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generator from the feedwater source, ending the overcooling event. DHRS 
actuates on the high RCS temperature or high steam line pressure signals. Core 
decay heat drives natural circulation which transfers thermal energy from the RCS 
to the reactor pool via the DHRS. Passive DHRS cooling is established and the 
transient calculation is terminated with the NPM in a safe, stable condition.

Steam generator overfill cases were evaluated with initial conditions including 
primary flow and RCS temperature biased to maximize steam generator level. 
Boundary conditions such as pool temperature were biased to minimize DHRS heat 
removal, high decay heat is assumed, the maximum FW pump curve was modeled, 
maximum containment isolation valve closure time was assumed, and single 
failure of one FWIV to close was assumed. The steam generator level calculated 
during an increase in feedwater flow demonstrated that the steam generator does 
not overflow. Evaluation of cases biased for steam generator overfill demonstrate 
that adequate DHRS heat removal capability is available under these conditions.

The MCHFR for the limiting increase in feedwater flow event does not fall below the 
95/95 acceptance criterion discussed in Section 4.4.4. The MCHFR for the limiting 
increase in feedwater flow case does not violate the design limit.

During the overcooling phase, RCS flow steadily increases in response to rising 
reactor power. The reactor scram causes a rapid decrease in flow as the heat source 
driving natural circulation is reduced. The flow oscillates until RCS temperatures 
re-equilibrate. Eventually, RCS flow stabilizes and passive DHRS cooling dominates. 
The reactor trip, subsequent actuation of SSI and DHRS, and stabilization of RCS 
flow demonstrate the plant response to increase in feedwater flow, and a return to 
a stable condition with no operator actions. For a discussion on possible return to 
power scenarios, see Section 15.0.6.

Figure 15.1-56 shows the SGS pressure using the maximum SGS pressure case.

15.1.2.4 Radiological Consequences

The normal leakage related radiological consequences of this event are bounded by 
the design basis accident analyses presented in Section 15.0.4.

15.1.2.5 Conclusions

The five DSRS acceptance criteria for this AOO are met for the limiting increase in 
feedwater flow case. These acceptance criteria, followed by how the NuScale Power 
Plant design meets them are listed below:

1) Pressure in the reactor coolant and main steam systems should be maintained 
below 110 percent of the design values.

• The pressure responses in the RPV and in the MSS are less severe than those of 
the AOOs presented in Section 15.2, decrease in heat removal by the secondary 
side. Therefore, this acceptance criterion is met for increase in steam flow 
event. The maximum pressure values for the cases analyzed are shown in 
Table 15.1-6.



NuScale Final Safety Analysis Report Decrease in Heat Removal by the Secondary Side

Tier 2 15.2-26 Draft Revision 4

• Initial power level is assumed to be 102 percent of nominal to account for a 
2 percent measurement uncertainty

• Conservative scram characteristics are used, including a maximum time delay, 
holding the most reactive rod out of the core, and utilizing a bounding control rod 
drop rate.

• The limiting BOC core parameters are used to provide a limiting power response. 
The least negative MTC (0.0 pcm/degrees F) and DTC (-1.4 pcm/degrees F) are used 
to minimize the power dampening response for this heatup event.

• A loss of AC power is assumed to occur at the time of the break, causing an 
immediate turbine and feedwater pump trip. The normal and highly reliable DC 
power systems are assumed to be available, which delays a reactor trip from 
mitigating the heatup event.power excursion.

RAI 15.02.08-1
• The FWIV check valve is assumed to close on the faulted FW line to minimize fluid 

loss, which maximizes the RCS heatup. The FWIVs are assumed to close at the 
design limit closure rate while the MSIVs are assumed to close rapidly to maximize 
the heatup affect. 

• System biases include: high RCS temperature, high fuel temperature, low 
pressurizer pressure, low pressurizer level, and minimum RCS flow.

• The end of life steam generator was assumed which includes the design limit tube 
plugging and fouling in addition to a negative 30-percent uncertainty for the 
primary-to-secondary heat transfer.

