,” the applicant stated that

Fire detection and alarm systems comply with the requirements of Class A systems, as defined
in NFPA 72, "National Fire Alarm Code," and Class | circuits, as defined in NFPA 70, "National
Electrical Code."

The staff reviewed FSAR Section 14.2, “Initial Plant Test Program,” Table 14.2-26, “Fire
Detection Test #26,” and noted that there are no initial test details unlike what was indicated in
FSAR Section 9.5.1.2.6.

The applicant is requested to state in Table 14.2-26 that the initial acceptance test for the fire
detection and alarm system will be performed as described in NFPA 70 and NFPA 72, as
indicated in FSAR Section 9.5.1.2.6.

NuScale Response:

Table 14.2-25, “Fire Protection System Test # 25,” and Table 14.2-26, “Fire Detection System
Test # 26,” have been revised to include a statement that the preoperational test is “conducted
in accordance with the applicable criteria in codes and standards listed in Table 9.5.1-1.” NFPA
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13, NFPA 20, NFPA 70, and NFPA 72 are listed as applicable codes, standards, and regulatory
guidance in Table 9.5.1-1.

NRC Question 4.0:

Turbine Generator Test #33: Regarding component level test viii, the acceptance criteria states
that the turbine stop valve and control valve close upon receiving simulated overspeed trip
signals. Assuming the test is performed to demonstrate the functional performance of the
valves, the acceptance criteria should be based on valve closure in the specified allowable
valve closure time since the maximum turbine overspeed reached will be dependent on the
valve closure time.

NuScale Response:

Table 14.2-33, “Turbine Generator Test #33,” component level test (viii) has been revised to
include direction in the Test Method to record the stroke times of the turbine stop valve and
turbine control valves. Acceptance Criteria was added to verify each valve’s stroke time is within
design limits.

NRC Question 4.1:

Additionally, it was noted that the test did not include closure of the reheat stop valves and
intercept valves which also typically close when a turbine trip is initiated. Is there a reason for
the omitting this function?

NuScale Response:
The turbine generator system does not include a moisture separator reheater, and therefore
does not have reheat stop valves or intercept valves.

NRC Question 4.2:
Regarding the system-level test, is there a test to demonstrate the ability to manually trip the
turbine locally or from the main control room?

NuScale Response:
Table 14.2-33, “Turbine Generator Test #33,” has been revised to include a new component
level test to verify the turbine can be manually tripped from the main control room.

NRC Question 5.0:

Chemical and Volume Control System Test #38: The acceptance criteria in the test indicates
several “setpoints” and “specifications” but does not provide an appropriate reference for those
values. Update the acceptance criteria to reference where the information can be found (i.e.,
FSAR section, Technical Specifications, etc.).

NuScale Response:

Tests #38-1, #38-2, and #38-3 reference operator control setpoints, rather than design
setpoints, for pressurizer level, pressurizer pressure, and boron concentration. The tests are
conducted by changing the operator control setpoint to a desired value and verifying the CVCS
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automatically responds to establish and maintain the parameter at the new setpoint. The
setpoints used during the tests will be determined when the detailed test procedures are
developed, and are not required for the test abstracts.

NRC Question 6.0:

Control Rod Drive System Flow-Induced Vibration Test #44: The Control Rod Drive System
(CRDS) Flow-Induced Vibration Test indicates that validation testing is performed during factory
testing and that there are no preoperational tests for the CRDS. Typically design certification
applicants have performed vibration testing during power ascension. Explain why this is not
being done or update the abstract accordingly.

NuScale Response:

Vibration testing will be performed in accordance with TR-0716-50439-P, “NuScale
Comprehensive Vibration Assessment Program Technical Report,” as referenced in Table 14.2-
44, “Control Rod Drive System Flow-Induced Vibration Test # 44.” Additionally, Table 5-1 of the
Technical Report describes the CRDS visual examinations required as part of startup testing
and provides acceptance criteria for those examinations. This requirement is stipulated in Table
14.2-108, “NuScale Power Module Vibration Test # 108.”

NRC Question 7.0:

Reactor Vessel Internals Flow-Induced Vibration Test #45: The Reactor Vessel Internals (RVI)
Flow-Induced Vibration Test indicates that validation testing is performed during factory testing
and that there are no preoperational tests for the RVI. Typically design certification applicants
have performed vibration testing during power ascension. Explain why this is not being done or
update the abstract accordingly.

NuScale Response:

Vibration testing will be performed in accordance with TR-0716-50439-P, “NuScale
Comprehensive Vibration Assessment Program Technical Report,” as referenced in Table 14.2-
45, “Reactor Vessel Internals Flow-Induced Vibration Test # 45.” Additionally, Table 5-1 of the
Technical Report describes the RVI visual examinations required as part of startup testing and
provides acceptance criteria for those examinations. This requirement is stipulated in Table
14.2-108, “NuScale Power Module Vibration Test # 108.”

NRC Question 8.0:
Emergency Core Cooling System Test #47: Articulate the reason for omitting a system-level
ECCS test.

NuScale Response:

Table 14.2-47, “Emergency Core Cooling System Test # 47,” has been revised to include a
system level test of ECCS. The test is performed during hot functional conditions (normal
operating pressure and the highest RCS temperature achievable using the MHS), and includes
acceptance criteria to verify collapsed liquid level remains above the top of the core and CNV
temperature and pressure remain within design limits identified in Table 6.2-1 during the test.
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NRC Question 9.0:
Decay Heat Removal System Test #48: NuScale submitted an RAI response regarding the
DHRS. Which version of Draft Revision 3, Test #48 should the staff consider valid?

NuScale Response:
The version of Table 14.2-48, “Decay Heat Removal System Test # 48,” provided in the RAI
9570 response is the valid version.

NRC Question 10.0:

Plant Lighting System Test #60: Test Acceptance Criteria (ii)a does not address the MCR safety
display information panel. Instead, it makes reference to the auxiliary panel in the RSS. This is
not consistent with the test objective nor ITAAC 03.08.02. Explain or correct the test abstract
accordingly.

NuScale Response:
Table 14.2-60, “Plant Lighting System Test # 60,” has been revised to change RSS to MCR.

NRC Question 10.1:

The Acceptance Criteria makes reference to 1 foot candle in the areas outside the MCR and
RSS and ITACC 03.08.03. The 1 foot candle is not consistent with table 9.5.3-1. Additionally,
the value of 1 foot-candle in not justified nor a basis provided for the value. The NRC staff
issued an RAI as this value is not consistent with NUREG -0700.

NuScale Response:

The Design Commitment associated with NEI 15-02 standardized ITAAC E24, NuScale Tier 1
ITAAC 03.08.03, and the associated preoperational test (iii) found in Tier 2 Table 14.2-60, “Plant
Lighting System Test # 60,” are based on the following RG 1.189 Section 4.1.6.2, Postfire Safe
Shutdown, guidance:

Fixed, self-contained lighting consisting of fluorescent or sealed-beam units with
individual 8-hour minimum battery power supplies should be provided in areas needed
for operation of safe-shutdown equipment and for access and egress routes to these
areas.

The associated illumination requirements are found in NFPA 804 Section 8.6.4, and are outside
of the guidance found in NUREG-0700. NFPA 804 states:

The floor of the means of egress and the safe shutdown operations shall be illuminated
to values of not less than 1 footcandle measured at the floor and at safe shutdown
equipment at all points, including the following:

(1) Angles

(2) Intersections of corridors
(3) Passageways

(4) Stairways

(5) Landings of stairways
(6) Exit doors
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(7) Safe shutdown equipment
(8) Access and egress routes to safe shutdown equipment

This represents guidance that is outside and separate from the guidance provided in NUREG-
0700, and does not conflict with any PLS design feature described in Section 9.5.3.
Furthermore, the entry in Table 9.5.3-1 that was thought to be in conflict with the ITAAC and
preoperational test acceptance criteria had been deleted from the table.

Table 14.2-60, “Plant Lighting System Test #60,” has been revised to add a note in the
prerequisite section to point to the requirements in NFPA 804.

NRC Question 10.2:

RAI 09.03.11 talks about the Emergency Lighting level in other areas. Table 9.5.3-1, “Plant
lllumination Levels,” made reference that for other lighting in the plant the level was 2 foot-
candle. In the RAI the staff requested clarification because the 2 foot-candle level was not clear
where it came from. In table 14.2-60 item (5) requests to evaluate the lighting level around the
Reactor Building. Then the Acceptance Criterion for test objective item (iii), states that the:
...areas are illuminated at least with one foot-candle. Under section 9.5.3 of the FSAR these
areas have a minimum level of 2 foot-candle and not one foot-candle. As part of the response to
the RAI NuScale agreed to remove the requirement of 2 foot-candle and committed to meet the
requirements in NUREG 0700. Also, the text and the reference related to the 2 foot-candle
requirement has been removed from Section 9.5.3. Section 9.5.3 does not make reference to
NFPA 0804, which is what NuScale proposed to be added to Table 14.2-60 to justify the value
of one foot-candle under the Acceptance Criterion to item (iii). The reference in table 14.2-60
and ITAAC 03.08.03 to NFPA-0804 contradict Section 9.5.3 as revised. In the latest proposal to
Section 9.5.3 NuScale commits to NUREG 0700. Why is Table 14.2-60 not in alignment with
Section 9.5.3?

NuScale Response:
Section 9.5.3 will be updated to reference NFPA-804 requirement via RAI 9311, Question
09.05.03-S2S.

NRC Question 11.0:

#63-2, #63-5, and #63-9: These tests indicate “not used.” At the previous public meeting on
November 28 it was discussed that justification/evidence should be provided to clarify removal
of the test.

NuScale Response:

The following provides a summary of the changes made to Table 14.2-63: “Module Protection

System Test # 63”:

o System functions were identified that are tested, but were not specifically inventoried. As

a result, these functions were added to the MPS Test #63 test abstract system functions,
and linked to their associated tests through the “Functions Verified by Test #” column.
For example, function 25 (The CVCS supports the RCS by providing primary coolant
makeup in beyond design basis events) and function 26 (The CFDS supports the RCS
by providing borated coolant inventory for the removal of core heat during a beyond

NuScale Power, LLC
1100 NE Circle Blvd., Suite 200  Corvallis, Oregon 97330  Office 541.360-0500  Fax 541.207.3928
www.nuscalepower.com



Attachment

NuScale Responses to ITP LO-0119-64396

Questions Page 9 of 22

design basis accident) were added because both functions will be demonstrated by Test
#63-11.

¢ All MPS factory acceptance testing (FAT) and site acceptance testing (SAT) will be
completed prior to turnover of the system for preoperational testing. As a result, all MPS
logic testing and MPS component testing will be performed during FAT and SAT, and
are not required to be re-performed as part of preoperational testing. MPS system level
tests were impacted as follows:

O

System Level Test #63-2: This test was solely logic testing that will be conducted
during FAT/SAT and was deleted in its entirety from Test #63.

System Level Test #63-3: This test previously contained three objectives. The
first two objectives are tested in FAT/SAT, and were deleted from the test. The
third objective involves verification of MCR alarms and was retained and revised,
but relocated to System Level Test #63-10, Test Objectives i. and ii. Additionally,
a new test for stroke time verification of the ECCS RVVs and RRVs was
identified, and rather than creating a system level test number, System Level
Test #63-3 was repurposed for the stroke time test.

