
VIRGINIA ELECTRIC AND POWER COMPANY 
RICHMOND, VIRGINIA 2326 1 

March 30, 2006 
U.S. Nuclear Regulatory Commission Serial No. 06-142 
Attention: Document Control Desk NL&OS/ETS RO 
Washington, D.C. 20555 Docket Nos. 50-3381339 

License Nos. NPF-417 

VIRGINIA ELECTRIC AND POWER COMPANY (DOMINION) 
NORTH ANNA POWER STATION UNIT NOS. 1 AND 2 
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION ON PROPOSED 
TECHNICAL SPECIFICATION CHANGES ON ADDITION OF ANALYTICAL 
METHODOLOGY TO THE CORE OPERATING LIMITS REPORT (TAC NOS. MC7526 
AND MC7527) 

By letter dated July 5, 2005 (Serial No. 05-419), Dominion submitted proposed license 
amendments for North Anna Units Nos. 1 and 2. The proposed changes would add a 
reference in Technical Specification 5.6.5.b, "Core Operating Limits Report (COLR), to 
allow the use of an alternate methodology to perform a thermal-hydraulics analysis to 
predict the critical heat flux and departure from nucleate boiling ratio (DNBR) for the 
Advanced Mark-BW fuel. In addition, Dominion requested the Nuclear Regulatory 
Commission (NRC) staff's approval of the sitelfuel typelcode specific Statistical Design 
Limits obtained by the plant specific implementation of the NRC-approved methodology 
documented in Topical Report VEP-NE-2-A, "Statistical DNBR Evaluation 
Methodology." In a letter dated February 14, 2006, the NRC staff requested additional 
information to complete the review. The attachment to this letter provides the requested 
information. 

Dominion continues to request approval of this license amendment request by 
September 1, 2006. This requested schedule permits in-house performance of DNB 
analyses with DOM-NAF-2 and the VIPRE-DIBWU codelcorrelation set in support of the 
use of AREVA AMBW fuel at North Anna Power Station Units 1 and 2 for operating 
cycles 20 and 19, respectively. This change will be implemented within 60 days of NRC 
approval. 

If you have any questions or require additional information, please contact 
Mr. Thomas Shaub at (804) 273-2763. 

Very truly yours, 

u& 4- 
William R. Matthews 
Senior Vice President - Nuclear Operations 

Attachment 

Commitments made in this letter: None 
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cc: U.S. Nuclear Regulatory Commission 
Region II 
Sam Nunn Atlanta Federal Center 
61 Forsyth Street, SW 
Suite 23T85 
Atlanta, Georgia 30303 

Mr. J. T. Reece 
NRC Senior Resident Inspector 
North Anna Power Station 

Mr. Stephen R. Monarque 
NRC Project Manager - Surry and North Anna 
U. S. Nuclear Regulatory Commission 
One White Flint North 
1 1 555 Rockville Pike 
Rockville, Maryland 20852 

Mr. J. E. Reasor, Jr. 
Old Dominion Electric Cooperative 
lnnsbrook Corporate Center 
4201 Dominion Blvd. 
Suite 300 
Glen Allen, Virginia 23060 

Commissioner 
Bureau of Radiological Health 
1500 East Main Street 
Suite 240 
Richmond, VA 2321 8 
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COMMONWEALTH OF VIRGINIA ) 
1 

COUNTY OF HENRICO ) 

The foregoing document was acknowledged before me, in and for the County and 
Commonwealth aforesaid, today by William R. Matthews, who is Senior Vice 
President - Nuclear Operations, of Virginia Electric and Power Company. He has 
affirmed before me that he is duly authorized to execute and file the foregoing document 
in behalf of that Company, and that the statements in the document are true to the best 
of his knowledge and belief. 

Acknowledged before me this ?@*day of y h d / ~ c h  ,2006. 

My Commission Expires: 31, d @ B .  

(SEAL) 



ATTACHMENT 

Serial No. 06-142 

Response to Request for Additional Information on Proposed Technical 
Specification Changes on Addition of Analytical Methodology to the Core 

Operating Limits Report 
(Tac Nos. MC7526 and MC7527) 

Virginia Electric and Power Company 
(Dominion) 

North Anna Power Station Units 1 and 2 
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Virainia Electric and Power Com~anv (Dominion) 
North Anna Power Station Unit Nos. 1 and 2 

Res~onse to Request for Additional Information on Pro~osed Technical 
S~ecification Chanaes on Addition of Analvtical Methodoloav to the Core 

O~eratina Limits ReDort (Tac Nos. MC7526 And MC7527) 

Background 

"By letter dated July 5, 2005, Virginia Electric and Power Company (VEPCO) submitted 
proposed license amendments to add a reference in Technical Specification 5.6.5.bJ 
"Core Operating Limits Report (COLR)," to permit the use of an alternate methodology 
to perform a thermal-hydraulic analysis to predict the critical heat flux (CHF) and 
departure from nucleate boiling (DNB) ratio (DNBR) for the Advanced Mark-BW 
(AMBW) fuel at North Anna Power Station, Unit Nos. 1 and 2 (North Anna 1 and 2). 
Within 45 days of the date of the letter, VEPCO is requested to respond to the following 
questions below." 

