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February 9, 2009 
 
 
U.S. Nuclear Regulatory Commission 
Document Control Desk 
Washington, D.C.  20555-0001 
 
Subject: Response to Portion of NRC Request for Additional Information 

Letter No. 272 Related to ESBWR Design Certification Application 
ESBWR RAI Number 19.1-144 S03  

 
The purpose of this letter is to submit the GE Hitachi Nuclear Energy (GEH) 
response to the U.S. Nuclear Regulatory Commission (NRC) Request for 
Additional Information (RAI) dated November 5, 2008 (Reference 1).     
 
The previous RAIs and responses to RAI 19.1-144 are in references 2 through 7. 
The response to RAI Number 19.1-144 S03 is in Enclosure 1. 
 
If you have any questions or require additional information, please contact me. 
 
Sincerely, 

 
Richard E. Kingston 
Vice President, ESBWR Licensing  
 
 
 
 
 
 
 
 
 

GE Hitachi Nuclear Energy
 
Richard E. Kingston  
Vice President, ESBWR Licensing 

PO Box 780  
3901 Castle Hayne Road, M/C A-65 
Wilmington, NC 28402 USA 
 
T 910 675 6192 
F 910 362 6192 
rick.kingston@ge.com 
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Additional Information Letter No. 272 
 

Related to ESBWR Design Certification Application   
 

ESBWR Probabilistic Risk Assessment 
 

RAI Number 19.1-144 S03 
 
 
1 Original Responses previously submitted under MFN 06-442 and MFN 
06-442 S01 and S02 are included to provide historical continuity during 
review.
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NRC RAI 19.1-144 
 
Please provide calculations to demonstrate that short term and long term core cooling can be 
provided by isolation condenser system operation following an extended loss of the RWCU/SDC 
function from a cold shutdown condition. This information will assist the staff to address 
thermal-hydraulic uncertainty in the ESBWR passive design regarding shutdown success 
criteria. 
 
GEH Response 
 
The Technical Specifications for the ICS system require at least two of the four loops are 
operational during Mode 5 (Cold Shutdown). Additionally, the ICS instrumentation & actuation 
logic are required to be operable in Mode 5 (DCD LCO 3.3.5.3 and 3.3.5.4). ICS is only credited 
for Mode 5 during shutdown. It will not function during Mode 6 with the reactor vessel head 
removed. 
 
Loss of RWCU/SDC during shutdown would cause RPV pressure and temperature to both 
increase to near or above Mode 1 conditions. It is assumed that following loss of RWCU/SDC, 
the ICS would respond just at it would to a transient during power operations. The primary 
difference is that only two ICS loops are available and both are needed to meet the success 
criteria. 
 
Two ICS heat exchangers can remove 1.5% of decay heat. This level of decay heat occurs 
between 2000 and 4000 seconds following shutdown. Mode 5 (Cold Shutdown) will not occur 
until well after this time. Two functioning Isolation Condensers can meet the long term and 
short-term core cooling needs during Cold Shutdown. 
 
DCD/NEDO-33201 Impact 
 
No DCD changes will be made in response to this RAI. 
 
NEDO-33201 Rev 2 Chapter 16 will be revised as described above. 
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NRC RAI 19.1-144 S01 
 
The NRC staff has reviewed GEH’s response to RAI 19.1-144. This RAI requested GEH to 
provide calculations that demonstrate short term and long term core cooling using the ICS 
following an extended loss of the RWCU/SDC function from a cold shutdown condition. GEH did 
not provide the requested calculation. Instead, GEH responded that following loss of 
RWCU/SDC that ICS would respond just as it would to a transient during power operations. The 
staff is aware that the heat removal capability of the ICS is credited in the simulations of an 
ESBWR LOCA event in which there are non-condensible gases present. The NRC staff noted that 
comparison of the TRACG results to the PANTHERS data show that TRACG does not 
adequately model the timing of the noncondensible gas transport in the IC. The NRC staff is 
concerned about the impact of non-condensible gases given ICS operation from a cold shutdown 
condition. Also, the NRC staff seeks information on the anticipated RCS pressures and 
temperatures at 
which ICS operation can provide sustained core cooling. Therefore, as requested in RAI 19.1-
144, please provide a TRACG run that demonstrates short term and long term core cooling using 
the ICS following an extended loss of the RWCU/SDC function from a cold shutdown condition. 
 
