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VIRGINIA ELECTRIC AND POWER COMPANY

RIci[MOND, VIRGINIA 23261 10 CFR 50.90

June 16, 2004

U. S. Nuclear Regulatory Commission Serial No. 03-407A
Attention: Document Control Desk NLOS/ETS
Washington, D.C. 20555 Docket No. 50-338

License No. NPF-4

VIRGINIA ELECTRIC AND POWER COMPANY (DOMINION)
NORTH ANNA POWER STATION UNIT 1
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION REGARDING
PROPOSED TECHNICAL SPECIFICATIONS CHANGES AND EXEMPTION
REQUEST FOR USE OF FRAMATOME ANP ADVANCED MARK-BW FUEL

In a March 28, 2002 letter (Serial No. 02-167), Virginia Electric and Power Company
(Dominion) requested an amendment to Facility Operating License Numbers NPF-4 and
NPF-7 and associated exemptions from 10 CFR 50.44 and 10 CFR 50.46 for North
Anna Power Station Units 1 and 2. The amendments and exemptions would permit
North Anna Units 1 and 2 to use Framatome ANP Advanced Mark-BW fuel. In letters
dated May 6, 2003 (Serial No. 03-313), and July 18,2003 (Serial No. 03-407), Dominion
submitted results of the Realistic Large Break LOCA (RLBLOCA) analyses for
Advanced Mark-BW fuel in North Anna Units 2 and 1, respectively. The RLBLOCA
information was presented in the form of supplements to the evaluation report provided
in our March 28, 2002 letter (specifically, report Section 7.2). The NRC separately
reviewed the Unit 2 analysis results first and approved a license amendment for the use
of Framatome fuel in North Anna Unit 2 on April 1, 2004.

In a May 28, 2004 facsimile and June 1, 2004 telephone call, the NRC requested
additional information to complete the review of the Unit 1 RLBLOCA analysis.
Supplemental information had been previously provided for the Unit 2 RLBLOCA and
SBLOCA analyses in the following letters: August 20, 2003 (Serial No. 03-313A),
August 26, 2003 (Serial No. 03-313B), September 5, 2003 (Serial No. 03-313C),
September 22, 2003 (Serial No. 03-313D), September 26, 2003 (Serial Nos. 03-313E
and F), November 10, 2003 (Serial No. 03-313G), December 8, 2003 (Serial No.
03-313H), December 17, 2003 (Serial No. 03-3131), January 6, 2004 (Serial No.
03-313J) and January 22, 2004 (Serial No. 03-313K), February 12, 2004 (Serial No.
03-313L), and March 1, 2004 (Serial No. 03-313M). In each of these letters Dominion
had indicated that the information provided was applicable to both North Anna Units 1
and 2 even though the requests for additional information received were specific to Unit
2. Our response to the current request for information cites the letters noted above, as
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applicable to the Unit 1 review. The attachment to this letter provides the requested
information.

In a June 14, 2004 telephone call, Dominion informed the NRC staff of recently
identified model errors and associated revision to the Unit 1 RLBLOCA analysis. The
revised analysis corrects three evaluation model errors, one of which is significant, in
accordance with the criteria of 10 CFR 50.46. Results of the revised analysis include a
significant reduction in calculated peak cladding temperature (PCT). The attached
responses include consideration of the effects of the errors, resultant corrections, and
revised Unit 1 analysis. Results of the revised analysis are being submitted under
separate correspondence for use in the NRC staff's Unit 1 review effort.

If you have any questions or require additional information, please contact us.

Very truly yours,

Leslie N. Hartz

Vice President - Nuclear Engineering

Attachment

Commitments made in this letter:

Similar commitments were made for Unit 2 to support the fuel transition program.

1. Add a penalty (currently 640F) to the peak cladding temperature for both North Anna
units, calculated by disabling the Forslund-Rohsenow correlation for rod-to-droplet
heat transfer (on the hot rod) when Tawit > Tmin. This departure from the methodology
in the approved RLBLOCA topical, EMF-2103(P)(A), will be documented in the North
Anna UFSAR.

2. The first report of LBLOCA PCT effects made per the provisions of
10CFR50.46(a)(3)(ii) following operation with Framatome ANP Advanced Mark-BW
fuel will include an additional 80F on the reported 95/95 PCT result, applicable to
both North Anna 1 and 2.