RAI 15.02.08-1

The limiting event for SG pressure is the 4.0-percent split break in a FW line just outside 
of containment. The following initial conditions are assumed in the analysis to ensure 
that the transient results in the limiting secondary pressure.

• Initial power level is assumed to be 102 percent of nominal to account for a 
2 percent measurement uncertainty.

• Conservative scram characteristics are used, including a maximum time delay, 
holding the most reactive rod out of the core, and utilizing a bounding control rod 
drop rate.

• The limiting BOC core parameters are used to provide a limiting power response. 
The least negative MTC (0.0 pcm/degrees F) and DTC (-1.4 pcm/degrees F) are used 
to minimize the power response for this event.

• A loss of AC power is assumed to occur at the time of the break, causing an 
immediate turbine and feedwater pump trip. The normal and highly reliable DC 
power systems are assumed to be available, which delays the reactor trip and MPS 
actuations that would occur immediately on a loss of DC power.

• The FWIVs are assumed to close at the design limit closure rate while the MSIVs are 
assumed to close rapidly to maximize the heatup affect. 

• The single failure assumed in this case was the failure of a FWIV check valve to seat, 
reducing the inventory in the second SG train. 
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Table 15.2-24: Feedwater Line Break Sequence of Events - Peak RCS Pressure Case

Event Time [s]
Failure that initiates event. 0
AC power is lost resulting in turbine trip and FW pump trip 0
High PZR pressure limit reached 5
Control rod insertion begins 7
Secondary system isolation and DHRS actuation 7
RSV lift point is reached 9
Maximum RCS pressure reached 10
RSV reseat setpoint reached 19
DHRS actuation valve fully open 37
Maximum SG Pressure (non-faulted train) 8179
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Table 15.2-25: Feedwater Line Break Sequence of Events - Peak Steam Generator 
Pressure Case

Event Time [s]
Failure that initiates event. 0
AC power is lost resulting in turbine trip and FW pump trip 0
High PZR pressure limit reached 5
Control rod insertion begins 7
Secondary system isolation and DHRS actuation 7
RSV lift point is reached 10
Maximum RCS pressure reached 10
RSV reseat setpoint reached 19
DHRS actuation valve fully open 37
Peak pressure reached in SG (non-faulted train) 8179
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RAI 15.02.01-9

Table 15.2-26: Feedwater Line Break Sequence of Events - Limiting MCHFR Case

Event Time [s]
Failure that initiates event 0
AC power is lost resulting in turbine trip and FW pump trip 0
High PZR pressure limit reached 13
Secondary system isolation and DHRS actuation 15
Control rod insertion begins 15
RSV lift point is reached 19
Maximum RCS pressure reached 20
RSV reseat setpoint reached 29
Maximum CNV pressure reached 30
DHRS actuation valve fully open 45
Maximum SGS pressure reached 897
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Table 15.2-27: Feedwater Line Break Sequence of Events - Limiting DHRS Case

Event Time [s]
Failure that initiates event 0
High CNV pressure limit reached 1
RTS actuated - control rod insertion begins 3
Secondary system isolation actuation 3
High pressurizer pressure limit reached (DHRS actuation signal) 7
Maximum containment pressure 101
RSV lift point is reached 265
Maximum RCS pressure reached 275
RSV reseat setpoint reached 321
DHRS actuation valves open 39
Maximum SGS pressure reached 881
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Table 15.2-29: Feedwater Line Break- Limiting Analysis Results