GEH Response 
 
The performance of the ICS system has been evaluated for the initial condition of the reactor in 
Mode 1. The Mode 1 initial condition is bounding for operation of the ICS system as compared 
to starting from Mode 5 because the level of decay heat is lower for the Mode 5 condition (e.g. ~ 
8 hours after as opposed to very soon after reactor scram). The primary difference between these 
two initial conditions is the time delay involved with heating and pressurizing the reactor vessel 
when the initial condition is Mode 5. If non-condensable gases accumulate in the IC such that the 
heat transfer drops below the decay heat of the reactor, the reactor pressure would increase to the 
setpoint for opening of the ICS vent line. The ICS venting process is the same irrespective of the 
initial condition operating mode. No specific calculations have been performed for the ICS 
system with an initial condition of the reactor in Mode 5 since it is bounded by operation from 
Mode 1. DCD Table 15.1-5 “NSOA System Event Matrix” identifies the NSOA events in which 
the ICS operates with Mode 1 initial conditions. 
 
DCD Impact 
 
No DCD changes will be made in response to this RAI.
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NRC RAI 19.1-144 S02 
 
The staff reviewed GEH’s response to RAI 19.1-144 S01. The NRC staff is concerned about the 
impact of non-condensable gases given Isolation Condenser system (ICS) operation from a cold 
shutdown condition. The NRC staff also requested a calculation to demonstrate that short term 
and long term core cooling can be provided by ICS operation following an extended loss of the 
RWCU/SDC function from a cold shutdown condition. Successful, automatic, IC operation 
significantly reduces the risk of loss of RWCU/SDC events during Mode 5 (from internal events 
and external events). 
 
GEH responded that loss of RWCU/SDC during shutdown would cause reactor pressure vessel 
(RPV) pressure and temperature to both increase to near or above Mode 1 conditions. GEH 
responded that if non-condensable gases accumulate in the IC such that the heat transfer drops 
below the decay heat of the reactor, the reactor pressure would increase to the setpoint for 
opening of the ICS vent line. The ICS venting process is the same irrespective of the initial 
condition operating mode. GEH replied that no specific calculations have been performed for 
the ICS system with an initial condition of the reactor in Mode 5 since it is bounded by operation 
from Mode 1 conditions. 
 
The staff does not agree that Mode 1 conditions for successful IC operation bound Mode 5 
conditions. The staff requests the following information.  
 

A. As preparations take place for reactor vessel head removal in Mode 5, the vessel 
head space will be filled with air. The staff is requesting GEH to document the set 
point for the automatic opening of the vent valves in the DCD and in Chapter 16 of 
the TS for IC operability, or GEH should add the operator action to vent the IC in the 
PRA. 

 
B. The staff understands that vessel level will be raised above the level eight  (8) setpoint 

as preparations take place for reactor vessel head removal in Mode 5. The staff is 
concerned that the IC stub tube could become filled with water which would affect the 
ability of the IC to function. If GEH intends for the IC to initiate cooling with water in 
the IC stub tube, please demonstrate the ICS capability to remove decay heat at the 
highest maximum vessel level before de-tensioning of the reactor vessel head studs is 
initiated. 

 
C.  The staff is requesting GEH to document in the DCD the maximum initial vessel 

levels for IC operability and successful IC operation.  
 

D. If there are RCS configurations in Mode 5 operation that will not support IC 
operability, then the staff is requesting GEH to remove credit of the ICS from the 
baseline PRA and the RTNSS evaluation for PRA plant operational states, Mode 5 
and Mode 5-open.  

 
 
 



06-442, Supplement 3  Page 4 of  8  
Enclosure 1 

GEH Response 
 
 
A.  ICS venting is explicitly modeled in the fault tree for ICS system.  System function is fully 

dependant on venting.  As modeled, if venting fails in any loop, that loop fails in the 
model.  This is true for both the Level 1 model and the Shutdown model.  It is more 
limiting in the Shutdown model since only two ICS loops are available and both are 
required for success.  
 
The setpoint for automatic ICS venting of non-condensables is listed in DCD 5.4.6.2.3 
(1090 psi for lower header primary vent, lower header bypass vent is 1150 psi).  
Additionally, the ESBWR PRA has manual venting modeled for the ICS.  This action is 
modeled as a backup to the automatic action though.  The basic event in the model is 
“B32-XHE-FO-VENT – Operator fails to open ICS vent.”    

