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U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
One White Flint North
11555 Rockville Pike
Rockville, MD 20852-2738

SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
121 (eRAI No. 9007) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
121 (eRAI No. 9007)," dated August 02, 2017

The purpose of this letter is to provide the NuScale Power, LLC (NuScale) response to the
referenced NRC Request for Additional Information (RAI).

The Enclosure to this letter contains NuScale's response to the following RAI Question from
NRC eRAI No. 9007:

07.02.DSRS-3

This letter and the enclosed response make no new regulatory commitments and no revisions to
any existing regulatory commitments.

If you have any questions on this response, please contact Darrell Gardner at 980-349-4829 or
at dgardner@nuscalepower.com.

Sincerely,

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

Distribution: Gregory Cranston, NRC, OWFN-8G9A
Omid Tabatabai, NRC, OWFN-8G9A
Samuel Lee, NRC, OWFN-8G9A
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Response to Request for Additional Information
Docket No. 52-048

 

eRAI No.: 9007
Date of RAI Issue: 08/02/2017

NRC Question No.: 07.02.DSRS-3

Title 10 of the Code of Federal Regulations Section 50.55a(h) requires compliance to IEEE Std
603- 1991. Clauses 5.2, “Completion of Protective Action,” and 7.3, “Completion of Protective
Action,” of IEEE Std. 603-1991 require that safety systems and execute features be designed
such that, once initiated, the intended sequence of protective actions shall continue to
completion, and shall require deliberate operator action to return to normal.

NuScale Design Control Document (DCD), Part 2 – Tier 2, Section 7.1.1.2.1, “Protection
Systems,” states that:

The MPS [module protection system] automatically initiates a reactor trip or ESF
[engineered safety features] function when the associated setpoint is exceeded. Once
initiated, safety functions continue until completed. The completion of the safety function is
satisfied once all equipment is in the actuated position and the plant conditions are
stabilized. The MPS may be returned to normal when the initiating condition is no longer
present.

DCD, Part 2 – Tier 2, Section 7.2.3.3, “Completion of Protective Action,” also states in part that:

Seal-in of ESFAS [engineered safety features actuation system] actuation logic is provided
at the EIM [equipment interface module] to account for transient process conditions that
may change during a DBE [design basis event] (e.g., containment pressure). This seal-in
prevents logic and final actuated devices from returning to the non-trip or non-actuated state
due to changing process conditions.

Per the requirements of IEEE Std. 603-1991, Clauses 5.2 and 7.3, the safety systems and
execute features should be designed such that deliberate operator action is needed to return
the module protection system (MPS) to normal configuration. The staff was not able to identify
in the MPS functional logic diagrams how MPS is designed such that deliberate operator action
is required to return the MPS to normal configuration. For example, Figure 7.1-1z,
“Demineralized Water Supply Valve Actuation,” shows that the seal-in of the equipment
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interface module logic only holds until the actuated valve has completed opening or closing.
However, the MPS functional logic does not show specific design details for deliberate operator
action to return the MPS to normal configuration. The staff requests NuScale to explain how the
MPS design meets IEEE Std. 603-1991, Clauses 5.2 and 7.3.

NuScale Response:

The module protection system (MPS) meets the requirements of IEEE-603-1991, criteria 5.2
and 7.3. The MPS is designed such that once a protective action is initiated, either automatically
or manually, the sequence of protective actions continues until it has reached completion. As
described in FSAR Section 7.2.3.3, deliberate and separate operator action is required to
change states of actuated equipment and return the MPS to a normal configuration.

Use of the enable nonsafety control switch and the module control system (MCS) to manually
return actuated components to their desired normal configuration in accordance with plant
operating procedures requires deliberate and separate operator action as described in FSAR
7.2.3.3.

The function of the enable nonsafety switch is described in FSAR Sections 7.2.3.3 and also
shown graphically in FSAR, Section 7.1, Figure 7.1-1o, as a momentary contact, return to
center switch (refer to the instrumentation and control symbol legend provided in FSAR Figure
1.7-2 for a description of symbols used in Figures 7.1-1a through 7.1-1ao). Therefore, if the
operator manipulates the enable nonsafety control switch to take manual control of RTS or ESF
components using the nonsafety MCS, any RTS or ESF manual or automatic actuation signal
will cause the enable nonsafety control permissive input to the MPS logic to drop out, and the
actuation priority logic will reject any nonsafety control inputs.