Acceptance Criteria Limit Analysis Value
Maximum RCS Pressure 2310 psia 2164 psia
Maximum SG Pressure 2310 psia 138991 psia
MCHFR 1.284 2.496
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Figure 15.2-35: Reactor Pressure Vessel Lower Plenum Pressure - Peak RCS Pressure Case (15.2.8 Feedwater Line Break)
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Figure 15.2-36: Reactor Power - Peak RCS Pressure Case (15.2.8 Feedwater Line Break)
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Figure 15.2-37: Steam Generator Train 1 Pressure - Peak RCS Pressure Case (15.2.8 Feedwater Line Break)
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Figure 15.2-38: Steam Generator Train 2 Pressure - Peak RCS Pressure Case (15.2.8 Feedwater Line Break)
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Figure 15.2-39: Core Outlet Temperature - Peak RCS Pressure Case (15.2.8 Feedwater Line Break)
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Figure 15.2-40: Reactor Coolant System Flowrate - Peak RCS Pressure Case (15.2.8 Feedwater Line Break)
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Figure 15.2-41: Integrated Break Flow - Peak RCS Pressure Case (15.2.8 Feedwater Line Break)
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Figure 15.2-42: Steam Generator Train 1 Pressure - Peak SG Pressure Case (15.2.8 Feedwater Line Break)
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Figure 15.2-43: Steam Generator Train 2 Pressure - Peak SG Pressure Case (15.2.8 Feedwater Line Break)
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RAI 15.02.08-1

Figure 15.2-44: Hot Channel Node MCHFR - Limiting MCHFR Case (15.2.8 Feedwater Line Break)
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Figure 15.2-45: DHRS Heat Removal - Limiting DHRS Case (15.2.8 Feedwater Line Break)
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Figure 15.2-46: Steam Generator Train 1 Pressure - Limiting DHRS Case (15.2.8 Feedwater Line Break)
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Figure 15.2-47: Steam Generator Train 2 Pressure - Limiting DHRS Case (15.2.8 Feedwater Line Break)
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Figure 15.2-48: Reactor Coolant System Flowrate - Limiting DHRS Case (15.2.8 Feedwater Line Break)
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opening of a single ECCS valve if an ECCS actuation signal is present or DC power 
(EDSS) is not available (causes trip valve to fail open). Since the IAB is treated as a 
component not subject to single failure (Reference 15.6-4), failure of this device is an 
initiating event. Depressurization of the valve control chamber by a mechanical failure 
of the valve assembly is a similar initiating event. The mechanical failure results in an 
ECCS valve opening independent of the status of an ECCS signal or DC power 
availability. Single active failures, discussed in Section 15.6.6.3, were considered in each 
of these events but did not result in more limiting results for the acceptance criteria. 
The limiting event analyzed is a mechanical failure of the valve that depressurizes the 
control chamber at operating pressure.

The inadvertent opening of a single ECCS valve is not expected to occur during the 
lifetime of a module. However the event is conservatively categorized as an AOO, as 
indicated in Table 15.0-1.

The inadvertent opening of an RPV valve analysis evaluates the primary system 
response to the transient to verify that the event meets the acceptance criteria 
specified in Table 15.0-2.

15.6.6.2 Sequence of Events and Systems Operation

RAI 15.06.06-2

Sensitivity analyses are performed to identify the limiting event for the inadvertent 
operation of an ECCS valve. The limiting initiating event that results in the limiting 
MCHFR for this transient is the inadvertent opening of one RVVRRV. However, it is of 
note that the resulting MCHFR is similar to that of the inadvertent opening of an 
RRVRVV. For the following reasons, it is concluded that the RRV event is more 
challenging for MCHFR and is selected as the limiting event for this calculation:

• The RVV event leads to enhanced cooling of the fuel and cladding.

• The RRV event leads to a more extreme mismatch between power and flow than in 
the RVV event.

• The RRV event drives a more significant reduction in local hot-channel flow at the 
axial elevation of MCHFR. A reduction in flow would typically increase the fuel and 
cladding temperature.

The sequence of events is provided in Table 15.6-15. Unless otherwise specified, the 
analysis of an inadvertent opening of an RVVRRV assumes the plant control systems 
and engineered safety features perform as designed, with allowances for instrument 
uncertainty. No operator action is credited to mitigate the effects of the event.

15.6.6.3 Core and System Performance

15.6.6.3.1 Evaluation Model

The thermal hydraulic response to an inadvertent opening of an ECCS valve event 
exhibits unique transient progression relative to other AOO events analyzed for the 
NPM. This progression is divided into two phases:
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RAI 15.06.06-2
• RCS flow is biased low to minimize MCHFR conditions in the core.