System Level Test #63-4: This test previously contained two objectives for
testing MPS logic. Both are tested as part of FAT/SAT, and were deleted from
the test. Additionally, a new test for stroke time verification of the DHRS actuation
valves was identified, and rather than creating a system level test number,
System Level Test #63-4 was repurposed for the stroke time test.

System Level Test #63-5: This test previously contained two objectives for
testing the MPS reactor trip function. The switches used to manually initiate a
reactor trip and the reactor trip breakers used to test objective i. are part of the
MPS. Test objective ii. tests logic and the reactor trip breakers. Both objectives
are tested in their entirety during FAT/SAT. This test was deleted.

System Level Test #63-6: This test previously contained three objectives. The
third objective was exclusively logic testing that will be conducted during
FAT/SAT, and the objective was deleted from Test #63.

System Level Test #63-9: This test is performed as part of FAT/SAT and was
deleted in its entirety from Test #63.

System Level Test #63-10: This test previously contained two objectives. The
first objective is tested during FAT/SAT and was replaced by the third objective
from System Level Test #63-3 (see description of System Level Test #63-3
above). The previous objective ii on System Level Test #63-10 was retained and
moved to Test Objective iii.

System Level Test #63-11: In previous discussion, NRC Staff indicated that it
was not clear this test intended to test both divisions and trains of equipment that
could be used to perform NuScale’s IHAs. The test was significantly revised to
provide the requested clarification.
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NRC Question 11.1:
#63-6: Several items have been identified as having a terminology mismatch. Explain or correct
abstract accordingly:
o Table 7.1-4 states “high narrow range containment pressure;” is it “narrow range
containment pressure” in table 7.1-2?
o Table 7.1-4 states “low low pressure level;” is it “pressurizer pressure” in table 7.1-27?
e Table 7.1-4 states “low AV voltage to battery charger;” is it “EDSS bus voltage” in table
7.1-27?
o Table 7.1-4 states “high containment water level;” is it “containment water level” on table
7.1-27? One table is in percent while the other is in inches of elevation of water.
e Table 7.1-4 states “low ELVS voltage 24-hour timer;” is it “ELVS voltage” in table 7.1-27?
Analytical limit is in 24 hours while the other table requires volts.
¢ More examples may be indicated in tables 7.1-4 and 7.1-2

NuScale Response:

Table 7.1-2, “Variables Monitored by Module Protection System,” provides a list of the variables
monitored by the MPS and the range over which those variable are monitored. Table 7.1-4,
“‘Engineered Safety Feature Actuation System Functions,” describes the state of the variables
monitored by MPS that would result in an ESFAS actuation. For example, Table 7.1-2 lists
“Main Steam Pressure (DHR Inlet Pressure)” as a variable monitored by MPS and lists a range
of “0 to 1200 psia, while Table 7.1-4 lists “Low Main Steam Pressure, Low Low Main Steam
Pressure, and High Main Steam Pressure” with analytical limits of 300 psia, 100 psia, and 800
psia, respectively, as causing a DHRS actuation.

The two tables are providing related but different information, and are not in conflict.

NRC Question 12.0:

Safety Display and Indication System Test #66: The Prerequisites do not require or state that,
“A complete staging and testing of system hardware and software configurations will be
conducted. This factory acceptance testing [FAT] will be conducted in accordance with a written
test procedure for testing the software and hardware of the SDIS prior to installation in the plant.
Following installation, site acceptance testing [SAT] shall be completed in accordance with
developed procedures to ensure the SDIS is installed and fully functional as designed. This
testing must be completed and approved prior to performing preoperational testing.” As stated in
part, in Section 7.2.1, “Quality of the FSAR, “Software development and QA controls are applied
to the following safety-related and nonsafety-related 1&C systems: MPS, SDIS, ICIS, PPS,
MCS, PCS, RMS, general 1&C SSCs that contain embedded digital devices. It would appear
NuScale is proposing to change the QA controls originally specified for the SDIS when
compared to the testing of other I&C equipment for the ITP.

NuScale Response:
Table 14.2-66, “Safety Display and Indication System Test #66,” has been revised to add a
prerequisite for factory and site acceptance testing.

Update: In a public meeting held 12/18/18, NRC Staff stated that if the statement “The testing
and installation of digital 1&C systems includes factory acceptance testing and site acceptance
testing which is completed as part of construction and installation tests performed prior to
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preoperational tests” in Section 14.2.1.1 was intended to be a generic prerequisite statement, it
is confusing to have a factory and site acceptance testing prerequisite statement in the
individual test abstracts. As a result, Table 14.2-66, “Safety Display and Indication System Test
#66,” and Table 14.2-63, “Module Protection System Test #63,” have been revised to remove
the factory and site acceptance testing prerequisite statements. Additionally, the above
statement from Section 14.2.1.1 was revised as follows:

e areference to FSAR Section 7.2.1 was added
¢ wording to clarify factory and site acceptance testing are prerequisite to preoperational
testing was added

The statement now reads as follows:

The testing and installation of digital I&C systems is described in FSAR Section 7.2.1,
and includes factory acceptance testing and site acceptance testing which is completed
as part of construction and installation tests performed prior to, and as a prerequisite of,
preoperational tests.

NRC Question 13.0:

Steam Generator Flow-Induced Vibration Test #72: The Steam Generator (SG) Flow-Induced
Vibration Test indicates that validation testing is performed at test facilities as separate effects
tests and that there are no preoperational tests for the SG. Typically design certification
applicants have performed vibration testing during power ascension. Explain why this is not
being done or update the abstract accordingly.

NuScale Response:

Table 14.2-72 “Steam Generator Flow-Induced Vibration Test # 72,” is being performed at a test
facility to provide higher quality and quantity of testing data. The two phenomena of most
concern occur at flow rates higher than our licensing basis allows, so performing in a test facility
allows us to test at flow rates in excess of our licensing basis to observe the onset of the
phenomena and thus quantify our safety margins.

NRC Question 14.0:

Initial Fuel Load Test (Test #76): Test 76 should include a prerequisite on NMS neutron count
rate. RG 1.68, Section A-3, states that, “A neutron count rate of at least 2 counts per second
should register on the startup channels before startup begins, and the signal to noise ratio
should be known to be greater than 2.” This is to ensure accurate readings over background
noise.

NuScale Response:

The RG 1.68 statement referenced in the question comes from Section A-3, Initial Criticality,
while Table 14.2-76, “Initial Fuel Load Test # 76,” is applicable to initial fuel loading. However,
RG 1.68 Section C-2 provides prerequisite guidance for fuel loading. While this guidance is
specifically intended for inclusion in detailed fuel loading procedures, Table 14.2-76 has been
revised to add the prerequisite “The nuclear instrumentation system is calibrated and operable.”
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NRC Question 15.0:

Control Rod Assembly Ambient Temperature Full-Height Drop Time Test #81A: The
Prerequisites states that, “The RCS is at ambient temperature.” The test is expected to be
conducted prior to heat-up. However, Test #81 with the RCS at ‘hot zero power’ (RCS at normal
operating pressure and RCS temperature at the maximum temperature obtainable when heated
only by the MHS). It would seem that in the sequence of testing, this particular test is out of
order with what the status of the RCS temperature would be. Also, it may be prudent to define
what is meant by ‘ambient temperature’ to ensure the test is conducted at the proper
temperature.

NuScale Response:

Table 14.2-81A, “Control Rod Assembly Ambient Temperature Full-Height Drop Time

Test #81A,” has been revised to state “cold temperature conditions”, as used in RG 1.68, vice
“ambient temperature.”

NRC Question 16.0:

Initial Criticality Test (Test #83): Test 83 should include a prerequisite on NMS neutron count
rate. RG 1.68, Section A-3, states that, “A neutron count rate of at least 2 counts per second
should register on the startup channels before startup begins, and the signal to noise ratio
should be known to be greater than 2.”

The Prerequisites do not state to verify that the status of the control rods in the core are at the
all rods in position prior to initiation of the test. Clarify if the intent is to start initial criticality with
verifying all rods are in the core.

NuScale Response:

Table 14.2-83, “Initial Criticality Test # 83,” has been revised to add the prerequisite, “A neutron
count rate of at least 1/2 counts per second registers on the startup channels, and the signal to
noise ratio is greater than 2.”

Prerequisite (vii) requires all rods to be fully inserted prior to commencing the test.

NRC Question 17.0:

Neutron Monitoring System Power Range Flux Calibration Test (Test #92): Is the intent to
calibrate the excore instrumentation with the incore instrumentation? Typically calibration is
done via a heat balance.

NuScale Response:

Table 14.2-92, “Neutron Monitoring System Power Range Flux Calibration Test # 92,” Test
Method (i) has been revised to require heat balance data to be recorded during the test. The
detailed method for calibrating the excore instrumentation using the recorded data will be
described in the detailed test procedure.
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NRC Question 18.0:

Reactor Coolant System Flow Calibration Test #94: The Prerequisites do not state how the
power measurement will be achieved. For instance, if power measurement will be by the NMS
flux, clarify that the MNS flux calibration is a prerequisite.

NuScale Response:
Table 14.2-94, “Reactor Coolant System Flow Calibration Test # 94,” has been revised to add a
prerequisite for NMS calibration.

NRC Question 19.0:
Step Change in Load Demand Test #101: Clarify how the dynamic response of Test #101 is
evaluated. Update the abstract accordingly.

NuScale Response:

In table 14.2-101, “Step Change in Load Demand Test # 101,” dynamic response is evaluated
based on parameter maintaining within design limits. The controllers will be programmed to
maintain system parameters whether it is a small or large change in power.

NRC Question 19.1:

The stresses generated under Test #101 are more significant than the stresses generated
under Test #100. If Test #100 include piping vibration testing, explain why Test #101 does not
include vibration testing?

NuScale Response:

Piping vibration is evaluated via two methods; observation for indications of water hammer
during transient conditions and steady-state piping vibration measurements. Because the
steady-state conditions are identical for Test #100 and Test #101, either test may include the
vibration measurements, while it is appropriate to include observations for water hammer in both
tests. Table 14.2-100, “Ramp Change in Load Demand Test # 100,” acceptance criterion (viii)
has been revised to provide clarification.

NRC Question 19.2:
In order to perform Test #101, the expectation is that power will be reduced below 25% or this
test will be performed after a reactor trip. Provide a prerequisite clarifying this information.

NuScale Response:
The sequence of power ascension testing will be determined as required by Table 14.2-90,
“Power-Ascension Test # 90.” This makes a prerequisite unnecessary.

NRC Question 20.0:
Island Mode tests: Specify service unit generator in test #105 and service unit turbine generator
in test #106. Explain the difference and what is meant by the two terms.

NuScale Response:
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Island Mode Tests #105 and #106 both reference Section 8.3.1.1.1, which states, “The service
unit is a pre-selected unit (a single NPM and turbine generator combination) that provides power
to plant house loads upon automatic transfer to island mode.” The service unit turbine generator
is therefore a subset of the service unit.

NRC Question 21.0:
Remote Shutdown Workstation Test (Test #107): The test was removed without justification.
Explain.