Because the enable nonsafety control switch is a momentary contact switch with spring return to
a neutral position, the switch does not remain in the enable position once released by the
operator. Anytime a manual or automatic RTS or ESF actuation signal is generated, the APL
circuit rejects the enable nonsafety control switch input until the RTS or ESF proactive actuation
function goes to completion. In order for the nonsafety control inputs to be processed following
an RTS or ESF actuation, the RTS or ESF Actuation signal must clear, and the operator must
enable nonsafety control inputs again using the enable nonsafety control switch through a
separate, deliberate operator action. The APL circuit logic for these functions is shown in DCD
Figures 7.1-o through 7.1-ag. Therefore, the design of the module protection system requires
deliberate and separate operator action as required by IEEE-603-1991 criteria 5.2 and 7.3.

FSAR Section 7.1.1.2.1 and 7.2.3.3 was revised to add clarification to explicitly state deliberate
and separate operator action is required to restore the MPS to a normal configuration following
an RTS or ESF protective function that has gone to completion.



 

NuScale Nonproprietary

Impact on DCA:

FSAR Sections 7.1.1.2.1 and 7.2.3.3 have been been revised as described in the response
above and as shown in the markup provided in this response.
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in different rooms in the Reactor Building, protected against dynamic effects, 
including the effects of missiles, pipe whipping, and discharging fluids, that may 
result from equipment failures and from events and conditions outside the nuclear 
power unit.

The MPS and NMS rack-mounted equipment is installed in a mild environment. The 
MPS rooms provide an environment that would at no time be more severe than the 
environment that would occur during normal plant operation, including AOOs. The 
environmental qualification requirements for the MPS and NMS rack mounted 
equipment are identified in Section 3.11. 

A failure modes and effects analysis (FMEA) was conducted for both the MPS and 
the NMS. This is a systematic procedure for addressing failures for all components 
of a system and for evaluating their consequences. The essential function of an 
FMEA is to consider each part of the system, how it may fail, and what the effect of 
the failure on the system would be while considering the single-failure criterion. 

Applying the FMEA methodology to the MPS and NMS concluded there are no 
failure modes that were undetectable or would prevent

• the MPS from performing its RTS and ESFAS functions

• the NMS from performing its safety functions

• accident monitoring functions

RAI 07.02.DSRS-3

The MPS automatically initiates a reactor trip or ESF function when the associated 
setpoint is exceeded. Once initiated, safety functions continue until completed. 
The completion of the safety function is satisfied once all equipment is in the 
actuated position and the plant conditions are stabilized. The MPS may be returned 
to normal when the initiating condition is no longer present. Deliberate and 
separate operator action is required to return the MPS to a normal configuration, 
and is described in Section 7.2.3.3. The NMS does not initiate any protective 
functions; it only provides safety-related input to the MPS.

The MPS and NMS do not contain any protective provisions that could prevent 
either system from accomplishing its safety function. 

7.1.1.2.2 Post-Accident Monitoring

The post-accident monitoring (PAM) is a nonsafety-related function. The PAM 
instrumentation includes the required functions, range and accuracy for each 
variable monitored. The selection of each type of variable follows the guidance 
provided in IEEE-497-2002 (Reference 7.1-11), as modified by RG 1.97, Revision 4.

Variables and their type classification are based on their accident management 
function as identified in abnormal operating procedures, emergency operating 
procedures, and emergency procedure guidelines. Since the abnormal and 
emergency operating procedures and guidelines have not been developed, 
NuScale developed an approach to identify PAM variables as described below.
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across the MIB communications module via a one-way transmit-only connection 
through the MPS gateway to the MWS.

The MPS is designed such that in the event of a condition such as a system 
disconnection or loss of power, it fails into a safe state. The equipment interface 
module (EIM) outputs are designed to remove power to the final actuation devices 
causing them to go to a safe-state (e.g., reactor trip breakers open, ECCS valves open). 
This ensures that a loss of power or other detected fault that causes the EIM to go into a 
faulted state also causes the interface to remove power to the final actuated device.