 
B. Vessel level will not be raised during Mode 5.  Discussions with engineers developing 

shutdown and outage planning have clarified this issue.  The sequence of events has all of 
the head bolts being removed prior to elevation of the water level above the dryer.  Level 
will only be raised for shielding/dose concerns prior to head removal, but after all head 
bolts are removed.  This means water level will not be elevated until Mode 6. 

 
C. Providing the maximum vessel level for IC operability to support the Shutdown PRA 

treatment is unnecessary.  Vessel level is not elevated until Mode 6, and ICS is not 
credited at all during Mode 6.   

 
D. The ESBWR Shutdown PRA credits the ICS in Mode 5 (and Mode 5 Open).  This is due 

to Technical Specifications requiring the system to be available throughout the mode.  
This is consistent with GEH treatment of other systems in developing the Shutdown 
PRA.   

 
There is a small disparity between how the modes are defined in the Technical Specification and 
how they are treated in the Shutdown PRA.  Technical Specifications state that Mode 6 is 
entered when the first head bolt is detentioned.  For the Shutdown PRA Mode 6 is defined as 
having the vessel head no longer providing a pressure seal.  This is likely some time after 
detentioning the first bolt but before vessel head removal.   
  
Due to this small disparity, a sensitivity analysis was conducted.  This sensitivity shows the 
Shutdown PRA results with no ICS credited for a period of Mode 5 Open immediately prior to 
transition to Mode 6.  Cases for the Mode 5 Open without ICS credited are evaluated at 8, 16, 
and 24 hours.  The full details of this analysis will be included in the Revision 4 update to 
Chapter 16 of NEDO 33201.    

The steps in the sensitivity were: 
- Edit Mode 5 Open event tree to remove ICS 
- Recalculate Initiating Event frequencies for Mode 5 and Mode 5 Open (Mode 5 

Open at 8, 16, & 24 hours). 
- Quantify Shutdown PRA for each case 
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 Mode 5 

(hours) 
Mode 5 Open 
(hours) 

ICS credited in 
Mode 5 Open 

Result 

Baseline Shutdown PRA 192 48 Yes 9.37E-09 
Case - 24HR-M5O 216 24 No 1.25E-08 
Case - 16HR-M5O 224 16 No 1.15E-08 
Case - 8HR-M5O 232 8 No 1.05E-08 
 
 
The results show an increase in CDF if ICS is not available for the duration of Mode 5 Open.  
However, the increase is relatively small and the top cutsets in each case remain the same.  The 
results in all cases are still dominated by lower drywell LOCA events, which are not impacted by 
ICS availability.  Even if a period of Mode 5 does occur with ICS inoperable, it is certain to be 
less than 24 hours, and will likely be less than 8.  The results of the sensitivity show that if an 
extended period exists during Mode 5 where ICS is inoperable, it does not impact the CDF 
enough to be classified as a ‘key’ risk insight.    
 
The full details of the above sensitivity cases will be included in NEDO 33201 Revision 4, 
Chapter 16.   
 
DCD/NEDO-33201 Impact 
 
No Changes to the DCD will be made in response to this RAI. 
NEDO-33201, Rev. 4 will be revised as noted in the above response. 
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NRC RAI 19.1-144 S03 
 
Question Summary 

Provide additional information regarding isolation condenser system operation for cold 
shutdown conditions. Shutdown IC Operation 

 

Full Text: 

 

The staff reviewed GEH response to RAI 19.1-144 S02. The staff understands that level must be 
raised at shutdown to remove the reactor vessel head. As documented in RAI 19.1-144S02, the 
staff is concerned that once the IC stub tube becomes filled with water, the ability of the isolation 
condenser (IC) to function would be adversely impacted. The staff requested GEH to document 
in the DCD the highest maximum vessel level at which the ICS can function. The staff also 
requested GEH to demonstrate the ICS capability to remove decay heat at the highest reactor 
vessel level before de-tensioning of the reactor vessel head studs is initiated. 

 

GEH then stated in Chapter 22 of the ESBWR PRA, Rev. 3 that “Many current operating plants 
raise the water level in the vessel prior to vessel head removal during shutdown. This is done to 
reduce the dose associated with removal of the reactor head and other refueling activities. For 
the ESBWR, this evolution disables ICS as flooding the vessel above the ICS inlets will disable 
the system” and “the relatively low risk numbers associated with shutdown are primarily the 
result of ICS and GDCS”. Since IC capability is risk significant, the staff requests the following 
information: 

 

1. GEH is requested to demonstrate the capability of the ICS to remove decay heat at the 
documented highest allowed vessel level. 