3. In future North Anna RLBLOCA analyses, the assumed treatment of RWST
temperature in the containment pressure analysis will be either a biased lower
bound or sampled range that encompasses the allowable Technical Specifications
values. This modeling change will be incorporated into the first RLBLOCA
reanalysis performed following operation with Advanced Mark-BW fuel.
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cc: U.S. Nuclear Regulatoy Commission

Region II
Sam Nunn Atlanta Federal Center
61 Forsyth Street, SW
Suite 23T85
Atlanta, GA 30303

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

Commissioner
Bureau of Radiological Health
1500 East Main Street
Suite 240
Richmond, VA 23218

Mr. S. R. Monarque
NRC Project Manager
U. S. Nuclear Regulatory Commission'
One White Flint North
11555 Rockville Pike
Mail Stop 8-H12
Rockville, MD 20852

Mr. M. T. Widmann
NRC Senior Resident Inspector
North Anna Power Station
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Subject: Proposed Technical Specifications Changes and Exemption Request
Framatome ANP Advanced Mark-BW Fuel

COMMONWEALTH OF VIRGINIA )
)

COUNTY OF HENRICO )

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by Leslie N. Hartz who is Vice President - Nuclear
Engineering of Virginia Electric and Power Company. She has affirmed before me that
she 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 her
knowledge and belief.

Acknowledged before me this _ day of d ) ,2004.

My Commission Expires: 3/31IOD

Notary Public
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Attachment 1

Response to Request for Additional Information
North Anna Unit 1 Loss of Coolant Analyses

Framatome Fuel Transition Program
Technical Specification Change

Virginia Electric and Power Company
(Dominion)

North Anna Power Station Unit I
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NORTH ANNA, UNIT 1 - LBLOCA QUESTIONS

NRC Question 1

Many of the analytical models in the North Anna, Unit 1 best estimate large break (LB)
loss-of-coolant-accident (LOCA) methodology are supported by empirical data taken at
temperatures less than 17000F, and by sensitivity studies performed at temperatures
less than 17000F.

The realistic large break (RLB) LOCA peak cladding temperature (PCT) spectrum
calculated for North Anna, Unit 1, using this methodology extends above 20000F. At
temperatures above 1700OF many of the principal phenomena which influence PCT
change or increase in their influence (e.g., cladding oxidation rate), such that the data
and sensitivity studies identified for cladding temperatures lower than 1700OF may not
apply.

Prominent among the phenomena of concern is heat transfer from the rod to the coolant
during the dispersed flow film boiling regime, S-RELAP5 uses the Forslund-Rohsenow
model which was developed using data from a test with geometry and thermal-hydraulic
conditions that are non-prototypic of the North Anna, Unit 1 core. While this model was
shown to have only a small effect below 17000F, this has not been demonstrated for the
higher temperatures predicted for the North Anna, Unit 1 calculation, which exceeds
20000F. Justify the applicability of the Forslund-Rohsenow model as it is used in the
proposed North Anna, Unit 1 plant licensing basis methodology. (The S-RELAP5
topical report presented a sensitivity study of the Forslund-Rohsenow model to PCT and
quench time to address this concern. However, the analyses for this study were at low
temperatures, which are not prototypic of North Anna, Unit 1.)

Dominion response

This question (Q2 among the Unit 2 questions) was originally addressed in Dominion
letter 03-313A, during an August 28, 2003 public meeting, and in letters 03-313F and
03-313G. These previous responses are applicable to both North Anna Units 1 and 2.
Letter 03-313G included the following commitment for a plant-specific departure from
the approved methodology of EMF-2103:

"Add a penalty (currently 64 OF) to the peak cladding temperature for both North
Anna units, calculated by disabling the Forslund-Rohsenow correlation for rod-to-
droplet heat transfer (on the hot rod) when Twait > Tmin. This departure from the
methodology in the approved RLBLOCA topical, EMF-2103(P)(A), will be
documented in the North Anna UFSAR."

As stated in letter 03-313G, the defined penalty was calculated by running the limiting
Unit 2 RLBLOCA case and will be applied to both North Anna units. Application of this
penalty is expected to be conservative in the revised analysis, which has calculated
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peak cladding temperatures significantly less than those submitted initially in letter 03-
407.