RAI 15.06.06-2
• Pressurizer pressure was analyzed for two conditions: biased high and biased 

low. The limiting case was found with pressure biased highlow.

• IAB release pressure was assumed at the high end of its range (1000 psid) to 
maximize the depressurization.

RAI 15.06.06-2
• The initial pressurizer level is biased high to 68 percent. This pressurizer level 

resulted in a slightly more limiting MCHFR than an initial pressurizer level 
biased low because the smaller steam space volume maximizes the initial 
depressurization rate.

• Beginning-of-cycleFor calculating scram worth, limiting core parameters for 
Doppler temperature coefficient (-1.4 pcm/°F) and moderator temperature 
coefficient (0 pcm/°F) are used for calculating scram worth.

• The following conservative scram characteristics are assumed.

− The maximum time delay from the MPS signal to control rod movement 
(scram) is applied.

− The most reactive control rod is assumed to be stuck in the fully withdrawn 
position.

− The bounding control rod drop rate, shown in Figure 15.0-2, is applied.

• Beginning-of-cycle kinetic parameters with an additional 6 percent biasing are 
used in order to prolong the fission power transient, consistent with Reference 
15.6-1.

• Minimal reactivity feedback coefficents are conservatively applied in order to 
minimize negative feedback, consistent with Reference 15.6-1.

RAI 15.06.06-2
• A bounding middle peaked axial power shape is applied to maximize the 

highest axial peaking factor. Sensitivity studies confirm that this shape is 
limiting.

• An energy deposition factor of 1.0 is implemented such that all the core power 
is conservatively deposited in the fuel, consistent with Reference 15.6-1.

• The following loss of power scenarios are considered. However, MCHFR is not 
sensitive to a loss of power as it occurs very early in the transient sequence.

RAI 15.06.06-2
− No loss of power - In this scenario, all MPS and ESFs actuate as designed. 

The ECCS valve opening is dependent on both the MPS ECCS actuation 
setpoints on high CNV water level. Since loss of power has a negligible 
influence on MCHFR, this scenario is selected for the limiting case and the 
IAB release pressure setpoint.

− Loss of normal AC - When normal AC power is lost, the feedwater pumps 
coast down and a turbine trip is initiated, thus limiting RCS cooling via the 
secondary system. Reactor trip, containment isolation, secondary system 



NuScale Final Safety Analysis Report Decrease in Reactor Coolant Inventory

Tier 2 15.6-24 Draft Revision 4

isolation, and DHRS actuation occur after a 60-second delay following a loss 
of normal AC power. ECCS actuation occurs after a 24-hour delay following 
a loss of normal AC power. However, because DC power is still available, 
the MPS can still actuate a reactor trip, secondary system isolation, 
containment isolation, and DHRS, earlier if a separate actuation limit is 
reached. However, DHRS is not credited in this analysis. The event 
sequence for a loss of normal AC power is similar to that when no power is 
assumed lost. The primary difference is an earlier termination of secondary 
cooling. This scenario is non-limiting for the reasons described above. 

− Loss of the normal DC power system (EDNS) and normal AC - Power to the 
reactor trip breakers is provided via the EDNS, so the primary difference to 
a loss of normal AC power is that the reactor trip will occur sooner. This 
scenario is non-limiting for the reasons described above.

RAI 15-2S1, RAI 15.06.06-2
− Loss of the highly reliable DC power system (EDSS), EDNS, and normal AC - 

This scenario results in an immediate actuation of the reactor trip system, 
secondary system isolation, DHRS (although not credited in the analysis), 
and containment isolation. As power to the MPS is lost, the ECCS valve 
opening is dependent only on the IAB pressure release threshold. This 
scenario is non-limiting for the reasons described aboveidentified as 
limiting although it is similar to the power available scenarios due to the 
rapid nature of the transient.