NRC Question 

I. Table 3.1.2- 1 lists the uncertainties, probability distributions, nominal values and 
standard deviation of statistically treated parameters. These uncertainties and 
distributions deviate somewhat from that listed in Table 4.2-1 in Attachment 6 to 
Dominion Letter Serial No. 02- 167 (L. N. Hartz to NRC, dated March 28, 2002). 

Provide the analyses performed to derive the uncertainty values and distributions of 
each of these parameters. The uncertainty analysis description should include, as 
appropriate, a block diagram depicting sensor, processing equipment, computer, 
and readout devices for each parameter channel. Within each element of the block 
diagram identify the accuracy, drift, range, span, operating limits, and setpoints. 
Identify the overall accuracy of each channel transmitter to final output and specify 
the minimum acceptable accuracy for use with the determination of the statistical 
design limit (SDL). 

Dominion Response 

Consistent with the Statistical DNBR Evaluation Methodology topical report [Reference 21, 
inlet temperature, pressurizer pressure, core thermal power, and vessel flow rate were 
selected as statistically treated parameters in the implementation analysis. The 
magnitudes and functional forms of the uncertainties for the statistically treated parameters 
were derived in a rigorous analysis of North Anna plant hardware and 
measurement/calibration procedures, and were summarized in Table 3.1.2-1 of Reference 
1. Bounding values for the uncertainties were then assumed in the implementation 
analyses of the Statistical DNBR Evaluation Methodology to cover potential plant changes. 

As noted by the NRC in their letter dated February 14, 2006 [Reference 61, the values for 
these uncertainties and distributions are different from those reported in Table 4.2-1 in 
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Attachment 6 to the Dominion letter dated March 28, 2002 (Serial No. 02-167) [Reference 
41. There are two reasons for these differences. First, the channel statistical accuracies for 
plant parameters evolve over time due to changes in instrumentation and calibration 
procedures. These changes are tracked via the station design control processes. Hence, 
it is important to use bounding values for the uncertainties in the process to cover potential 
plant changes. The discussion which follows provides the current assessment of the 
uncertainties. 

The second reason for the differences is directly related to the transition to AREVA fuel. 
Reference 4 submitted the analyses to support the transition from the Westinghouse fuel 
product to the AREVA Advanced Mark-BW fuel product. Those analyses relied upon 
NRC-approved methodologies developed by AREVA. Consequently, although the 
uncertainties for the inlet temperature, pressurizer pressure and vessel flow rate were 
quantified to be normal, two-sided, 95% probability distributions, the uncertainty 
distributions for these parameters in Reference 4 were assumed to be uniformly 
distributed in accordance with the AREVA Statistical Core Design for Mixing Vane Cores 
topical report [Reference 51. In contrast, these variables are treated with normal 
distributions in the Dominion Statistical DNBR Evaluation Methodology [Reference 21. 

Methodoloav 

The methodology used to combine the error components for a channel is the appropriate 
statistical combination of those groups of components which are statistically independent, 
i.e., not interactive. Those errors that are interactive are added arithmetically into groups 
to form independent groups that can be statistically combined. Systematic (bias) errors are 
combined arithmetically outside the radical. This methodology for the combination of 
uncertainties is termed the "Square Root of the Sum of the Squares" (SRSS). The 
calculation for the total statistical error allowance for a loop calibration by modules with 
systematic error(s) is defined as follows: 

+ (MI + M I  MTE)~ + (M2 + M ~ M T E ) ~  + + (Mn + M ~ M T E ) ~  + R D ~  + R T E ~  + RRA~]" 