NuScale Response:
A review of the test objectives of table 14.2-107, “Remote Shutdown Workstation Test #107,”
revealed that all testing was redundant to existing tests.

The first test objective, “Verify the NPM safety-related controls can be disabled at the remote
shutdown station” is performed during factory and site acceptance testing as all components are
part of MPS.

The second test objective states, “Verify the NPM nonsafety-related controls are functional at
the remote shutdown station.” From RP-0316-17619, Human-System Interface Design Results
Summary Report Section 4.6.3:

“The suite of HSI display pages used to provide the alarms, indications, procedures and touch
controls to the MCR are available in the RSS. The operators will be provided a set of MCS and
PCS displays identical to the MCS and PCS displays in the MCR which include the process
variables necessary to monitor safe shutdown of multiple modules via the navigation schema
designed by NuScale.”

Controls at the RSS are redundant to the controls in the MCR, and MCS and PCS controls are
tested throughout factory acceptance testing, site acceptance testing, and preoperational
testing; therefore, testing the controls at the RSS is redundant testing.

The third test objective states, “Verify each fully withdrawn CRA satisfies the CRA drop time
acceptance criteria with the reactor operating at 10 — 20 percent reactor thermal power.” CRA
drop times are obtained in Tests #81, #81A, and #104. This test objective was created to
address Regulatory Guide 1.68 recommendation to measure CRA drop when reactor trips are
conducted as part of testing. Since CRA drop times are already tested elsewhere and with the
rest of Test #107 removed, this objective is no longer necessary.

Table 14.2-61, “Module Control System Test #61,” and Table 14.2-62, “Plant Control System
Test #62,” have been revised to include a discussion regarding the verification of the ability to
activate MCS and PCS displays and controls during site acceptance testing. Additionally,
although not part of the MCS or PCS, a description of the verification of the ability to isolate the
safety-related MCR manual switches from the RSS during MPS factory and site acceptance
testing will be added to the aforementioned tables for clarity and completeness.

NRC Question 22.0:
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100 Percent Load Rejection Test (Test #103): The acceptance criteria previously contained
information regarding the turbine generator bypass valve. Does one of the control systems
indicated include the turbine bypass system? Explain the removal.

NuScale Response:

The previous criterion referenced stated, “The turbine generator bypass valve opens and
modulates steam flow to the condenser to maintain steam generator pressure.” The key
attribute of this acceptance criterion was the ability to maintain steam generator pressure. This
was incorporated into the new acceptance criterion which verifies “The plant automatic control
systems, with no manual intervention, maintain the following parameters within design limits
during and following the transient: f. SG pressure.” However, to ensure clarity, Table 14.2-103,
“100 Percent Load Rejection Test # 103,” has been revised to return the above statement
regarding bypass valve operation to the acceptance criteria.

NRC Question 22.1:
The acceptance criteria requires a check for water hammer indications. Should this test
consider piping vibration test as a part of the dynamic response evaluation of the plant?

NuScale Response:

The NuScale design includes 100% turbine bypass capability on a load reject. As a result, this
test has minimal impact on the piping within the scope of vibration testing. For this reason,
vibration testing was not included as part of the dynamic response evaluation.

NRC Question 23.0:

Table 14.2-102, test objective (ii), states that the dynamic response of the plant for the loss of
the high pressure feedwater heater will be assessed. Under the Acceptance

Criteria section is not clear how this will be evaluated to meet the requirements of the test
objective (ii). Please provide clarification

NuScale Response:

Table 14.2-102, “Loss of Feedwater Heater Test # 102,” Acceptance Criterion (iv) states, “The
plant automatic control systems, with no manual intervention, maintain the following parameters
within design limits during and following the transient,” and provides a list of 14 parameters to
satisfy. This will evaluate the dynamic response of the control systems to the transient, as well
as verify their ability to respond as designed.

NRC Question 23.1:
To have a successful test, it is the intent of Test# 102 to generate a signal simulating the
ESF (AOOQ), by reaching a set limit as a result of a loss of feedwater heating.

NuScale Response:
Table 14.2-102, “Loss of Feedwater Heater Test # 102,” is written per the guidance provided in
RG 1.68 Section A-5, step kk, which states:

Demonstrate that the dynamic response of the plant is in accordance with design for the
loss or bypass of the feedwater heater(s) from a credible single failure or operator error
that would result in the most severe case of feedwater temperature reduction (50
percent, 90 percent).
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For the NuScale design, this describes a condition in which an operator error results in the
isolation of extraction steam to the high pressure feedwater heater. This transient does not
result in an ESF actuation.

NRC Question 24.0:

Test #41-1 Obijective is to verify the automatic operation of the CES to establish and maintain
design vacuum for the CNV. The Associated Acceptance criteria states that the automated
control establishes and maintains vacuum in the CNV.

Is there a design pressure that needs to be verified? FSAR Section 6.2.2 states that under
normal operating conditions, the interior of the CNV is maintained in a dry condition under
vacuum (<1 psia). Should this value be added to the Acceptance Criteria?

NuScale Response:
The Table 14.2-41, “Containment Evacuation System Test # 41,” Test #41-1 acceptance criteria
was revised to add the statement “within the design limit per Section 6.2.2.”

NRC Question 24.1:

Test 41-4 Obijective is to verify, in part, that the CES level instrumentation supports leak before-
break leakage detection. The associated Acceptance Crtieria states that the CES detects a level
increase in the CES sample tank, which correlates to a detection of an unidentified leakage rate
of one gpm within one hour.

FSAR Section 5.2.5.1 Leakage Detection and monitoring states The CES condensate
monitoring system can detect an RCS leak rate of less than 1 gpm within one hour and has a
minimum detectable leak rate of less than 0.05 gpm. Is the minimum detectable leak rate tested
as part of the system testing?

NuScale Response:

The discussion regarding 0.05 gpm is referring to the minimum sensitivity of the equipment used
to detect a change in flow rate into the sample vessel. This attribute is verified as part of
instrument calibration, rather than through a system level test.

To test the overall system’s ability to detect and alert the Operators to a leak into the CNV, the
one gpm within one hour criteria is used.

NRC Question 24.2:

FSAR Section 9.3.3, Containment Evacuation System and Containment Flooding and Drain
System, States in part that the CES supports the plant sampling system (PSS), as described in
Section 9.3.2 providing a suction and return path for continuous monitoring of hydrogen and
oxygen concentration in the containment atmosphere; support post-accident monitoring,
providing a suction path for post-accident monitoring of hydrogen and oxygen concentration in
the containment atmosphere as described in Section 9.3.2. The return path for monitoring of
hydrogen and oxygen concentration in the containment atmosphere is the CFDS; and support
post-accident sampling, providing grab sample capability of the containment atmosphere using
the CES particulate, iodine, and gaseous radiation monitor, as described in Section 9.3.2.
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Test Abstract 41 does not address these functions. How are these functions being tested during
ITP?

NuScale Response:
The following functions are located in Table 14.2-53, “Process Sampling System Test # 53”:
e The PSS supports the CNTS during normal operations by providing sampling of
containment gas and analysis of hydrogen and oxygen concentration in containment.
e PSS supports the CNTS during accident condition by providing sampling of containment
gas and analysis of hydrogen and oxygen concentration in containment to respond to
emergencies.

Test #53-2 tests the ability of the system to continuously monitor the containment atmosphere.
For both accident and normal conditions the same sensors and line is used. The difference
between the two samples is the discharge location of the sample flow. During normal conditions
the sample flow is directed back to the CES, and then to the Reactor Building ventilation system
or the gaseous radioactive waste system. Under accident conditions the discharge is directed
back to the containment via the containment fill and drain system. The discharge flow path is
determined by a remotely operated three-way solenoid valve. Operation of this valve is tested in
Table 14.2-53: “Process Sampling System Test #53,” component level test (i).

A grab sample is obtained within the CES. Located on the CES piping is an off-line particulate,
iodine, and noble gas monitor. This monitor is described in DCA section 11.5, and is identified
on Table 11.5-1 under the CES heading. These monitors are similar to those on other gaseous
systems and provide a connection with which to draw a grab sample. The ability to obtain a grab
sample is tested in Table 14.2-41: “Containment Evacuation System Test #41,” component level
test (viii).

NRC Question 25.0:

Test Objectives 42-1 and 42-2 are to verify that the CFDS can automatically flood and drain the
CNTS in preparation for refueling and plant startup operations. The Associated Acceptance
criteria states that the CNTS is flooded or drained as a result of the test activities. Are there
more explicit acceptance criteria associated with either flow rates or minimum or maximum
volumes per unit time for these operations specified or required to verify adequate system
performance?

NuScale Response:
There are not requirements for flowrates or time to fill or drain the containment.

NRC Question 26.0:

Several System Functions associated with test abstract 43 regarding CNTS support of DHRS,
RCS, or RXB system functionality by closing Containment Isolation Values (CIVs) refers the
reader to Test Abstract 63-6. Stroke times for closure of the ClVs is important for ensuring plant
features adequately limit radioactive releases in accordance with the design
requirements/specifications. Test Abstract 63-6 does not appear to test or record stroke times
for closure of the CIVs. Are stroke times for CIV closure recorded and evaluated to confirm
closure times limit potential radioactive release in accordance with design
requirements/assumptions?

NuScale Response:
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Table 14.2-63: “Module Protection System Test #63,” Test #63-7 verifies the stroke times of the
containment isolation valves.

NRC Question 27.0:

Test #108: The staff would like to discuss the RCS and vibration testing. We understand that
some of the concerns from the staff may be addressed by TR-0918-60894, “NuScale
Comprehensive Vibration Assessment Program Measurement and Inspection Plan Technical
Report.” Does NuScale intend to reference this TR in the ITP?

NuScale Response:
Tables 14.2-44, 14.2-45, 14.2-72, and 14.2-108, and section 14.2.3.3, were updated to
reference TR-0918-60894.

NRC Question 28.0:

Regarding Table 14.2-9, “Auxiliary Boiler System Test Test #9,” there should be a test to ensure
that the Auxiliary Boiler blowdown to the waste system is sufficiently cooled to prevent damage
to the liquid radwaste system components.

NuScale Response:

During normal operation ABS blowdown is directed through the aux boiler blowdown coolers to
a tank in the balance-of-plant drain system. If a high radiation condition is detected, the BPDS
that normally pump the water from the tank trip and the blowdown flow path isolates. If
necessary, Operators could align the BPDS tank to be pumped to LRWS, but this will not occur
automatically. Prior to conducting this evolution, the Operators can verify the temperature of the
blowdown out of the coolers if there is any reason to believe temperatures might be too high for
transfer to the LRWS.

Because this is controlled by the Operators, and there is no urgent need to transfer the contents
of the BPDS tanks to LRWS, a test for the adequacy of cooling to ensure LRWS components
are not damaged is not necessary.

NRC Question 28.1:

Regarding Table 14.2-19, “Normal Control Room HVAC System Test #19,” since RG 1.52 is not
applicable, and the requirements are not in the technical specifications, there should be a test to
make sure that the charcoal meets the minimum efficiency needed to demonstrate compliance
with the design criteria.