 

2. GEH is requested to document in the DCD whether opening of the reactor vessel head vent in 
Mode 5 could impact ICS operation. 

 

3. In GEH RAI response, GEH did not document in the DCD the reactor vessel level at which the 
ICS becomes non-functional as requested by the staff. GEH only mentioned in the RAI response 
that vessel level will not be raised during Mode 5. The failure of the operator to maintain proper 
level for ICS functionality is not modeled in the PRA. The staff considers this potential operator 
error to be risk-significant. The staff is requesting GEH to document in TS the highest reactor 
vessel level for ICS operability to ensure that the operators do not raise level such that ICS 
becomes disabled. 
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GEH Response 
 

The Shutdown PRA model is being revised in Section 16 of NEDO-33201 Revision 4 to 
remove credit for ICS during PRA Mode 5-Open, i.e., the period before the RPV head is 
removed for refueling (“Open” signifies that the containment head is removed).  This 
change will address the issues in this RAI and its supplements.  These issues are 
based on uncertainty about the performance of ICS when the RPV water level is outside 
of its normally controlled range in PRA Mode 5.  This change will only allow credit for 
ICS in the Shutdown PRA model when the RPV level is controlled at a level that is 
known to support ICS operation.  The effect of this change is a minor increase in 
Shutdown CDF and LRF, as explained in response to RAI 19.1-144 S02. 
RAI 19.1-144 and supplements 1 and 2 requested calculations to demonstrate that ICS 
could operate following an extended loss of shutdown cooling.  GEH responded by 
stating a long-term loss of shutdown cooling would cause RPV pressure and 
temperature to rise, and thus ICS would perform in the same manner that it would if 
there were an at-power RPV isolation.  Supplement 3 to this RAI raises the additional 
concern that ICS may not be functional if RPV water level is raised above the elevation 
of the ICS stub tubes.   
In Technical Specification (TS) Mode 5, the RPV water level is maintained below the 
ICS stub tubes.  TS Mode 6 is entered when the first RPV head bolt is de-tensioned.  
When the RPV head bolts are removed, and the RPV head is ready to be removed, 
RPV water level is raised above the top of the steam dryers for shielding purposes.  
During this time the RPV level rises above the ICS stub tube elevation; however, ICS is 
already inoperable, and not necessary, because the RPV head has been removed. 
The Shutdown PRA considers PRA Mode 6 as when the RPV head no longer provides 
a pressure seal.  This condition occurs after de-tensioning head bolts and before the 
RPV head is removed.  Therefore, there is a small time window in PRA Mode 5-Open 
(TS Mode 6) when RPV level could be raised to the point where ICS is inoperable.  
Because operational requirements on RPV level control are not specified until the 
detailed design phase, it is not known when the RPV water level will rise enough to 
make ICS inoperable during this evolution.  Therefore, it is more practical to remove 
credit for ICS operation during this time period (PRA Mode 5-Open).   
The sensitivity study that was described in the response to RAI 19.1-144 S02 shows 
that ICS is not risk significant in PRA Mode 5-Open and therefore, the treatment 
described above is considered to be appropriate. 
The specific items requested in this supplement are addressed as follows: 
Item 1: Demonstrating the capability of the ICS to remove decay heat at the 
documented highest allowed vessel level is not necessary to support the Shutdown 
PRA.  This is because, as stated above, operating procedures will maintain vessel level 
within a controlled band, and the Shutdown PRA is being revised so credit is taken for 
ICS only in Modes where vessel level is controlled. 
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Item 2: Opening of the reactor vessel head vent in TS Mode 5 is inconsequential 
because the average coolant temperature is less than or equal to 200 degrees F.  Other 
postulated scenarios, such as re-entering TS Mode 4 due to loss of decay heat removal 
represent a departure from normal operations to which the licensed unit’s operating staff 
must be prepared to respond.  This preparation is within the scope of emergency 
procedures that are discussed in DCD Tier 2 Section 13.5, and is not a part of the 
ESBWR design scope.   
 
Item 3: The sensitivity study provided in GEH response to RAI 19.1-144 Supplement 2 
demonstrates that loss of ICS in PRA Mode 5-Open is not risk significant.  The ability of 
operators to maintain proper vessel level such that ICS remains functional is important 
operational information, however, it does not meet the requirements of 10 CFR 50.36 
for inclusion into TS because it is not risk significant.   
DCD Impact 
 

No DCD changes will be made in response to this RAI. 

LTR NEDO-33201, Rev 4 will be revised as described above. 
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