where: 
CSA = Channel Statistical Accuracy 

SE = Systematic Error; i.e., error due to environmental conditions 

EA = Environmental Allowance 

PMA = Process Measurement Accuracy 

PEA = Primary Element Accuracy 

SCA = Sensor Calibration Accuracy 

SMTE = Sensor Measuring and Test Equipment 

SD = Sensor Drift 
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SPE 

STE 

SPSE 

M I  

M I  MTE 

M2 

M2MTE 

Mn 

MnMTE 

RD 

RTE 

RRA 

= Sensor Pressure Effect 

= Sensor Temperature Effect 

= Sensor Power Supply Effect 

= First Module Accuracy 

= First Module Measurement and Test Equipment Accuracy 

= Second Module Accuracy 

= Second Rack Measurement and Test Equipment Accuracy 

= nth Module Accuracy 

= nth Rack Measurement and Test Equipment Accuracy 

= Rack Drift 

= Rack Temperature Effects 

= Rack Readability Allowance 

Pressurizer Pressure 

Dominion has quantified the magnitude and distribution of uncertainty on the pressurizer 
pressure (system pressure) per the pressurizer pressure control system. Figure 1-1 
provides a simplified schematic of the pressurizer pressure control system. The current 
component accuracies for the pressurizer pressure control loop are shown in Table 1-1. In 
Reference 1, the pressurizer pressure uncertainty was quantified as a normal, two-sided, 
95% probability distribution with a magnitude of ? 3.30% of an 800 psi span or + 26.4 psi. 
Subsequent to our submittal, the calculation was revised to reflect the inclusion of a 
revised STE (increase from 0.713°/0 to 1.425%) for the pressure transmitter to reflect a 
wider variation in containment ambient temperature. The pressurizer pressure uncertainty 
is presently quantified as a normal, two-sided, 95% probability distribution with a 
magnitude of + 3.55% of an 800 psi span or k 28.4 psi. 

The pressurizer pressure uncertainty was conservatively applied in Reference 1 as a 
normal, two-sided, 95% probability distribution with a magnitude of + 30 psia and a 
standard deviation (a) of 15.306 psia. This assumed uncertainty represents the minimum 
required accuracy for the pressurizer pressure and bounds the quantified uncertainty. 

Averaae Tem~eratu re 

Dominion has quantified the magnitude and distribution of uncertainty on the average 
temperature (Tavg) per the Tavg rod control system. Figure 1-2 provides a simplified 
schematic of the Tavg rod control system. The current component accuracies for the Tavg 
rod control loop are shown in Table 1-2. In Reference 1, the average temperature 
uncertainty was quantified as a normal, two-sided, 95% probability distribution with a 
magnitude of k3.26% of span or k3.26"F. Subsequent to our submittal, the calculation 
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was revised to reflect a change in the accuracy of RTD amplifiers from 0.6% to 0.5%. The 
average temperature uncertainty is presently quantified as a normal, two-sided, 95% 
probability distribution with a magnitude of + 3.25% of span or k3.25"F. 

The average temperature uncertainty was conservatively applied in Reference 1 as a 
normal, two-sided, 95% probability distribution with a magnitude of + 4.2"F and a standard 
deviation (a) of 2.143"F. This assumed uncertainty represents the minimum required 
accuracy for Tavg and bounds the quantified uncertainty. 

Core Power 

Dominion has quantified the uncertainty on core power as measured by the secondary 
side heat balance. The inputs to the secondary side heat balance calculation are from 
feedwater temperature, steam pressure, feedwater flow differential pressure, moisture 
carryover, and the feedwater venturi flow coefficient. 

The overall uncertainty is calculated as follows. First, uncertainties on core power due to 
feedwater temperature, steam pressure, and feedwater flow differential pressure are 
determined on a loop basis. These uncertainties are combined to provide a loop power 
uncertainty. In the next step, the uncertainties on core power due to moisture carryover 
and feedwater venturi flow coefficients are determined on a total plant basis since the 
uncertainties in moisture carryover and measured flow coefficient could also represent 
some systematic biases in the test procedures. Finally, the loop power uncertainty is 
combined with the plant uncertainties due to moisture carryover and measured flow 
coefficient. Credit is taken in this step for the independence of the loop uncertainties. 
Reference flow testing was performed to quantify the feedwater venturi flow coefficients. 
The uncertainty of the flow coefficient was conservatively applied as 1 % to the secondary 
side heat balance calculation. 

Figures 1-3, 1-4 and 1-5 provide simplified schematics for the feedwater temperature, 
steam pressure, and feedwater flow differential pressure input to the plant computer. The 
component accuracies for the feedwater temperature, steam pressure and feedwater flow 
differential pressure input to the plant computer are shown in Tables 1-3, 1-4 and 1-5, 
respectively. Subsequent to our submittal, these have been revised from the input used to 
support Reference 1 as follows: 

The replacement of feedwater RTDs and a reduction in the corresponding 
calibration span from 600°F to 200°F. 

The inclusion of a revised STE (increase from 1.054% to 1.475%) for the steamline 
pressure transmitter to reflect a wider variation in containment ambient 
temperature. 

The reconfiguration of the input of feedwater flow differential pressure to the plant 
computer (i.e., the signal is not routed through the square-root function device). 

In Reference 1, the uncertainty on core power was quantified as 1.390% at an uprated 
power 2942.2 MWt. This parameter uncertainty is treated as a normal, two-sided, 95% 
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probability distribution and its standard deviation was calculated by dividing this value by 
1.96 to obtain 0.709%. The re-quantified uncertainty on core power using the revised 
uncertainty input is 1.250% at an uprated power 2942.2 MWt, and the corresponding 
standard deviation is 0.638%. 

The standard deviation used for the implementation of the Statistical DNBR Evaluation 
Methodology was 0.771%, which included additional conservatism to allow for future 
changes in plant hardware or calibration procedures without invalidating the analysis. This 
standard deviation corresponds to a +I 5 1  1 % uncertainty, treated as a normal, two-sided, 
95% probability distribution. This assumed uncertainty represents the minimum required 
accuracy for core power and bounds the quantified uncertainty. 