NuScale Response:

Table 14.2-19, “Normal Control Room HVAC System Test #19,” prerequisite (iii) states:

“Verify CRVS high-efficiency particulate air (HEPA) and charcoal adsorbers have been installed
and tested and the test records have been approved.”

DCA Section 9.4.1.2.1 describes the CRVS air filtration units, which include the charcoal
adsorbers. Additionally, the same section states that the “Components of the AFU are designed,
constructed, and tested in accordance with Section C.4 of RG 1.140.” RG 1.140, Design,
Inspection, and Testing Criteria for Air Filtration and Adsorption Units of Normal Atmosphere
Cleanup Systems in Light-Water-Cooled Nuclear Power Plants, provides the testing
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requirements referenced in the prerequisite for Test #19. No changes to Test #19 are
necessary.

NRC Question 28.2:

Regarding Table 14.2-41, “Containment Evacuation System Test #41,” there doesn’t appear to
be a test related to demonstrating that the liquid radioactive waste management system can
receive liquid from the containment evacuation system.

NuScale Response:

Liquid is collected in the CES by the CES sample tank. This tank gravity drains to the
radioactive waste drain system via an air-operated valve. Operation of the valve is tested in
component level test i.

The ability of the liquid radwaste system to receive and process water from the radioactive
waste drain system is tested in Table 14.2-23, “Radioactive Waste Drain System Test # 23,7
system level test #23-1, and Table 14.2-35, “Liquid Radioactive Waste System Test # 35,”
system level test #35-2.

NRC Question 28.3:

Regarding Table 14.2-95, “Radiation Shield Survey Test #95,” there should be a test to include
neutron attenuation testing of the bioshield vertical plate borated polyethylene blocks. This test
may be needed as a base line for future testing of the attenuation of the borated polyethylene
blocks, as the neutron attenuation capability of the borated polyethylene could degrade over
time.

NuScale Response:

Table 14.2-95, “Radiation Shield Survey Test # 95,” has been revised to address initial startup
shielding surveys of accessible areas of the RXB in accordance with ANSI/ANS-6.3.1, “Program
for Testing Radiation Shields in Light Water Reactors (LWR),” as endorsed by the NRC in
Regulatory Guide 1.68, “Initial Test Programs for Water-Cooled Nuclear Power Plants,” via
Regulatory Guide 1.69, “Concrete Radiation Shields and Generic Shield Testing for Nuclear
Power Plants.”

The vertical plate of the borated polyethylene is one piece of multiple shields and potential
streaming paths that will be evaluated and surveyed in accordance with previous mentioned
regulatory guidance for reactor shielding initial startup testing, and therefore does not require
specific identification in the test abstract.

NRC Question 28.4:

Regarding Table 14.2-95, “Radiation Shield Survey Test #95,” while there is a test to verify the
adequacy of concrete radiation shielding from sources in the reactor vessel, there should also
be radiation surveys of other areas of the plant that are expected to contain radioactive material,
such as the CVCS system (at 50% and 100% power). The purpose of the surveys include to
evaluate the shielding design, access controls, and the identification of high-radiation zones.

NuScale Response:
Table 14.2-95, “Radiation Shield Survey Test # 95,” has been revised to address initial startup
shielding surveys of accessible areas of the RXB in accordance with ANSI/ANS-6.3.1, “Program
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for Testing Radiation Shields in Light Water Reactors (LWR),” as endorsed by the NRC in
Regulatory Guide 1.68, “Initial Test Programs for Water-Cooled Nuclear Power Plants,” via
Regulatory Guide 1.69, “Concrete Radiation Shields and Generic Shield Testing for Nuclear
Power Plants.” In accordance with ANSI/ANS-6.3.1, initial testing of radiation shielding will be
coordinated with the routine operation surveys of the Radiation Protection Program to ensure
access control to High Radiation and Very High Radiation Areas are in accordance with RG
8.38, Control of Access to High and Very High Radiation Areas in Nuclear Power Plants.
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Table of Acronyms

Acronym or Abbreviation Description

ABS Auxiliary boiler system

AFU Air filtration unit

BPDS Balance of plant drain system

CAR Condenser air removal

CVCS Chemical and volume control system

CES Containment evacuation system

CFDS Containment flooding and drain system

Clv Containment isolation valve

CNTS Containment system

CNV Containment vessel

CPS Condensate polishing system

CRA Control rod assembly

CRDS Control rod drive system

CRVS Normal control room HVAC system

DHRS Decay heat removal system

ECCS Emergency core cooling system

EDSS Highly reliable DC power system

ELVS Low voltage AC electrical distribution system

ESF Engineered safety feature

ESFAS Engineered safety features actuation system

FAT Factory acceptance testing

FSAR Final Safety Analysis Report

FWS Feedwater system

HEPA High efficiency particulate air

HP High pressure

HSI Human-system interface

ICIS In-core instrumentation system

IHA Important human action

ITAAC Inspections, Tests, Analyses, and Acceptance
Criteria

ITP Initial test program

LP Low pressure

LRWS Liquid radioactive waste system

LWR Light Water Reactor

MC Main condenser

MCR Main control room

MHS Module heatup system

MPS Module protection system

NFPA National Fire Protection Association

NMS Neutron monitoring system

NPM NuScale Power Module

PCS Plant control system

PLS Plant lighting system

PPS Plant protection system
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PSCS Pool surge control system
PSS Plant sampling system
RCS Reactor coolant system
RG Regulatory Guide
RMS Fixed area radiation monitoring system
RRV Reactor recirculation valve
RSS Remote shutdown station
RVI Reactor vessel internals
RVV Reactor vent valve
RXB Reactor Building
SAT Site acceptance testing
SDIS Safety display and indication system
SG Steam generator
SSC Structures, systems, and components
TG Turbine generator
UHS Ultimate heat sink
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NuScale Final Safety Analysis Report Initial Plant Test Program

* wiring continuity and separation checks

The testing and installation of digital I&C systems is described in FSAR Section 7.2.1,
and includes factory acceptance testing and site acceptance testing which is
completed as part of construction and installation tests performed prior to,and as a
prerequisite of, preoperational tests. Factory acceptance tests are performed during
the digital I&C system testing phase described in FSAR Section 7.2.1.1.3.1. Site
installation and checkout activities are performed as part of the integrated site
acceptance testing during the system installation phase as described in

FSAR Section 7.2.1.1.3.2. Software integration and testing is governed by the NuScale
Digital 1&C Software Master Test Plan described in FSAR Section 7.2.1.2.8.

14.2.1.2 Preoperational Test Phase Objectives

Preoperational tests are performed to demonstrate that SSC operate in accordance

with design requirements so that initial fuel loading, initial criticality, and subsequent

power operation can be safely undertaken. The objectives of the preoperational test
phase are to

e demonstrate that SSC will perform their functions in accordance with their design
during the preoperational test phase.

¢ verify and demonstrate expected operation following a loss of power sources and
in degraded modes for which the systems are designed to remain operational.

e test the backup power supply system (BPSS) to ensure that backup sources of
alternating current (AC) electrical power are available when the normal AC power
sources are not available.

¢ verify and demonstrate the operational readiness of valves and dynamic restraints
before relying on those components to perform their safety functions.

e perform inspections or testing for flow-induced vibration loads on components
that must maintain their structural integrity.

e obtain baseline test and operating data on equipment and systems for future
reference.

e operate equipment for a sufficient period of time to achieve normal equilibrium
conditions (e.g., temperatures and pressures) so that design, manufacturing, and
installation defects can be detected and corrected.

* ensure to the extent practical plant systems operate properly on an integrated
basis.

¢ evaluate normal, abnormal, and emergency operating procedures to the extent
practical.

e demonstrate equipment performance.

* test, as appropriate, manual operation and automatic operation of systems and
their components.

* test the proper functioning of controls, permissives, interlocks, and equipment
protective devices for which malfunction or premature actuation may shut down
or defeat the operation of systems or equipment.
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14.2.3.3

e Important Human Actions for CVC addition of water to the reactor coolant system

Credit is taken for the logic testing performed for the nonsafety-related module control
system (MCS) described in Section 7.0.4.5, and the nonsafety-related plant control
system (PCS) described in Section 7.0.4.6. Therefore, if the component is controlled by
MCS or PCS, the component-level logic testing in the preoperational test is limited to
the testing of component-level design features described below (if the design feature
is applicable to the system) unless the preoperational test verifies an ITAAC. The
component tests are standardized to provide the same level of test detail across all
systems. This graded approach does not affect system-level tests which require
integrated system operation. The standardized component tests are:

* Remote operation of equipment.

e Manual control of variable-speed pump or fan.

e Automatic start of standby pump or fan.

e Automatic operation of pump recirculation valve.

e Pump start does not create a water hammer.

* Remote operation of valve or damper.

e Valve or damper fails to its safe position on loss of air.

e Valve or damper fails to its safe position on loss of electrical power to its solenoid.
e Damper or fan responds to fire or smoke alarm.

e Equipment response to automatic signals to protect plant equipment.
e Automatic operation of tank or basin level control valve.

e Local grab sample can be obtained from a system grab sample device.
e Automatic bus transfer via bus tie breaker.

e System instrument calibration.

e Each instrument is monitored in the MCR and the remote shutdown station (RSS), if
the signal is designed to be displayed in the RSS. (Test not required if the
instrument calibration verified the MCR and RSS display.)

e Equipment protection logic

Testing of First-of-a-Kind Design Features

First-of-a-kind (FOAK) tests are new, unique, or special tests used to verify design
features that are being reviewed for the first time by the NRC. The NuScale Power Plant
contains design features which are new and unique and have not been tested
previously; therefore, testing of these design features is treated as FOAK. For the FOAK
tests, the testing frequency is specified in the test abstract. The NuScale comprehensive
vibration assessment program is a FOAK program. The program is implemented
consistent with the requirements of the NuScale "Comprehensive Vibration
Assessment Program (CVAP) Technical Report", TR-0716-50439, Revision 1 and the
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RAI 14.02-1

RAI 05.04.07-7S1, RAl 14.02-1

RAI05.04.07-751

RAI 14.02-1

RAI 14.02-1

14.2.3.4

“NuScale Comprehensive Vibration Assessment Program Measurement and Inspection

Plan Technical Report,” TR-0918-60894, Revision 0. The CVAP is addressed in Section
3.9.2.

The following ITP test abstracts describe the on-site CVAP testing of FOAK design
features:

e Table 14.2-44: Control Rod Drive System Flow-Induced Vibration Test #44
* Table 14.2-45: Reactor Vessel Internals Flow-Induced Vibration Test #45

* Table 14.2-75: Steam Generator Flow-Induced Vibration Test #72.

e Table 14.2-108: NuScale Power Module Vibration Test #108

The test results for the CVAP program testing of the first NPM are to inform the required
CVAP testing on subsequent NPMs as described in Section 6.0 of TR-0716-50439. All
other ITP testing of FOAK design features is performed for each NPM, except as
described below.

Section 5.4.3.4 contains a description of the DHRS one-time in-situ RCS heat removal
test. The test will be performed per test abstract Table 14.2-48: Decay Heat Removal
System Test # 48.

Table 14.2-110 provides a summary of the ITP testing (i.e., preoperational and startup
testing) for new design features. Each test will be performed for all NPMs.