NRC Question 2

The North Anna, Unit 1 RLBLOCA calculations were ranged to 0.1 ft2, which is below
the minimum size in the current North Anna, Unit 1 LBLOCA. This size for North Anna,
Unit 1 falls in the current small break (SB) LOCA range. The supporting demonstration
plant analyses for the Framatome ANP RLBLOCA was accepted to this small size
because, for the demonstration plant, the phenomena that were predicted to occur were
indicative of a LBLOCA rather than a SBLOCA. Virginia Electric and Power Company
(VEPCO) is requested to justify that the ranging of break size, for application of the
Framatome ANP RLBLOCA methodology, does not result in phenomena occurring that
are atypical of a SBLOCA. Please refer to the supplemental submittal dated September
22, 2003, for Unit 2 as an example of an acceptable response.

Dominion response

This question (Q6 among the Unit 2 questions) was originally addressed in Dominion
letter 03-313A, during an August 28, 2003 public meeting, and in letter 03-313D. Letter
03-313D included the following discussion related to the behavior of the smallest
RLBLOCA break case analyzed:

"A set of 59 calculations was performed for NAPS Unit 2 using the RLBLOCA
methodology to support the operation of the plant with FANP Advanced Mark-BW
fuel. The smallest break size in this set was 0.44 ft2 (with the total break area
defined as the sum from both break junctions). From a review of the case
results, it was found that during blowdown the core region completely voided,
which is a large break characteristic. The liquid level in the core region began to
increase after the initiation of accumulator injection that occurred at about 130
seconds. This result for the smallest break analyzed provides confirmation that
SBLOCA phenomena did not occur in any of the 59 cases that were run using
the RLBLOCA methodology."

The Unit 1 RLBLOCA analysis was submitted in letter 03-407. Figure 7.2-6 included in
letter 03-407 indicates that the minimum break size analyzed for Unit 1 is larger than the
0.44 ft2 analyzed for Unit 2. Since the smallest break analyzed for Unit 1 is bounded by
the smallest break analyzed for Unit 2, the above response demonstrates that no
SBLOCA phenomena occur in any of the cases analyzed for both North Anna units.
This conclusion has been verified as applicable to the revised Unit 1 analysis.

NRC Question 3

VEPCO's qualitative discussion on the North Anna, Unit 1 is not sufficient to
demonstrate that the mixed core has been fully assessed. The North Anna, Unit 1
licensing basis LBLOCA methodology must be shown to be able to analyze all fuel in
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the North Anna Unit 1 core, not just the hot assembly. Provide values for PCT and total
oxidation (including pre-LOCA, LOCA cladding outside, and cladding post-rupture inside
oxidation) for the non-Framatome fuel in the core, and indicate how these values were
determined.

Dominion response

This question (Q9 among the Unit 2 questions) was originally addressed in letter 03-
313A, during an August 28, 2003 public meeting and in letter 03-313C. All previous
responses are applicable to both North Anna Unit 1 and 2. Letter 03-313A (page 8 of
14) included this statement which provides PCT results for the resident Westinghouse
fuel:

'The most recent report of these changes was provided to the NRC in a letter
dated May 21, 2003. This report documented licensing basis PCTs for NA-1 and
NA-2 LBLOCA of 2154OF and 2152TF, respectively. This report did not provide
cladding oxidation results. A bounding maximum hot rod oxidation value of 7.6%
has been calculated for the Westinghouse fuel in NA-1 and NA-2 using the
Westinghouse BASH LBLOCA ECCS Evaluation Model and includes both inside
and outside cladding oxidation. This result includes the effects of the BASH-EM
Transient Extension associated with downcomer boiling. It is noted that these
results do not reflect explicitly the operation of Westinghouse fuel as once-
burned or twice-burned assemblies. Fuel assemblies in the initial loading as
fresh fuel are limiting due to the dominant mitigating effect of reduced pellet initial
temperature with increased burnup and the effect of rod power (i.e., peaking
factor) reduction associated with increased bumup. Therefore, the existing
analyses are bounding for Westinghouse fuel in transition cores."

As previously stated, the existing analyses for Units 1 and 2 are bounding for
Westinghouse fuel in transition cores with Advanced Mark-BW fuel.