RCS Flow 

Dominion has quantified the uncertainty on the reactor coolant system (RCS) flow as 
measured by the control room board indication for the RCS loop elbow taps. RCS flow is 
determined by a precision flow calorimetric at the beginning of each cycle. The RCS flow 
is monitored by the cold leg elbow taps, which are normalized against the precision 
calorimetric. The inputs to the precision flow calorimetric are from power, hot leg 
temperature, and cold leg temperature. The power uncertainty is determined as 
previously discussed. Figures 1-6 and 1-7 provide simplified schematics for the hot and 
cold leg temperature input to the plant computer. Figure 1-8 provides a simplified 
schematic for the indication of the elbow tap output on the control board. The component 
accuracies for the hot and cold leg temperature input to the plant computer are shown in 
Table 1-7. The component accuracy for the elbow tap indicator is shown in Table 1-8. An 
additional uncertainty to the RCS flow is the effect of hot leg streaming. This is 
conservatively included both as random and systematic uncertainty. 

The overall uncertainty is calculated as follows. First, uncertainties on RCS flow due to 
core power, RCS hot leg temperature, RCS cold leg temperature, elbow tap indication, 
and hot leg streaming are determined on a loop basis. These uncertainties are then 
combined to provide a loop RCS flow uncertainty. In the next step, the uncertainty on RCS 
flow due to hot leg streaming is determined on a plant basis to account for the fact that the 
uncertainty in hot leg streaming could also represent some systematic bias which could 
effect the RCS flow uncertainty. Finally, the loop RCS flow uncertainty is combined with 
the plant uncertainty due to hot leg streaming. Credit is taken in this step for the 
independence of the loop uncertainties. 

In Reference 1, the uncertainty on RCS flow was quantified as 2.6048%. This parameter 
uncertainty is treated as a normal, two-sided, 95% probability distribution and its standard 
deviation was calculated by dividing this value by 1.96 to obtain 1.329%. Subsequent to 
our submittal, the RCS flow uncertainty was recalculated to credit the reduction in the core 
power uncertainty. The re-quantified uncertainty on RCS flow is 2.541%, and the 
corresponding standard deviation is 1.297%. 
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TABLE 1-2 

RCS TAVG Rod Control Signal 

Variable TCOLD 
% span 

1 SMTE 1 0.170 ISMTE 1 0.170 

I I t 

SCA 

SD 
SPE 
STE 
SPSE 

THOT 
Summator 

0.41 7 1 SCA 

Output of 
RTD Amp. 

0.41 7 

0.250 
0.000 
0.000 
0.000 

0.967 

M5 

M5MTE 
Output of 
Summator 

1 PMA 1 1.700 1 I 

SD 
SPE 
STE 
SPSE 

0.500 

0.120 

0.834* 

M6 

0.250 
0.000 
0.000 
0.000 

Output of 
RTD Amp. 

Summator 
0.500 

* Transfer equations are required to calculate the output uncertainty for these 
devices. 

0.967 

Output of 
Summator 
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TABLE 1-2 (continued) 

RCS TAvG Rod Control Signal 

Variable T AVG 

% span 

Turbine Impulse 
Pressure 

L 

T A V ~  Summing 
A ~ D .  

SCA I 0.500 
SMTE 0.205 
SD 0.500 
SPE 0.000 
STE 1.367 
SPSE 0.000 

Output of 
LeadILa 1.743 

TREF 
Summing 

Amp. 
MI6 0.250 

Output of 
LeadILag 2.330** 

Output of 
Summing 0.789* 

0.500 

Output of 
LeadILag 0.991 *** 

* Transfer equations are required to calculate the output uncertainty . 
device. 

for this 

** This is the Tavg uncertainty input into the Tavgrrref deviation device. 

*** This is the Tref uncertainty input into the Tavgrrref deviation device. 
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TABLE 1-2 (continued) 

RCS TAVG Rod Control Signal 

Variable 

Tava uncertaintv I 2.330 % 

I RackEffects 

Tref uncertainty 0.991 % 

CA* I 1.697 % 

RTE 

RRA 

0.500 % 

0.000 % 

Span 

CSA 

CSA 

3.25% 

"The Tavg controller deadband (CA) is +I .5OF. This 
corresponds to an accuracy (1.960) of 1.697%, based on a 
uniform probability distribution. 
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TABLE 1-3 

Feedwater Temperature Uncertainty 

Feedwater 

Temperature 

Uncertainty 

(O/O span) 

Variable 

PMA 

PEA 

SCA 

SMTE 0.000 (Note 1) 

0.375 

SPE 

STE 

SPSE 

M I  MTE 

RTE 

RRA 

CSA 

Span 

CSA 

SMTE included in manufacturer's accuracy for 
the resistance vs. temperature curve. 
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TABLE 1-4 