Section 1.5.1 contains a description of testing programs which have been completed or
are currently in progress for NuScale design features for which applicable data or
operational experience did not previously exist. The section describes tests specific to
fuel design, steam generator (SG) and control rod assemblies.

Generic Component Testing

Component testing is generally executed after a system’s transfer from the
construction organization to the startup organization. Generic component testing
executes standardized tests for a family of related component types, independent of
the component’s system assignment. Each generic component test procedure will be
completed and approved before the component is required as a prerequisite to a
preoperational test performance. The completion of generic component testing will be
listed as a prerequisite in each preoperational test procedure as applicable.

Examples of components that may require generic component testing are as follows:

¢ Mechanical Components

Tier 2
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Table 14.2-4: Pool Surge Control System Test # 4 (Continued)
System Level Test #4-1

Test Objective Test Method Acceptance Criteria
Verify PSCS automatic control for dry Align the PSCS for fill and drain of the dry |i.  Verify inventory addition to the
dock fill and drain. dock. PSCS tank.
Fill the dry dock to a level that allows ii. a. Pumpis stopped and return line
operation of the reactor inspection dry to pool surge control tank
dock evacuation pump. isolation valve is closed.
i. StartaPSCS pump.and- b. Pump is stopped and return line
ii. sSimulate the following PSCS to PSCS tank isolation valve is
conditions: closed.

a. Drydock low level Verify inventory addition to the dry

b. PSCtank high level dock.

iv. €PSCS tank main discharge line
isolation valve is closed.

Open PSCS tank main discharge line
isolation valve.

iv. eSimulate a Hhigh dry dock level.
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Table 14.2-25: Fire Protection System Test # 25

Preoperational test is required to be performed once, and is conducted in accordance with the applicable criteria in
codes and standards listed in Table 9.5.1-1.

The fire protection system (FPS) is described in Section 9.5.1 and the functions verified by this test are:

System Function

System Function Categorization

Function Verified by Test #

1. The FPS supports the following
buildings and systems by providing
fire prevention, detection, and
suppression.

+ RXB

- TGB

+ RWB

Security Buildings

- ANB

Diesel Generator Building
Administration and Training
Building

Warehouse Building

Fire Water Building
switchyard

site plant cooling structures
Central Utility Building

- CRB

13.8 KV and SWYD system (EHVS)
medium voltage AC electrical
distribution system (EMVS)
low voltage AC electrical
distribution system (ELVS)

+ RWBVS

« CRVS

« RBVS

nonsafety-related

Component-level tests

2. The FPS supports the CRB by
providing audible and visual alarms
to alert operators in the MCR.

nonsafety-related

Component-level test vii

Prerequisites

i. Verify an instrument calibration has been completed, with approved records and within all calibration due dates, for all
instruments required to perform this test.

ii. Verify a pump curve test has been completed for the fire protection pumps.

Component Level Tests

Test Objective

Test Method

Acceptance Criteria

i. Verify position indication for each
FPS manual valve with remote
position indication.

Operate each valve manually.

MCR display and local, visual
observation indicate each valve fully
opens and fully closes.

ii. Verify each FPS air-operated valve
fails to its safe position on loss of air.

Place each valve in its non-safe position.

Isolate and vent air to the valve.

MCR display and local, visual
observation indicate each valve fails to
its safe position.

iii. Verify each FPS air-operated valve
fails to its safe position on loss of
electrical power to its solenoid.

Place each valve in its non-safe position.

Isolate electrical power to each air-
operated valve.

MCR display and local, visual
observation indicate each valve fails to
its safe position.
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Table 14.2-26: Fire Detection System Test # 26

Preoperational test is required to be performed once, and is conducted in accordance with the applicable criteria in
codes and standards listed in Table 9.5.1-1.

The fire detection system (FDS) is described in Section 9.5.1 and the functions verified by this test are:

System Function

System Function Categorization

Function Verified by Test #

As described in Test Abstract Table 14.2-
25

nonsafety-related

As described in Test Abstract Table 14.2-
25

Prerequisites

As described in Test Abstract Table 14.2-25

Component Level Tests

As described in Test Abstract Table 14.2-25

System Level Tests

As described in Test Abstract Table 14.2-25
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Table 14.2-33: Turbine Generator System Test # 33 (Continued)

Component Level Tests

Test Objective

Test Method

Acceptance Criteria

i. Verify each TGS remotely-operated
valve can be operated remotely.

Operate each valve from the MCR and
local control panel (if design has local
valve control).

MCR display and local, visual
observation indicate each valve fully
opens and fully closes.

ii. Verify each TGS air-operated valve
fails to its safe position on loss of air.

Place each valve in its non-safe position.
Isolate and vent air to the valve.

MCR display and local, visual
observation indicate each valve fails to
its safe position.

iii. Verify each TGS air-operated valve
fails to its safe position on loss of

electrical power to its solenoid.

Place each valve in its non-safe position.
Isolate electrical power to each air-
operated valve.

MCR display and local, visual
observation indicate each valve fails to
its safe position.

Verify each TGS lube oil pump can be
started and stopped remotely.

Align the TGS to allow for main lube oil,
auxiliary lube oil, and emergency pump
operation.

Stop and start each pump from the MCR.

MCR display and local, visual
observation indicate each pump starts
and stops.

Audible and visible water hammer are
not observed when the pump starts.

v. Verify the TGS exhaust hood is
protected against high temperature.

Initiate a simulated high exhaust hood
temperature.

Any remote display or the local, visual
observation indicates the exhaust hood
spray valve is open.

vi. Verify TGS lubricating oil flow Align the TGS to allow for main lube oil  |MCR display and local, visual
capability by automatic start of the  |and auxiliary lube oil pump operation.  |observation indicate the auxiliary oil
auxiliary lube oil pump. Place the TGS main oil pump in normal  |pump starts.

service. Place the auxiliary oil pump in  |Audible and visible water hammer are
standby. not observed when the pump starts.
Simulate a TGS auxiliary oil pump start.

vii. Verify TGS lubricating oil flow Align the TGS to allow for auxiliary lube  |[MCR displays and local, visual

capability by automatic start of the
emergency direct current (DC) lube
oil pump.

oil pump and emergency lube oil pump
operation. Place the turbine generator
auxiliary oil pump in normal service.

Simulate a turbine generator emergency
oil pump start or simulate a loss of ac

observation indicate the TGS emergency
oil pump starts.

Audible and visible water hammer are
not observed when the pump starts.

viii. Verify the turbine stop valve and
turbine control valves close on
turbine overspeed.

power.

i. a. Simulatean overspeed trip signal |i
from the turbine overspeed
emergency trip system.

b. Record the stroke times of the
turbine stop valve and the
turbine control valves.

ii. a. Simulate an overspeed trip signal |ii
from the governor overspeed
detection circuit.

b. Record the stroke times of the

turbine stop valve and the
turbine control valves.

[

The turbine stop valve and
turbine control valves close.

(=3

Each turbine stop valve and
turbine control valve close
stroke time is within design
limits.

The turbine stop valve and
turbine control valves close.

o

(=3

Each turbine stop valve and
turbine control valve close
stroke time is within design
limits.

ix. Verify a local grab sample can be Place the system in service to allow flow |A local grab sample is obtained.
obtained from the gland seal through the grab sample device.
exhauster discharge grab sample
device.

x. Verify the turbine can be manually  [Manually trip the turbine from an The turbine stop valve and turbine
tripped. operator workstation in the MCR. control valves close.

Tier 2 14.2-82 Draft Revision 3




NuScale Final Safety Analysis Report

Initial Plant Test Program

Table 14.2-33: Turbine Generator System Test # 33 (Continued)

xi. Verify each TGS instrument is

available on an MCS or PCS display.
(Test not required if the instrument
calibration verified the MCS or PCS
display.)

Initiate a single real or simulated
instrument signal from each TGS
transmitter.

The instrument signal is displayed on an
MCS or PCS display, or is recorded by the
applicable control system historian.

System Level Test #33-1

Test Objective

Test Method

Acceptance Criteria

i. Verify the CVCS is capable of
supplying water at sufficient pressure

Close the ECCS valves.

to close the ECCS valves.
ii. Verify the MHS is capable of heating
the RCS to a temperature sufficient to
obtain criticality.
Verify the MHS is capable of heating
the RCS to establish natural
circulation flow sufficient to obtain
criticality.

ivii. Verify the TGS automatically controls
turbine bypass flow to the main
condenser.

iv. Verify the FWS automatically controls

flow to the SGs to maintain SG

inventory.

Verify the FWS automatically cools

the TGS bypass steam-flow in the

main steam desuperheater.

vii. Verify a local grab sample can be
obtained from an MHS system grab
sample device.

Vi.

viii. Verify the FWS automatically cools
the TGS gland steam in the gland
steam desuperheater.

ix. Verify hotwell level is automatically
controlled while receiving bypass
steam.

Align the plant to cool the RCS via the
TGS bypass system.

Warm main steam lines.

Place the TGS steam bypass valve in
automatic control.

Place the feedwater regulating valve in
steam generator inventory control.
Place the MHS and the CVCS in automatic
control to heat the RCS.

Place the ABS high-pressure system in
automatic control to heat the MHS heat
exchanger from RCS ambient
temperature to the highest temperature
achievable by MHS heating.

Align the FWS to cool the gland seal

steam desuperheater.

i. CVCS pressure is sufficient as
indicated by closure of the ECCS
valves.

ii. a.CVCS supply remainsina
sub-cooled state while heating
the RCS using the module heatup
system as verified by CVCS
temperature and pressure.

b. RCS temperature is sufficient to

obtain criticality.

RCS natural circulation flow is

sufficient to obtain criticality.

ivit. The TGS bypass flow-is-maintained.
maintains steam pressure at
setpoint.

iv. The feedwater flow to the steam

generator is maintained at setpoint.

The cooled TGS bypass

flewtemperature is maintained at

setpoint.

vii. A local grab sample is successfully
obtained at RCS normal operating
temperature and pressure.

viii. The cooled gland seal steam
temperature is maintained at
setpoint.

ix. Hotwell level is maintained at
setpoint while receiving bypass
steam.

Vi.

System Level Test #33-2

This test may be performed after the completion of Test 33-1 when the RCS is at normal operating pressure and the RCS has
achieved the maximum temperature achievable by warming the RCS using MHS heating.

Test Objective

Test Method

Acceptance Criteria

Verify the maximum main turbine speed
that can be obtained using the MHS to
heat the RCS.

Place the main turbine in service as
follows:

i. Ensure the RCS is at RESHsatnormal
operating pressure and the-RCS-is-at
maximum temperature achievable
by warming the RCS using MHS
heating.

ii. Place turbine on turning gear with
seal steam in service.

iii. Warm up turbine to required

temperature.

Increase main turbine speed.

The maximum main turbine speed is
obtained.
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Table 14.2-38: Chemical and Volume Control System Test # 38 (Continued)

System Level Test #38-1

Test Objective

Test Method

Acceptance Criteria

Verify proper operation of the automatic
pressurizer level control.

This test will be performed in

conjunction with turbine generator

test #33-1, which heats the RCS from

ambient conditions to no less than

4205°F but as high as reasonably

achievable.