RAI 15-2S1, RAI 15.06.06-2
• The single failure evaluation considered one RVV failing to open, one RRV 

failing to open, or failure of one ECCS division causing one RVV and one RRV to 
fail to open. The evaluation compared the results to a scenario with no single 
failure. The limiting MCHFR occurs within the first one second of the RVVRRV 
opening. No failures occur in a timeframe that affect this result. The evaluation 
showed that the single failure cases have no adverse impact on the limiting 
MCHFR or other acceptance criteria evaluated in this analysis. Therefore, the 
scenario with no single failure is limiting for this analysis. 

RAI 15-2S1
• The failure modes that could lead to a partial opening of an ECCS valve were 

characterized as having a remote probability of occurrence or were determined 
to not be credible. None of the credible component failure mechanisms that 
could prevent a full stroke of the ECCS valve have the potential to cause an 
ECCS valve to open. Therefore, a partial opening of an ECCS valve is not a 
credible initiating event. 

• Allowances for instrument inaccuracy are accounted for in the analytical limits 
of mitigating systems in accordance with the guidance provided in Regulatory 
Guide 1.105.

• No operator action is credited.

15.6.6.3.3 Results 

RAI 15.06.06-1, RAI 15.06.06-2
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Figure 15.6-55 to Figure 15.6-68 show the system response to an inadvertent 
RVVRRV opening event. Table 15.6-17 contains the results of the event. The limiting 
case is initiated by an inadvertent opening of an RVVRRV. Sensitivity analysis show 
that the limiting scenario has a loss of normal AC and DC power and no single 
failure occurs.

RAI 15.06.06-2

Upon the inadvertent RVVRRV opening, the large blowdown of steamthe RCS into 
the containment causes rapid depressurization of the RCS and rapid pressurization 
of the containment. Inadvertent RVVRRV flow is shown in Figure 15.6-56. The 
increase in containment pressure initiates a reactor scram, containment isolation 
andassumed loss of AC and DC power at time zero result in an immediate reactor 
scram, secondary system isolation., and DHRS actuation. However, DHRS operation 
is conservatively not credited in this analysis. The RCS and containment pressures 
are shown in Figure 15.6-57. The high containment pressure analytical limit is 
reached shortly after event initiation.

RAI 15.06.06-1

The rapid RCS depressurization causes voiding in the core and a momentary 
decrease in RCS flow (Figure 15.6-58 and Figure 15.6-59), leading to a reduction in 
CHFR (Figure 15.6-67 and Figure 15.6-68). Reactor power decreases during this 
time due to control rod insertion and negative void feedback, as seen in 
Figure 15.6-55 and Figure 15.6-60. Following the occurrence of transient MCHFR 
(Figure 15.6-67), a temporary increase in RCS flow is observed due to the increased 
density gradient from voiding in the riser (Figure 15.6-58).

RAI 15.06.06-2

The isolation of the secondary system from high containment pressurefollowing 
the loss of normal AC and DC power at transient initiation causes an increase in 
steam generator pressure, as seen in Figure 15.6-61. DHRS actuates on high main 
steam pressure, however, DHRS is conservatively not credited in the analysis. Heat 
transfer from the RCS to the secondary coolant isolated in the steam generator 
region is limited due to the decreasing RCS temperatures associated with 
decreasing pressure and saturation temperature. Steam generator pressure is not 
limiting for an inadvertent opening of an RPV valve event.

RAI 15.06.06-2

As primary coolant is released to the containment through the open RVVRRV, the 
inventory level inside the containment increases (Figure 15.6-62). ECCS actuation 
occurs on the high containment water level signal.The minimum collapsed liquid 
level remains  approximately 10 feet above the top of the active fuel throughout 
the event. As the RPV continues to depressurize, the differential pressure between 
the RPV and containment drops below the IAB threshold pressure, allowing the 
ECCS valves to open. Pressure and temperature inside the RPV continue a gradual 
downward trend, as shown in Figure 15.6-57, Figure 15.6-63, and Figure 15.6-64. 