Steam Pressure Uncertainty 

Steam Pressure 

Uncertainty 

O/O span 

Variable 

EA 

PMA 

PEA 

SCA 

SMTE 

SD 

SPE 

STE 

SPSE 

M I  

M1 MTE 

RTE 

RRA 

CSA 

Span 1400 psi 

CSA 29.1 psi 
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TABLE 1-5 

Feedwater Flow Uncertainty 

Variable 
Uncertainty 

1 PMA I 0.000 I 
I PEA I 0.000 I 
1 SCA I 0.750 I 
1 SMTE 1 0.1 87 I 

1 SPE 1 1.118 1 
1 STE 1 1 .I52 I 
1 SPSE I 0.000 I 

I RTE I 0.500 I 
1 RRA I 0.000 1 
CSA 
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2.274 % dp span 

1.31 5 % flow span 

Span 

CS A 

5.00E+06 Ibm/hr 

6.57E+04 Ibm/hr 
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TABLE 1-6 

Core Power Uncertainty at 100% of 2942.2 MWt 

No. of 
Units Instrument 

Channels + Parameter Span 

200 

CSA(%) Process Uncertainty 

Feedwater 
Temperature 

psi 3 
Main Steamline 
Pressure psi 

Feedwater Flow 
Differential 
Pressure 

Volts 2 

Moisture 
Carryover 
Flow Coefficient % power 

Core Power 

* Includes credit for averaging of instrument channels 
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Variable 

PMA 

PEA 

SCA 

SMTE 

SD 

SPE 

STE 

SPSE 

Error for 
sensor* 

RMTE 

TABLE 1-7 

RCS Hot and Cold Leg Temperature Uncertainties 

T H o ~  Uncertainty 

% span 

TCOLD Uncertainty 

O/O span 

0.000 

0.000 

0.41 7 

0.1 70 

SPSE 

PMA 

PEA 

0.000 

0.000 

0.638 O/o 
0.442 OF 

(1 20 OF span) 

0.000 

0.000 

SCA 

SMTE 

Error for 
sensor 

0.41 7 

0.170 

SPE 

STE 

0.638 % 
0.766 OF 

(1 20 OF span) 

0.000 

0.000 

* Includes credit for averaging of three sensors. 

0.000 OF 

0.485 OF 

** The instrument loop calibration results are reviewed and verified to meet the 
specified uncertainty. 
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TABLE 1-8 

RCS Elbow Tap Uncertainty 

Variable 
Elbow Tap 
Uncertainty 
% dp span 

PMA I 0.000 1 
PEA I 0.000 I 
SCA I 0.750 I 
SMTE 1 0.240 1 

SPE I 0.000 1 

M I  MTE I 0.153 I 

STE 

SPSE 

0.906 

0.000 

RD 

RTE 

Error for dp 
wan terms* / 1.41 6 O/o dp span 

1 .OOO 

0.500 

RRA 

Error for flow 
span terms** / 2.1 43 O/O flow span 

1 .OOO 

CSA, Indicator*** 1 2.322% flow span I 

* RSS((SCA+SMTE),SD,STE, (MI +MI MTE)) 

** RSS((M2+M2MTE),RD,RTE, RRA) 

*** RSS(0.5*DP Span Terms*(120/95), Flow Span Terms) 
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TABLE 1-9 

RCS Flow Uncertainty* 

Variable 
RCS Flow 
Uncertainty 

I power I 2.139 

Random Uncertainty 
Components 

Uncertainty, % 

Streaming 

TCOLD 

Total Random Uncertainty 
on a loop-by-loop basis 

1.332 

1.250 

Elbow Taps 

Total Random Uncertainty 
on a plant-wide basis 

2.322 

1 Standard Deviation 

Total Plant Uncertainty 

* The RCS flow uncertainty was recalculated to credit the 
reduction in the core power uncertainty. 

2.541 
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FIGURE 1-1 

Pressurizer Pressure Control Signal 

FIGURE 1-2 

RCS TAVG Rod Control Signal 

Pressurizer 
Pressure 
Sensor 

MI  ,MI MTE 

MIA Station 
Setpoint Dial 
M2, M2MTE 

Tcold RTD '7 

+ 

Amplifier 

+ 

I Summator 
M6,MGMTE 

Loop Power 
Supply 
MI, MlMTE 

Isolator 

+ 
Summing 
Amplifier 
M3,M3MTE 

LeadlLag 
M12,MIPMTE 

Pressurizer Pressure 
Control Signal 

Median M13.MI3MTE 
Select * 

r First Stage Turb~ne 
Impulse Pressure 
Sensor ' 

Tref Summing 
Amplifier 
M16,MIGMTE 

LeadlLag 
M17.MI 7MTE 

Deviation 
Summing 
Amplifier 

* The Tavg Median Select Module consists of four individual devices which are 
shown in Table 1-2 as M8,M8MTE to M I  1 ,MI 1 MTE. 
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FIGURE 1-3 