[ s
cenieleathelevondanadesion

i Place pressurizer
level control in automatic operation

during RCS heatup to demonstrate
automatic letdown. Use the module
control system (MCS) data historian
to review pressurizer level at
maximum-obtained RCS
temperature.

ii. To raise pressurizer level, use MCS
automation and operator permission
to increase to a target pressurizer
level.

Note: Pressurizer letdown level
control is automatic; however
pressurizer makeup level control is
automatic with consent of operator.

i. MCS data indicates that automatic
pressurizer levelcontroHs-
operatinglevelband:letdown

maintained pressurizer level at
setpoint as described in
Section 9.3.4.5.

ii. MCS data indicates that the
pressurizer level control results in an-
letimits of
pressurizertevel.CVCS makeup to
the RCS to increase pressurizer level
to the target setpoint as described in
Section 9.3.4.5.

System Level Test #38-2

Test Objective

Test Method

Acceptance Criteria

Verify proper operation of the automatic
pressurizer pressure control.

This test will be performed in
conjunction with turbine generator
test #33-1 which heats the RCS from
ambient conditions to no less than
4205°F but as high as reasonably
achievable.

Place pressurizer pressure control in

automatic and raise pressure setpoint to

i. MCS data indicates automatic
pressurizer heater operation raised
pressurizer pressure to the setpoint
as described in Section 9.3.4.5.

ii. MCS data indicates automatic
pressurizer spray valve operation
lowered pressurizer pressure to the
spray valve closure setpoint as

the normal operating band.

Raise pressurizer pressure to the

pressurizer spray valve open setpoint.

Use the MCS data historian to review
pressurizer pressure at

maximum-obtained RCS temperature.

described in Section 9.3.4.5.MCS-
) )
Soomiiagsressrretaass
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Table 14.2-38: Chemical and Volume Control System Test # 38 (Continued)

System Level Test #38-3

Test Objective

Test Method

Acceptance Criteria

Verify proper operation of CVCS
automatic dilution and boration control.

This test will be performed in
conjunction with turbine generator
test #33-1 which heats the RCS from
ambient conditions to no less than
4205°F but as high as reasonably
achievable.

Ensure that RCS low flow rate alarm is
clear to ensure adequate mixing for
dilution and boration.

i. Place the boron addition system
(BAS) storage tank on recirculation
and sample boron concentration.

ii. Usethe MCS automation and
operator permission to decrease to a
target RCS boron concentration.

iii. Use the MCS and operator
permission to increase to a target

RCS boron concentration.

i. BAS storage tank sample boron
concentration is within
specifications (as described in
Section 9.3.4.2.1).

ii.. MCS data indicates that the dilution
of the RCS results in a decreased
boron concentration within
acceptable limits of the target
concentration_as described in-
Section 9.3.4.5.

iii. MCS dataindicates that the boration
of the RCS results in a increased
boron concentration within
acceptable limits of the target
concentration_as described in
Section 9.3.4.5.
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Table 14.2-41: Containment Evacuation System Test # 41 (Continued)

viii. Verify a local grab sample can be
obtained from a CES grab sample
device indicated on the CES piping
and instrumentation diagram.

Place the system in service to allow flow
through the grab sampling device.

A local grab sample is successfully
obtained.

Verify each CES instrument is
available on an MCS or PCS display.
(Test not required if the instrument
calibration verified the MCS or PCS
display.)

Initiate a single real or simulated
instrument signal from each CES
transmitter.

The instrument signal is displayed on an
MCS or PCS display, or is recorded by the
applicable control system historian.

System Level Test #41-1

Test Objective

Test Method

Acceptance Criteria

Verify the automatic operation of the CES
to establish and maintain design vacuum
for the CNV.

After the containment flooding and drain
system (CFDS) completes draindown of
the CNV and the NPM is in hot functional
testing, place the CES in automatic
operation.

The automated control establishes and
maintains vacuum in the CNV within
design limit per Section 6.2.2.

System Level Test #41-2

Test Objective

Test Method

Acceptance Criteria

Verify radiation isolation and flow
diversion on high radiation level in the
CES.

The NPM is in hot functional testing with
the RCS at normal operating pressure.
The CES is operating in automatic control
with a CNV steady-state vacuum pressure
indicating the noncondensable gases
have been removed from the CNV.

Initiate a real or simulated high radiation
signal for the CES vacuum pump
discharge.

i. The CES effluent flow path to the
RBVS is isolated and diverted to
GRWS.

[ITAAC02.07.01]

ii. The CES effluent to process sample
panel isolation valve is closed.

[ITAAC 02.07.01]
iii. The CES purge air solenoid valves to
the vacuum pumps are closed.
[ITAAC02.07.01]

iv. The automated control maintains
vacuum in the CNV.
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Table 14.2-44: Control Rod Drive System Flow-Induced Vibration Test # 44

Validation testing is performed during factory testing on the control rod drive shaft per Table 4-1 of TR-0716-50439. There are
no preoperational tests for CRDS.

The CRDS flow-induced vibration testing is performed consistent with the requirements of the NuScale “Comprehensive
Vibration Assessment Program” as described in Section 5.0 of the “Comprehensive Vibration Assessment Program (CVAP)
Technical Report,” TR-0716-50439 and Section 6.0 of the “NuScale Comprehensive Vibration Assessment Program
Measurement and Inspection Plan Technical Report,” TR-0918-60894, Revision 0. Visual examination of the CRDS
components is performed as specified in Table 5-1 of TR-0716-50439. This test is coordinated with Test #108. The CVAP is
addressed in Section 3.9.2. The CRDS is discussed in Section 4.6.

System Function System Function Categorization Function Verified by Test #

None N/A N/A

Prerequisites:

N/A

Component Level Tests

None
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Table 14.2-45: Reactor Vessel Internals Flow-Induced Vibration Test # 45

Validation testing is performed at the factory for the in-core instrument guide tubes per Table 4-1 of TR-0716-50439. There
are no preoperational tests for RVI.

RVI flow-induced vibration testing is performed consistent with the requirements of the NuScale “Comprehensive Vibration
Assessment Program” as described in Section 5.0 of the “Comprehensive Vibration Assessment Program (CVAP) Technical
Report,” TR- 0716-50439 and Section 6.0 of the “NuScale Comprehensive Vibration Assessment Program Measurement and
Inspection Plan Technical Report,” TR-0918-60894, Revision 0. Visual examination of the RVI components is performed as
specified in Table 5-1 of TR-0716-50439. This test is coordinated with Test #108. The CVAP is addressed in Section 3.9.2.
Reactor vessel internals are discussed in Section 5.1.3.3.

System Function System Function Categorization Function Verified by Test #

None N/A N/A

Prerequisites:

N/A

Component Level Tests

None
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Table 14.2-47: Emergency Core Cooling System Test # 47

Preoperational test is required to be performed for each NPM.

verified by thisether tests are:

The ECCS is described in Section 6.3, and the-The ECCS functions-are not verified by ECCStests. The ECCS functions

System Function

System Function Categorization

Function Verified by Test #

1. The ECCS supports the RCS by
opening the ECCS reactor vent valves
and reactor recirculation valves when
their respective trip valve is actuated
by the MPS.

safety-related

Test #47-1
MPS Test #63-6

2. The ECCS supports the RCS by
providing recirculated coolant from
the containment to the RPV for the
removal of core heat.

safety-related

Test #47-1
MPS Test #63-6

The ECCS functions verified by other tests are:

System Function

System Function Categorization

Function Verified by Test #

3. The ECCS supports the RCS by
providing low temperature
overpressure protection (LTOP) for
maintaining the reactor coolant
pressure boundary.

safety-related

MPS Test #63-6

The ECCS supports the CNTS by
providing a portion of the
containment boundary for
maintaining containment integrity.

safety-related

CNTS Test #43-1

5. The ECCS supports MPS by providing
post accident monitoring instrument
information signals.

nonsafety related

SDIS Test #66-2

Prerequisites

Verify an instrument calibration has been completed, with approved records and within all calibration due dates, for all

instruments required to perform this test.Prerequisites-associated-with-ECCS-testingare-identifiedin-the referencedtest
abstractcited-under-the“Function-Verified-by-Test# heading:

Component Level Tests

None

System Level Tests #47-1

Test 47-1 is performed at hot functional testing concurrently with TGS Test #33-1 (reference Table 14.2.-33) and MPS

Test #63-6 to allow testing of ECCS actuation at normal operating pressure and elevated temperatures. Test #33-1 heats the

RCS from ambient conditions to the highest temperature achievable by MHS heating. These hot functional testing conditions

provide the highest differential pressure and temperature conditions that can be achieved prior to fuel load.

Llore

Test Objective

Test Method

Acceptance Criteria

i. Verify collapsed liquid level remains

Ensure the RCS is at normal operating

i. RPVriser level remains above the

above the top of the core during

pressure and at maximum temperature

top of the core.

ECCS actuation.
ii. Containmentvessel pressure remains

achievable by warming the RCS using

below the design pressure limit
during ECCS actuation.
Containment temperature remains
below the design temperature limit
during ECCS actuation.

MHS heating.

Manually initiate ECCS from the MCR. |i

Allow RPV riser level and CNV level to

become relatively stable.

CNV pressure remains below design
pressure identified in Table 6.2-1.

i. CNV temperature remains below
design temperature identified in
Table 6.2-1.
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Table 14.2-60: Plant Lighting System Test # 60

Preoperational test is required to be performed once.

The plant lighting system (PLS) is described in Section 9.5.3 and the functions verified by this test are:

System Function

System Function Categorization

Function Verified by Test #

1.

PLS supports the CRB by providing
normal lighting.

nonsafety-related

component-level test i.

The PLS supports the CRB by
providing emergency lighting in the
main control room.

nonsafety-related

component-level test ii.

The PLS supports the RXB by
providing normal lighting.

nonsafety-related

component-level test i.

The PLS supports the RXB by
providing emergency lighting for the
remote shutdown station.

nonsafety-related

component-level test ii.

The PLS supports the RXB by
providing emergency lighting for.
post-fire safe-shutdown activities
outside of the MCR and RSS.

nonsafety-related

component-level test iii.

Prerequisites
N/A
(Note: Component level test iii. supports ITAAC and the requirements of NFPA 804.)

Component Level Tests

Test Objective

Test Method

Acceptance Criteria

Verify the PLS provides normal
illumination of the MCR and RSS
operator workstations, and the MCR
safety display information panel.

With normal MCR and RSS lighting in
service, measure the light at each MCR
and RSS workstation.

a. The PLS provides at least 100
foot-candles illumination at the
MCR operator workstations and
at least 50 foot-candles at the
MCR auxiliary panels.

[ITAAC03.08.01]

b. The PLS provides at least 100
foot-candles illumination at the
RSS operator workstations.

[ITAAC 03.08.01]

The PLS provides emergency
illumination of the MCR and RSS
operator workstations and the MCR
safety display information panel.

With MCR and RSS emergency
illumination in service, measure the light
at each MCR and RSS workstation and
MCR safety display information panel.

a. The PLS provides at least 10
foot-candles of illumination at
the MCR operator workstations
and the RSSMCR safety display

informationauxitiary panels.