The NMS operates throughout normal reactor operation and provides PAM data to the 
MPS during and after a DBE. Failures of the NMS equipment are identified through 
system health monitoring of the NMS detectors and signal processing equipment. 
Periodic surveillance testing is performed on the NMS in accordance with the plant 
technical specifications. Failure of NMS-excore components generate a fault signal and 
an actuate/trip signal for that particular NMS-excore channel. The fault signal is 
transmitted to the MPS for display to the control room operators. 

The NMS incorporates four redundant sets of detectors that are completely 
independent so that a failure in one redundant channel does not affect the other three.

7.2.3.3 Completion of Protective Action

The MPS is designed such that once a protective action is initiated, either automatically 
or manually, the sequence of protective actions continues until it has reached 
completion. 

Seal-in of ESFAS actuation logic is provided at the EIM to account for transient process 
conditions that may change during a DBE (e.g., containment pressure). This seal-in 
prevents logic and final actuated devices from returning to the non-trip or non-
actuated state due to changing process conditions. Seal-in is also provided at the EIM 
for the RTS actuation logic functions. The reactor trip function is inherently latched by 
removing electrical power from the control rod drive mechanisms causing the control 
rods to fall into the reactor core by gravity. 

After the initiation of a protective action that requires components to go to an actuated 
position or safe-state, the MPS continues to hold the requested state after the initiating 
signal goes away. The EIM in the MPS functions as a state machine in that it accepts a 
request for a particular positon of a final actuation device and retains that position until 
a new position has been requested. 

RAI 07.02.DSRS-3

Deliberate operator action is required to change the state of actuated equipment and 
return the MPS to a normal configuration. The operator uses the enable nonsafety 
control switch and the MCS to place components in their normal configuration. The 
APL circuit controls the manual control of components using the MCS as described 
below.
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If an automatic or manual RTS or ESF actuation signal is active, these signals have the 
highest logic priority; the RTS and ESF signals are processed and an actuation 
command is sent directly to the EIM output to actuate or trip the final actuation device. 
In all cases, it does not matter what the position of the enable nonsafety control switch 
is. The enable nonsafety control switch does not impede the handling and evaluation 
of active automatic or manual RTS or ESF actuation signals as these are processed at 
the highest logic priority.

If the nonsafety control inputs are disabled by the enable nonsafety control switch, 
then nonsafety control inputs are rejected and not processed by the APL circuit.

For cases when the enable nonsafety control switch is enabled to allow nonsafety 
control inputs, there must be no active RTS or ESF manual or automatic active signal 
present.  If the enable nonsafety control switch is enabled, and there is no active RTS or 
ESF signal, then the nonsafety manual control inputs from the MCS are used by the APL 
circuit to control the final component (e.g., containment isolation valve).

During the time the nonsafety control inputs are enabled, if an automatic or manual 
RTS or ESF signal is generated and received by the APL circuit, the actuation priority 
logic immediately disables the enable nonsafety control logic permissive and rejects all 
nonsafety control inputs. The actuation priority logic circuit processes the RTS or ESF 
command to position the final actuation device to its safe state.

RAI 07.02.DSRS-3

Re-initiation of manual controls from nonsafety equipment is possible only if the 
protective action has gone to completion and the operator deliberately blocks the 
safety signal using the override function via the manual override switches provided or 
the initiating signal is no longer present. The enable nonsafety control switch is a 
momentary contact switch; therefore, the operator must deliberately manipulate the 
enable nonsafety control switch to re-enable nonsafety control inputs.

The actuation priority logic is based on discrete logic which allows for testing of 
possible combinations of inputs and the evaluation of the associated outputs.

7.2.4 Operating and Maintenance Bypasses

An operating bypass is provided for certain protective actions when they are not necessary 
in a particular mode of plant operation. Different modes of plant operation may necessitate 
an automatic or manual bypass of a safety function. Operating bypasses are used to permit 
mode changes. A maintenance bypass is provided to bypass safety system equipment 
during maintenance, testing, or repair. A maintenance bypass may reduce the degree of 
redundancy of equipment, but it does not result in the loss of a safety function. Operating 
and maintenance bypasses are described in the following sections.