Feedwater Temperature lnput to Plant Computer 

Temperature Input 1 RTD Module 1 Transmitter 1 1 M2,MPMTE 

FIGURE 1-4 

Steam Pressure lnput to Plant Computer 

Sensor MI ,  M I  MTE M2, M2MTE 

FIGURE 1-5 

Feedwater Flow Differential Pressure lnput to Plant Computer 

Feedwater dp 
Transmitter 

MI,  M1 MTE Module 
M2, M2MTE 
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FIGURE 1-6 

RCS Hot Leg Temperature lnput to Plant Computer 

RCS Hot Computer 
Temperature Input 

M I  ,MI MTE 
Transmitter 

FIGURE 1-7 

RCS Cold Leg Temperature lnput to Plant Computer 

Tem perature Input I RTD 1-4 Module 

RCS cold Leg 

I Transmitter I I M I  ,M2MTE I 

)Computer 

FIGURE 1-8 

RCS Loop Flow lnput to Plant Computer 

Transmitter 
M1 ,MI MTE Indicator 
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NRC Question 

2. Section 3.1 indicates that a bounding rod census curve and the DNB sensitivity to 
rod power were used in the determination of the SDL that results in core wide DNB 
probability of less than 0.1 % of the total fuel rods. 

a. Provide this bounding rod census curve, and describe the procedures to assure 
that the rod power distributions of North Anna 1 and 2 reload cores are bounded 
by this curve. 

Dominion Response 

The reference fuel rod census curve used for the determination of the SDL is listed in 
Table 2-1. This reference fuel rod census is the same as used by AREVA to determine 
the LYNXTIBWU SDLs [Reference 41. The fuel rod census is verified on a reload basis 
against the reference fuel rod census in accordance with the NRC-approved Reload 
Nuclear Design Methodology [Reference 3, Table 2, Item 211. This is a key analysis 
parameter that is evaluated for each reload per Reference 3 to verify that the docketed 
safety analysis remains bounding. 

Table 2-1 : AREVA AMBW Reference Fuel Rod Census 
for a Maximum Peaking Factor FAh = 1.587 

MAXIMUM % OF 
FUEL RODS IN CORE 

WITH FAh 2 
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FAh LIMIT 

4 
5 
6 
7 
8 
9 
10 
20 
30 
40 

CORE PEAK 

1.5213 
1.51 22 
1.5031 
1.4920 
1.4799 
1.4698 
1.4627 
1.4466 
1.3962 
1.3349 
1.587 
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b. Describe how the DNB sensitivity to rod power is obtained. 

Dominion Response 

The DNB sensitivity to rod power was estimated as a(DNBR)/a(l/FAh) using a linear 
regression analysis of the 2,000 random statepoints executed for each Nominal 
Statepoint. The specific values of d(DNBR)/a(l/FAh), denoted P, are listed in Tables 2-2 
and 2-3 below for all evaluated Nominal Statepoints. 

To ensure that the calculations were conservative, a one-sided tolerance limit of P was 
used: 

P* = P - t(a,v). s e w  
in which 

p* is the one-sided tolerance limit on fi 
t(a,v) is the T-statistic with significance level a and v degrees of freedom. For 2,000 
observations at a 0.05 level of significance, t(0.05,2000) = 1.645. 
se(P) is the standard error of P. 

The variable 1/FAh was the most statistically significant independent variable in the linear 
regression model, yielding R' values larger than 98%. The value of the statistic parameter 
F for 11FAh was the largest for all statepoints, which indicates that the variable 11FAh 
accounts for the largest amount of the variation in the DNBR. 

Table 2-2: a(DNBR)/ a(l1FAh) Estimation for BWU-Z/ZM 
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Table 2-3: d(DNBR)/ a(l/FAh) Estimation for BWU-N 

NRC Question 

3. Tables 3.1.6- 1 and 3.1.6-2 list the nominal statepoints for the Advanced Mark- B W 
(AMBW) fuel with BWU-Z/ZM and BWU-N CHF correlations, respectively, for the 
Monte Carlo analysis. 

Explain the reason for the selection of 9 statepoints with 0 axial offset and 16 
statepoints with negative axial offsets for the BWU-Z/ZM and the BWU-N 
correlations, respectively. 

Dominion Response 

The methodology described in Reference 2 requires that several sets of base conditions, 
known as "Nominal Statepoints," be defined for each CHF correlation. Then, 2000 
"Random Statepoints" are generated by the random number generators about each one of 
the Nominal Statepoints. The Nominal Statepoints must span the range of conditions over 
which the statistical methodology will be applied. To cover the range of full flow events, 
Nominal Statepoints are selected on the DNB-limiting portions of the Core Thermal Limits 
(CTLs), at the high and low temperature extremes, and at each of four representative 
pressures. In order to apply the methodology to low flow events, a low flow statepoint is 
also included. 