[ITAAC 03.08.02]

b. The PLS provides at least 10
foot-candles at the RSS operator
workstations.

[ITAAC 03.08.02]

Verify the eight-hour battery pack
emergency lighting fixtures provide
illumination for post-fire safe-
shutdown activities performed by
operators outside the MCR and RSS.

With no AC power available, measure the
light at each eight-hour battery pack
emergency lighting fixture target area.

The required target areas are
illuminated to provide at least one
foot-candle illumination in the areas
outside the MCR or RSS where post-
fire safe-shutdown activities are
performed.

[ITAAC 03.08.03]
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Table 14.2-61: Module Control System Test # 61

Preoperational test is required to be performed as indicated by tests for MCS-controlled systems and systems
providing data to the MCS.

The MCS is described in Section 7.0.4.5. The Remote Shutdown Station (RSS) is described in Section 7.1.1.2.3.

On-site testing of the system is performed by an MCS site acceptance test (SAT).

The MCS is a distributed control system which allows monitoring and control of NPM-specific plant components. The MCS
includes all manual controls and visual display units necessary to provide operator interaction with the process control
mechanism.

The boundary of the MCS is at the terminations on the MCS hardware. The MCS supplies nonsafety inputs to the human-
system interfaces (HSls) for nonsafety displays in the MCR, the remeteshutdewn-stationRSS, and other locations where
module control system HSIs are necessary. There are two boundaries between MCS and MPS, the fiber-optic isolated portion
and the hard-wired module boundary. The MCS has a direct, bi-directional interface with the PCS.

A complete staging and testing of system hardware and software configurations will be conducted. This factory acceptance
testing will be conducted in accordance with a written test procedure for testing the software and hardware of the MCS prior
to installation in the plant. Following installation, site acceptance testing shall be completed in accordance with developed
procedures to ensure the MCS is installed and fully functional as designed.

To ensure the MCS communicates with module-specific plant components, component-level testing is performed on all
systems controlled by MCS to manually operate the associated components from the main control room-and-remete-
shutdewn-station. By design, operation of components from the MCR also verifies the ability to operate the components from
the RSS. These component-level tests are described in the test abstracts of the systems that contain the actuated
components.

In addition, it is verified that each instrument supplying data to the MCS is component tested in preoperational test abstracts
to ensure the signal is available on an MCS or PCS display. These component-level tests are described in the test abstracts of
the systems that contain the instrument.

The RSS provides an alternate location to monitor the NPM status and operate the MCS and PCS during a MCR evacuation.

The ability to activate the nonsafety MCS and PCS displays and controls at the RSS will be verified during site acceptance

testing. The ability to isolate the safety-related MCR module protection system (MPS) manual switches using the MCR

isolation switches in the RSS as described in Section 7.2.12 will be verified during MPS factory and site acceptance testing.

System Function System Function Categorization Function Verified by Test #
The MCS supports the Reactor Building [nonsafety-related Factory Acceptance Testing and Site
by providing indication and operator Acceptance Testing as described above.

display to the Remote Shutdown Station,

which resides in the Reactor Building.

Prerequisites

Prerequisites associated with MCS testing are identified in the test abstracts that contain module-specific components that
ensure communication with the MCS.

Component Level Tests

None

System Level Tests

None
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Table 14.2-62: Plant Control System Test # 62

Preoperational test is required to be performed as indicated by tests for PCS-controlled systems and systems
providing data to the PCS.

The PCS is described in Section 7.0.4.6. The Remote Shutdown Station (RSS) is described in Section 7.1.1.2.3.

On-site testing of the system is performed by a PCS site acceptance test (SAT).

The PCS is a distributed control system which allows monitoring and control of virtually all module-specific plant
components. The PCS includes all manual controls and visual display units necessary to provide operator interaction with the
process control mechanism.

The boundary of the PCS is at the terminations on the PCS hardware. The PCS supplies nonsafety inputs to the video display
units (VDUs) for nonsafety displays in the MCR, the RSS, and other locations where PCS video display units are necessary. The
boundary between the PPS and PCS is at the output connection of the safety-related optical isolators in the PPS, and on the

terminals of the equipment interface module for each input from the PCS to the PPS.

The PCS has a direct, bidirectional interface with the MCS. The network interface devices for the PCS domain controller/
historian provide the interface between the human machine interface network layer and the control network layer.

A complete staging and testing of system hardware and software configurations will be conducted. This factory acceptance
testing will be conducted in accordance with a written test procedure for testing the software and hardware of the PCS prior
to installation in the plant. Following installation, site acceptance testing shall be completed in accordance with developed
procedures to ensure the PCS is installed and fully functional as designed.

To ensure the PCS communicates with module-specific plant components, component-level testing is performed on all
systems controlled by PCS to manually operate the associated components from the main control room-andremete-
shutdewn-station. By design, operation of components from the MCR also verifies the ability to operate the components from
the RSS. These component-level tests are described in the test abstracts of the systems that contain the actuated
components.

In addition, it is verified that each instrument supplying data to the PCS is component tested in preoperational test abstracts
to ensure the signal is available on an MCS or PCS display. These component-level tests are described in the test abstracts of
the systems that contain the instrument.

The RSS provides an alternate location to monitor the NPM status and operate the MCS and PCS during a MCR evacuation.

The ability to activate the nonsafety MCS and PCS displays and controls at the RSS will be verified during site acceptance

testing. The ability to isolate the safety-related MCR module protection system (MPS) manual switches using the MCR

isolation switches in the RSS as described in Section 7.2.12 will be verified during MPS factory and site acceptance testing.

System Function System Function Categorization Function Verified by Test #
The PCS supports the Reactor Building by [nonsafety-related Factory Acceptance Testing and Site
providing indication and operator Acceptance Testing as described above.

display to the Remote Shutdown Station,

which resides in the Reactor Building.

Prerequisites

Prerequisites associated with PCS testing are identified in the test abstracts that contain module-specific components that
ensure communication with or are controlled by the PCS.

Component Level Tests

None

System Level Tests

None
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Table 14.2-63: Module Protection System Test #63

Preoperational test is required to be performed for each NPM.

The MPS is described in Sections 7.0, 7.1, and 7.2 and the functions verified by this test and power ascension testing

are:

System Function

System Function Categorization

Function Verified by Test #

1. The MPS supports the CNTS by
removing electrical power to the trip
solenoids of the following CIVs on a
containment system isolation
actuation signal:
» RCS injection containment
isolation valves
« RCS discharge containment
isolation valves
« Pressurizer spray containment
isolation valves
« RPV high point degasification
containment isolation valves
- Feedwater containment isolation
valves
« Main steam containmentisolation
valves
+ Main steam bypass valves
« CES containment isolation valves
« RCCWS containment isolation
valves
« CFDS containment isolation
valves

safety-related

Test #63-4
Test #63-6

[

The MPS supports the CNTS by
removing electrical power to the trip
solenoids of the following valves on
a DHRS actuation signal.

« DHRSactuationvalves

+ Main steam isolation valves

+ Main steam bypass isolation

valves
» Feedwater isolation valves

safety-related

e
Test #63-6

[

The MPS supports the ECCS by
removing electrical power to the trip
solenoids of the following valves on
an ECCS actuation signal.

- Reactor vent valves

+ Reactor recirculation valves

safety-related

Test #63-4
Test #63-6
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Table 14.2-72: Steam Generator Flow-Induced Vibration Test # 72

Validation testing is performed at test facilities as separate effects tests on prototypic steam generator tube columns and
steam generator inlet flow restrictors per Table 4-1 of TR-0716-50439. There are no preoperational tests for SG.

SG flow-induced vibration testing is performed consistent with the requirements of the NuScale “Comprehensive Vibration
Assessment Program” as described in the “Comprehensive Vibration Assessment Program (CVAP) Technical Report,” TR-
0716-50439, Revision 1, and the “NuScale Comprehensive Vibration Assessment Program Measurement and Inspection Plan
Technical Report” TR-0918-60894, Revision 0. Visual examination of the SG components is performed as specified in Table 5-
1 of TR-0716-50439. This test is coordinated with Test #108. The CVAP is addressed in Section 3.9.2. The steam generators are
discussed in Section 5.4.1.

System Function System Function Categorization Function Verified by Test #

None N/A N/A

Prerequisites:

N/A

Component Level Tests

None
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Table 14.2-76: Initial Fuel Load Test # 76

The Initial Fuel Load Test is required to be performed for each NPM.

This test is performed prior to initial fuel load.

Test Objectives

i. Conduct initial fuel load with no inadvertent criticality.
ii. Install fuel assemblies and control components at the locations specified by the design of the initial RXC.

Prerequisites

i. Plant systems required for initial fuel loading have completed preoperational testing.
ii. Plant systems required for initial fuel loading have been aligned per operations procedures.

iii. The design of the initial RXC that specifies the final core configuration of fuel assemblies and control components is
completed.

iv. A core load sequence has been approved.

v. Neutron monitoring data from a previous NPM initial fuel loading or calculations showing the predicted response of
monitoring channels are available for evaluating monitoring data.

vi. The lower RPV is installed in the RPV support stand.

vii. Control room communications are established.

viii. RXB radiation monitors are functional.

ix. Boron concentration in the pool is within Technical Specification limits.

X. The nuclear instrumentation system is calibrated and operable.

Test Method

i. The overall process of initial fuel loading will be supervised by a licensed senior reactor operator with no other concurrent
duties.

ii. Install fuel and control components per approved procedures.
iii. Monitor boron concentration inside the RPV periodically during fuel load to ensure it satisfies TS.

iv. Monitor neutron counts during the load of each fuel assembly and plot an independent inverse count rate ratio for each
source range detector after each fuel load assembly is loaded.

v. Verify neutron count data are consistent with calculations showing the predicted response. For fuel loading of the second
NPM and all subsequent NPMs use data obtained from previous fuel loadings.

vi. Demonstrate the inverse count rate ratio does not show significant approach to criticality.
vii. Maintain the status of the core loading.
viii. Maintain communication between fuel handling personnel and the MCR.

Acceptance Criterion

i. Each fuel assembly and control component is installed in the location specified by the design of the initial RXC.
ii. There is no indication of inadvertent criticality.
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Table 14.2-81a: Control Rod Assembly Ambient Temperature Full-Height Drop Time
Test #81A

Startup test is required to be performed for each NPM.

This test is performed after initial fuel loading but prior to initial criticality.

Test Objective

Verify each CRA satisfies the CRA drop time acceptance criteria for RCS at ambient temperature.

Prerequisites

i. The coreisinstalled.

ii. The NPM is fully assembled.

iii. The RCS is at ambienttemperaturecold temperature conditions.

iv. The nuclear instrumentation system is calibrated and operable.

v. The SDM is within the limits specified in the core operating limits report.

Test Method

i. Fully withdraw each individual CRA.
ii. Interrupt the electrical power to the associated CRDM.
iii. Measure the CRA drop time.

Acceptance Criteria

i. Each CRA drop time is within Technical Specification limits.
ii. Each CRA drop time is within two sigma of the drop time data for all control rods, or has been verified within Technical

Specification limits by a minimum of three additional performances of this test.
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Table 14.2-83: Initial Criticality Test # 83

Startup test is required to be performed for each NPM.