After the remaining ECCS valves open and pressure equalizes across the RRVs, 
liquid coolant from the containment begins to flow into the RPV downcomer 
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region. This establishes a two phase natural circulation loop through the ECCS 
valves with steam exiting the pressurizer area into containment through the RVVs 
and liquid returning from the containment to the RPV through the RRVs. Decay 
heat and residual heat is transferred from the containment to the reactor pool 
resulting in the pressure and the temperature inside the RPV and containment 
continuing to decrease.

The transient continues until stable ECCS cooling has been established and RCS 
pressure and temperature continues to decrease. The module remains in a safe 
condition with liquid level maintained above the top of the core through the entire 
transient. The minimum collapsed liquid level occurs once quasi-equilibrium 
conditions are established between the RPV and containment and is approximately 
10 feet above the top of the active fuel. The fuel volume average temperature is 
shown in Figure 15.6-65 and fuel cladding temperature is shown in Figure 15.6-66. 

The MPS is credited to protect the module in the event of an inadvertent opening 
of an RVVRRV by the following MPS signals:

• high containment pressure, and

• high containment water level

No operator actions are credited for this event.

The event transitions to long-term cooling, similar to that described in 
Section 15.6.5.

15.6.6.4 Radiological Consequences 

Section 15.0.3 provides the radiological consequences for the NuScale infrequent 
events and postulated accidents. Radiological consequence analyses are not required 
for AOOs. Section 15.0.3 also presents the iodine spike DBST methodology and the 
radiological consequences of the iodine spike DBST. The inadvertent opening of an RPV 
valve does not result in fuel failure, therefore the iodine spike DBST bounds the source 
term, and thus the dose consequences, of this event.

15.6.6.5 Conclusions

The acceptance criteria for an AOO are listed in Table 15.0-2. These acceptance criteria, 
followed, by how the NuScale Power Plant design meets them, are listed below. 
Table 15.6-17 provides the results of the limiting scenario of an inadvertent opening of 
an RRVRVV.

1) Fuel cladding integrity shall be maintained by ensuring that minimum DNBR 
remains above the 95/95 DNBR limit. Minimum critical heat flux ratio (MCHFR) is 
used instead of minimum DNBR, as described in Section 4.4.2.

RAI 15.06.06-1, RAI 15.06.06-2

The fuel integrity is not challenged by the inadvertent opening of the RVVRRV. The 
fuel temperatures decrease upon the reactor trip, as shown in Figure 15.6-65 and 
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RAI 15.06.06-2

Table 15.6-15: Inadvertent Operation of an Emergency Core Cooling System Valve - 
Limiting MCHFR Event - Sequence of Events

Event Time (s)*
RRVRVV opens 0
Loss of normal AC and DC power 0
Control rods begin to fall Containment pressure reaches analytical limit 0.3
Minimum CHFR occurs 0.35
Control rods begin to fallfully inserted into core 2.3
Peak steam generator pressure is reached 25
Peak containment pressure is reached 52
Remaining ECCS valves open 392550
Natural circulation from containment to reactor pressure vessel is established 4072483
Peak steam generator pressure is reached 490
Minimum collapsed liquid level above the core 4192630
*Time rounded to the nearest tenth of a second.
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Table 15.6-16: Inadvertent Operation of an Emergency Core Cooling System Valve - 
Limiting MCHFR Event - Inputs

Description Units Nominal Analyzed Value
Core power MWt 160 163.2 (102%)
Pressurizer pressure psia 1850 17801920
Pressurizer level % 60 68
Reactor Coolant System Flow lbm/sec See Table 15.0-6 1179
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Table 15.6-17: Inadvertent Operation of an Emergency Core Cooling System Valve - 
Limiting MCHFR Event - Results*

Parameter Acceptance Criteria Value
Peak reactor pressure ≤2310 psia 19361796 psia
Peak steam generator pressure ≤2310 psia 5881037 psia
MCHFR 1.13 1.3241
Minimum collapsed liquid level above TAF >TAF 10.2 ft.
Fuel cladding integrity maintained Yes Yes
Generate more serious plant condition? No No
*Values increased to the whole number.
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