The Nominal Statepoints for the BWU-ZIZM correlation are listed in Table 3.1.6-1 in 
Reference 1. Two statepoints were selected at each of the four CTL pressures (2400, 
2250, 2000 and 1860 psia). The values of 2400 psia and 1860 psia bound the high and 
low pressure reactor trip setpoints respectively, while 2250 and 2000 psia are included as 
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representative intermediate points. Based on the definition of the North Anna CTLs, 
statepoints at 11 8% power (a safety analysis limit that bounds the overpower and high-flux 
reactor trip limits) and at a lower power were selected at each pressure. The lower power 
statepoint was located near the intercept of the DNBR limit line with the vessel exit boiling 
line. The inlet temperature used for each statepoint is calculated by determining the inlet 
temperature that would result in the desired MDNBR for each statepoint (A-H). In addition, 
a low flow statepoint (I) was selected. 

The Nominal Statepoints for the BWU-ZIZM CHF correlation used a 1.55 chopped cosine 
axial power shape (0.0 axial offset), consistent with the selection of the CTLs and with 
previous implementations of the USNRC-approved Statistical DNBR Evaluation 
Methodology [Reference 21. Sensitivity studies were performed using positively and 
negatively skewed power shapes to demonstrate the appropriateness of the use of the 
1.55 chopped cosine axial power shape, and it was concluded that the SDL calculated 
with the Statistical DNBR Evaluation Methodology is insensitive to the axial offset of the 
evaluated power shape. 

The Nominal Statepoints (A-I) for the BWU-N CHF correlation correspond to the Nominal 
Statepoints for the BWU-ZJZM correlation, but use a negatively skewed axial power shape 
with an axial offset of -48.0%. This was necessary in order to obtain the MDNBR below 
the first mixing vane (located at 46.7 in elevation), because that is the region of the fuel 
assembly where the BWU-N correlation is applicable. Seven additional Nominal 
Statepoints (Al,  C1, E l ,  GI ,  A2, C2, H2) were also created using less skewed 
powershapes (-32.5% and -24.8%) that might result in MDNBR values below the first 
mixing vane, to evaluate the sensitivity of the results to the axial offset. The inlet 
temperature used for each statepoint is calculated by determining the inlet temperature 
that would result in the desired MDNBR for each statepoint. 

All the Nominal Statepoints use a North Anna uprated power of 2942.2 MWt, and a 
nominal maximum statistical F A ~ N  of 1.587. The results of this analysis bound the current 
North Anna operating limits (2893 MWt and maximum statistical FAhN of 1.538), and will 
be valid if Dominion chooses to uprate or increase the maximum statistical F A ~ N .  

NRC Question 

4. To demonstrate that the selected nominal statepoints provide a bounding DNBR 
standard deviation for any set of conditions to which the statistical methodology may 
be applied, Section 3.1.8 indicates that a regression analysis was performed using 
the unrandomized DNBR standard deviations at each nominal statepoint as 
dependent variable and the nominal statepoint pressure, inlet temperatures, powers, 
and flow rates as independent variables. It concludes that all the regression 
analyses performed for each independent variable showed extremely low 
correlation factors, which indicates that the unrandomized DNBR standard 
deviations are not related to the independent variables evaluated. Figures 3.1.8-1 
and 3.1.8-2 provide sample results for the BWU-Z/ZM and BWU-N correlations, 
respectively, that show the standard deviation of unrandomized DNBR at each 
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statepoint as a function of inlet temperature, and linear regression functions and 
correlation coefficients, F?. 

a. Clarify the term "unrandomized DNBR standard deviations at each nominal 
statepoint. 

Dominion Response 

In accordance with the NRC-approved Dominion Statistical DNBR Evaluation 
Methodology [Reference 21, the analyses in Reference 1 generated 2,000 random 
statepoints about each of the Nominal Statepoints. Each one of the random statepoints 
was then executed with the VIPRE-D code, and a MDNBR value was obtained. The 
standard deviation for the distribution of the 2,000 MDNBRs obtained around each 
Nominal Statepoint is what Reference 1 refers to as the "unrandomized DNBR standard 
deviation at each nominal statepoint." 

These standard deviations were termed "unrandomized" to distinguish them from the 
"randomized standard deviations" that are used at different points of the Statistical 
DNBR Evaluation Methodology. The "randomized" standard deviations are obtained by 
correcting the "unrandomized" standard deviations for the CHF correlation uncertainty. 

6. Provide and justify the limit value of F? used to determine whether the 
unrandomized DNBR standard deviations are related to an independent variable. 

Dominion Response 

R~ describes the strength of the association between the DNBR and the various 
independent variables, that is, the fraction of the variance of the DNBR that can be 
explained from the variance of the other variables. Even though a specific R~ limit was 
not formalized, values of 50% or less indicate that the independent variable under study 
was statistically insignificant. Table 4-1 below lists the values of the R~ correlation 
coefficients obtained for all the regression analyses performed to validate the selected 
Nominal Statepoints and shows that the R~ values were at or below 50%. 