This test is performed after initial fuel loading.

Test Objective

Achieve initial criticality in a controlled manner.

Prerequisites

i. TheRCSis at hot zero power (RCS at normal operating pressure and RCS temperature at the maximum temperature
obtainable when heated only by the MHS).

ii. All RCS temperatures satisfy the minimum technical specification temperature for criticality.
iii. The nuclear instrumentation system is calibrated and operable.

iv. The SDM is within the limits specified in the core operating limits report.

v. An estimated critical position (calculation) has been performed.

vi. RCS measured boron is at or near the desired estimated critical position value.

vii. The shutdown banks and the regulating banks are fully inserted.

viii. A neutron count rate of at least 1/2 counts per second registers on the startup channels, and the signal to noise ratio is
greater than 2.

Test Method

i.  Shutdown banks are withdrawn in sequence using the sequence of a normal plant startup. Gather data to plot the inverse
count rate ratio. The inverse count rate ratio is used to monitor reactivity.

ii. Once all shutdown banks are fully withdrawn, then the regulating bank is withdrawn using the sequence of a normal
plant startup. The inverse count rate ratio is plotted to monitoring reactivity for the approach to criticality.

iii. After criticality is obtained, the regulating bank is confirmed to be above the TS regulating group insertion limit.

iv. Should criticality be reached with the regulating bank below the insertion limit specified by the core operating limits
requirement, the limiting condition of operation test exception is invoked. The RCS boron will be increased until the
regulating bank is withdrawn sufficiently to meet the insertion limit.

Acceptance Criterion

The reactor is critical with the regulating banks above their technical specification insertion limit.
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Table 14.2-92: Neutron Monitoring System Power Range Flux Calibration Test # 92

Startup test is required to be performed for each NPM.

This test is performed at approximately 25, 50, 75 and 100 percent reactor thermal power.

Test Objective

Calibrate the NMS power range neutron flux signals during power ascension.

Prerequisites

i. ThelCIS is operational.
ii. The NPM is operating in a steady-state condition at the specified power level.

Test Method

i.  With the plant at power levels of approximately 25, 50, 75 and 100 percent of reactor thermal power, record the following
data:
« power range neutron flux from the ICIS self-powered neutron detectors
« NMS power range (linear power) signal
+ heat balance data
ii. Maintain reactor power, Ty, and pressurizer level constant during data collection.

iii. Calibrate the NMS neutron flux power range (linear power) signal using the recorded data.

Acceptance Criterion

The NMS neutron flux power range (linear power) signal has been calibrated.
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Table 14.2-94: Reactor Coolant System Flow Calibration Test # 94

Startup test is required to be performed for each NPM.

This test is performed at approximately 25, 50, 75, and 100 percent reactor thermal power.

Test Objective

Calibrate the RCS flow instruments during power ascension.

Prerequisites

i. ThelCIS is operational.
ii. The NPM is operating in a steady-state condition at the specified power level.
iii. The nuclear instrumentation system is calibrated and operable.

Test Method

i.  With the plant at power levels of approximately 25, 50, 75, and 100 percent of reactor thermal power, record the
following data:
« NMS flux power range (linear power) signal
+ RCS narrow range hot leg temperature
+ RCS narrow range cold leg temperature
« ICIS core inlet and outlet temperature
ii. Maintain reactor power, Ty, and pressurizer level at steady state during data collection.

iii. Calibrate the RCS flow instruments using the recorded data.

Acceptance Criterion

The RCS flow instruments have been calibrated.
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Table 14.2-95: Radiation Shield Survey Test # 95

Startup test is required to be performed for each NPM.

This test is performed at approximately 25, 50, and 100 percent reactor thermal power.

Test Objective

Verify the adequacy of eenereteradiation shields in the RXB designed to protect personnel from radiation originating from
sources within the reactor vessel.

Prerequisites

i. Radiation survey instruments are calibrated.
ii. The NPM is operating in a steady-state condition at the specified power level.

Test Method

i. Measure gamma and neutron radiation dose rates at designated locations at approximately 25, 50, and 100 percent
reactor thermal power in accordance with RG 1.69 and ANSI/ANS-6.3.1 (1987, R2007).

ii. The designated locations are the accessible areas outside permanent eencrete-radiation shields in the RXB-{reference-

Acceptance Criterion

Radiation dose rates are consistent with design expectations.
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Table 14.2-100: Ramp Change in Load Demand Test # 100 (Continued)

Acceptance Criteria

i. The turbine does not trip.

ii. The reactor does not trip.

iii. The main steam safety valves do not open.
iv. The turbine does not overspeed.

v. The plant automatic control systems, with no manual intervention, maintain the followmq Darameters within de5|qn
I|m|ts durlnq and following the transient: A

Reactor Power

RCS temperature
Pressurizer pressure

Pressurizer level
SG superheat
SG pressure

SG inventory
Gland seal temperature

CWS basin level

SCWS basin level

Feedwater heater level

Main condenser hotwell level

Main condenser vacuum

Outlet temperature of turbine bypass desuperheater

Vi. Control system response is reviewed and compared to expected performance. Necessary adjustments to the control
systems have been made prior to proceeding to the next power plateau.

vii. Water hammer indications

PRrET TR R R o

a. Audible indications of water hammer are not observed.

b. No damage to pipe supports or restraints.

¢. Nodamage to equipment.

d. No equipment leakage as a result of the ramp change.

viii. Piping vibration - System specific steady state and-transient-vibration testing criteria are established by the piping

designer. Actual acceptance criteria will depend on the selected test method, but may include:

a. Limits for stresses calculated based on the observed/measured vibration response of the system.

b. No permanent deformation or damage is observed in the piping system or supports.

c. Vibration displacements are not excessive, would not potentially cause the piping to come in contact with
surrounding SSC, and are such that the movement of supports and flexible joints is within their allowable limits.
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Table 14.2-103: 100 Percent Load Rejection Test # 103

Startup test is required to be performed for each NPM.

This test is performed at approximately 100 percent reactor thermal power.

Test Objectives

i. Verify the ability of the plant automatic control systems to sustain a 100 percent load rejection from full power.
ii. Assessthe dynamic response of the plant for a 100 percent power load rejection.

Prerequisites

i. The NPM is operating in a steady-state condition at full reactor thermal power.

ii. The plant’s electrical distribution system is aligned for normal operation.

iii. The following control systems are in automatic control:Reactorturbineandsecondary-controlsystems-are-inautomatic

:

Reactivity control

RCS temperature control
Pressurizer pressure control
Pressurizer level control
Turbine control

Feedwater level control
CWS basin level control
SCWS basin level control
Feedwater heater level control
. Hotwell level control

Test Method

Manually trip the generator output breaker to provide a 100 percent load rejection.
Acceptance Criteria
i. The turbine trips.

PR e e o e

=

ii. The reactor does not trip.
iii. The main steam safety valves do not open.
iv. The turbine does not overspeed beyond design limits.

v. The turbine generator bypass valve opens and modulates steam flow to the condenser to maintain steam generator
pressure.

vi. The plant automatic control systems, with no manual intervention, maintain the following parameters within design
limits during and following the transientFhe-turbine-generatorbypass-valve-opensand-modulatessteam-flow-to-the

Reactor Power

RCS temperature
Pressurizer pressure
Pressurizer level

SG superheat

a.

b.

C

d.

e.

f. SGinventory
g. Gland seal temperature
h.

.

L

k.

L

m.

CWS basin level
SCWS basin level
Feedwater heater level
Main condenser hotwell level
Main condenser vacuum
. Outlet temperature of turbine bypass desuperheater

vii. Water hammer indications

a. Audible indications of water hammer are not observed.
No damage to pipe supports or restraints.

No damage to equipment.

No equipment leakage as a result of the load rejection.

oo o
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Table 14.2-108: NuScale Power Module Vibration Test # 108

This startup test is required to be performed once for NPM #1. This test supports FOAK testing described in
Section 14.2.3.3.

This test is performed at 100 percent reactor thermal power. NuScale Power Module vibration testing is described in
Sections 3.9.2.1.1.1, 3.9.2.3, and 3.9.2.4;: and Reference 3.9-5-NuScale Power, LLC,“Comprehensive Vibration
Assessment Program (CVAP) Technical Report,” TR-0716-50439, Revision 1, and “NuScale Comprehensive Vibration
Assessment Program Measurement and Inspection Plan Technical Report,” TR-0918-60894, Revision 0.

Test Objective for NPM #1

i. Perform vibration testing of DHRS steam piping at 100 percent reactor thermal power as described in TR-0716-50439,
Section 4.3, to verify vibration amplitudes in the DHRS steam piping confirm the acoustic resonance analysis results
described in TR-0716-50439 Section 4.3.

ii. Perform visual examination of the NuScale Power Module components specified in Table 5-1 of TR-0716-50439.

Prerequisites

i. The DHRS steam piping is instrumented to obtain acoustic resonance (AR) data.

Test Method

i. Operate the NuScale Power Module for a sufficient duration at 100 percent power to ensure one million vibration cycles
for the component with the lowest structural natural frequency.

ii. Monitor the vibration of the DHRS steam piping. If an unacceptable vibration response develops any time during initial
startup testing, the test conditions will be adjusted to stop the vibration and the reason for the vibration anomaly will be
investigated prior to continuing with the testing.

iii. Disassemble the NuScale Power Module and performed a visual examination of the module components specified in
Table 5-1 of TR-0716-50439.

Acceptance Criteria

i. Measured vibration amplitudes in the DHRS steam piping confirm the acoustic resonance analysis results described in
TR-0716-50439 Section 4.3.

ii. Visual examination results of module components satisfy the acceptance criteria of Table 5-1 of TR-0716-50439.
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Table 14.3-2: Shared/Common Structures, Systems, and Components and Non-Structures, Systems, and components Based
Design Features and Inspections, Tests, Analyses, and Acceptance Criteria Cross Reference!" (Continued)

ITAAC No.

System

Discussion

DBA

Internal/External
Hazard

Radiological

PRA & Severe
Accident

FP

03.08.02

PL

Section 9.5.3 discusses the PLS which provides emergency
illumination of the operator workstations and SDIS panels in the
MCR and operator workstations in the RSS.

In accordance with Table 14.2-60, a preoperational test
demonstrates that the PLS provides at least:

i. 10foot-candles of illumination at the MCR operator
workstations and MCR auxiliary panels.

ii. 10 foot-candles at the RSS operator workstations.

X

03.08.03

Section 9.5.3 discusses the use of eight-hour battery pack
emergency lighting fixtures, which provide illumination of at least
one foot-candle for post-fire safe shutdown activities outside of
the MCR and RSS in accordance with NFPA 804. These units should
provide lighting for:

areas required for power restoration / recovery to comply with
the guidance of RG 1.189, Fire Protection for Nuclear Power
Plants.

areas where normal actions are required for operation of
equipment needed during fire; and

escape or access routes for firefighting and the remote
shutdown area.

In accordance with the requirements in Table 14.2-60, a
preoperational test demonstrates that eight-hour battery pack
emergency lighting fixtures illuminate their required target areas
to provide at least one foot-candle illumination in the areas
outside the MCR or RSS where post-fire safe-shutdown activities
are performed.
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