The goal of these regression analyses was to show that the selected Nominal Statepoints 
provide a bounding standard deviation for any set of conditions to which the methodology 
may potentially be applied. Then, it was necessary to demonstrate that S T ~ T A L  as 
calculated in Reference 1 was maximized for any conceivable set of conditions at which 
the core may approach the SDL. This was performed as follows: 

1) Plot the unrandomized DNBR standard deviations at each nominal statepoint as 
the dependent variable against the Nominal Statepoint pressures, inlet 
temperatures, powers and flow rates as the independent variables. Observe 
whether or not clear trends were noticeable assessing if increasing or decreasing 
the value of the independent variable would result in a higher unrandomized DNBR 
standard deviation. Such trends were not observed for any of the variables. 
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2) Linear curve fits were imposed to each set of variables, and the R~ coefficients 
were logged. The largest R2 was 40%. 

3) Polynomial curve fits were imposed upon each set of variables, in an attempt to find 
whether or not some other relation could explain the data trends. The R2 were 
logged again and the maximum was 50.6% 

An evaluation of all the data, linear fits, polynomial fits and R~ coefficients indicates that 
there are no discernible trends in the database. Therefore, it was concluded that STOTAL 

had been maximized for any conceivable set of conditions at which the core may approach 
the SDL and that the selected Nominal Statepoints provide a bounding standard deviation 
for any set of conditions to which the methodology may potentially be applied. 

c. Provide the results of the regression analyses for all statistically treated 
parameters as independent variables. 

Dominion Response 

Table 4-1 below lists the R2 coefficients obtained for the verification of the Nominal 
Statepoints. 

Table 4-1: R~ Coefficients for the Verification of the Nominal Statepoints 

I -  - I swu-UZM I Bwu-N 
RL 

Polynomial 
Regression 
[grade] 

18.8% [2] 

31 . l% [2] 

R~ 
Linear 
regression 

PRESSURE 

TEMPERATURE 

R~ 
Polynomial 

Freyon grade 

FI2 
Linear 
regression 

NRC Question 

I 

40.8% 

3.4% 

FLOW RATE 

POWER 

To verify that the existing reactor core safety limits and protection setpoints in the 
Technical Specifications remain acceptable as a result of implementation of the 
Statistical DNBR Evaluation Methodology to AREVA AMBW fuel at North Anna 1 
and 2 with VIPRE-D/BWU, Section 3.2.6 describes the calculations performed for 
the selected statepoint conditions that include core thermal limits, axial offset 
envelopes, and several transient events, and concludes that the results of the 
calculation demonstrate that the minimum DNBR values are equal to or greater than 
the applicable safety analysis limit of 1.60. 
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35.7% [4] 

0.1 % 

21.6% 
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30.8% 
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11.1% 

6.8% 
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Provide the list of the selected statepoints 
statepoint. 

and the calculation results for each 

Dominion Response 

Table 5-1 lists the input conditions as well as the MDNBR results for all the statepoints 
used for the verification of the North Anna Statistical DNBR Design Limits and Safety 
Analysis Limits. These results were obtained with the VIPRE-D 14-Channel production 
model for North Anna. The results of the calculations demonstrate that the minimum 
DNBR values are equal to or greater than the applicable safety analysis limit of 1.60 for 
all the Reactor Core Safety Limits, the OTAT, OPAT and FA1 reactor trip setpoints, as 
well as all the evaluated Chapter 15 events (including the LOFA and LOCROT) with an 
F ~ H ~  of 1.587. 

Table 5-1: Statepoints used for the verification of the North Anna Statistical DNBR 
Design Limits 
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Case # 

1.1 
2.1 
3 
4 
5 

I I I 

Pressure 
[psial 
2250.0 
2250.0 
2250.0 
2250.0 
2250.0 

Power 
["/.I 
118 
118 
1 18 
118 
118 

Temperature 
[OF1 

551.1 
573.0 
563.8 
561 .O 
555.0 

[y 
-48.0 
-32.5 
6.0 
9.8 
14.1 

MDNBR 

1.723 
1.752 
1.767 
1.804 
1.767 

Flow 
[%I 
100 
100 
100 
100 
100 

1.587 
1.587 
1.587 
1.587 
1.587 



Serial No. 06-1 42 
Docket Nos. 50-3381339 

Page 27 of 31 



Serial No. 06-142 
Docket Nos. 50-3381339 

Page 28 of 31 



Serial No. 06-1 42 
Docket Nos. 50-3381339 

Case # 

114 578.9 

Flow 
[%I MDNBR [%I 
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Case # 

167 2250.0 
1 70 2350.0 
171 2350.0 
1 72 2350.0 
1 73 2350.0 

RWSCa 2320.0 
HF-MSLB a 901.5 

I"' 
1.538 
1.538 

100 1.968 
99.7 5.688 

a These are deterministic cases, and the applicable DNBR limits would be the DDLs 
listed in Table 3.2.4-1 in Reference 1. 
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