NRC Question 4

Table 7.2-2, 3.0 "Accident Boundary Conditions" lists the refueling water storage tank
(RWST) temperature as less than/equal to 600F. The North Anna Unit 1 Technical
Specification Surveillance Requirement 3.5.4.1 assures this value is not exceeded by
requiring the RWST temperature to be greater than or equal to 400F and less than or
equal to 500F.

a. Describe how the effect of the RWST water temperature at the Technical
Specification minimum has been considered in boron precipitation analyses.

b. Provide plots of the core temperature for adequate time periods after the
switchover to the sump to ensure that the core remains quenched and no heat up
is experienced when the suction is removed from the RWST, which is about
1 00F colder than the sump.
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Dominion response

Questions 4a and 4b were among the questions addressed as Questions 1 Oa and 10b
for North Anna Unit 2. Responses were originally providedin letter 03-313A, during an
August 28, 2003 public meeting, and in letters 03-313C and 03-313G. These previous
responses are applicable to both North Anna Unit 1 and 2.

The first part of this question was addressed in letter 03-313G for Unit 2 with a
supplemental evaluation that assessed the potential for boric acid precipitation due to
injection of low temperature RWST water following a LOCA. Letter 03-313G contained
the following conclusion, relating to the boron precipitation analysis:

Thus, this evaluation demonstrates that combinations of boron concentration
and temperature will not result in boron precipitation either preceding or following
hot leg switchover."

The conclusion continues to be valid for Unit 1 as well as Unit 2.

The second part of this question was addressed in letter 03-313G in the following
discussion, relating to the heat removal capability following switchover to the sump
recirculation cooling mode:

"Dominion has performed an evaluation of the downcomer-to-core fluid density
difference (driving head) and enthalpy condition (degree of subcooling) at the
time of initiation of sump recirculation relative to the conditions that were
demonstrated to exist at the time of core stabilization. Dominion's evaluation
demonstrates that the heat removal capacity (i.e., flow multiplied by enthalpy
rise) of the fluid supplied to the core from the downcomer just after initiation of
sump recirculation has approximately 84% of the heat removal capacity that it
had at the time of core stabilization. Because the core has only 67% to 69% of
the decay heat load just after initiation of sump recirculation that it had at the time
of core stabilization, the relative heat removal capacity of the fluid supplied to the
core is greater at the time of initiation of sump recirculation than at the time of
core stabilization. There may be an increase in cladding temperature from that
which existed just prior to switchover (due to higher core inlet temperature), and
there could be some readjustment in core and downcomer conditions while the
system hydraulics arrive at a new quasi-equilibrium state. However such
perturbations are expected to be minor, while the continued injection of water
recirculated from the containment sump ensures that the core temperature will be
maintained at an acceptably low value and that decay heat will be removed."

A review of Units 1 and 2 RLBLOCA results confirms that these prior evaluations in
response to Questions 10a and 10b are applicable to North Anna Units 1 and 2, in
response to Questions 4a and 4b. Since the revised Unit 1 analysis achieves quench
earlier, the quantitative details of this response bound the revised analysis.
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NRC Question 5

Please provide plots of PCT>,and containment pressure,.and corresponding saturation
temperature out to stable and'sustained quench and explain why significant downcomer
boiling would not occur at North Anna, Unit 1. Your supplemental submittal of
September 22, 2003 provides these plots for Unit 2. However, due to the differences in
the vessel internals, these plots must be submitted for North Anna, Unit 1.

Dominion response

This question (Q1 1 among the Unit 2 questions) was originally addressed in letter 03-
313D, which provided plots of PCT (elevation-independent) and reactor vessel
inventory. These same data are provided herein for both the original and revised Unit 1
analyses. Plots from the original analysis are provided in Figures 5-1 and 5-2. The
elevation independent peak cladding temperature is shown in Figure 5-1. It can be
seen in this figure that stable and sustained quench is established after about 440
seconds. Figure 5-2 shows that the reactor vessel liquid inventory remains reasonably
constant, exhibiting a rising trend. Figures 5-3 and 5-4 present the PCT and reactor
vessel mass behavior from the revised analysis. The revised analysis plots exhibit the
same trends, but demonstrate earlier quench, than the original analysis.

Figure 5-1, PCT Independent of Elevation (Original Analysis)
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Figure 5-2, Reactor Vessel Mass (Original Analysis)
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Figure 5-3, PCT Independent of Elevation (Revised Analysis)

800

2400

1800

C

2

E 1200
0

E

600

0 L
0 100 200 300 400

Time (s)
500 600 700 800



Serial No. 03-407A
Docket No. 50-338

Page 7 of 10
Figure 5-4, Reactor Vessel Mass (Revised Analysis)
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NRC Question 6

NRC staff studies using RELAP5 indicate that a downcomer lateral crossflow resistance
coefficient value of 0.2 to 0.3 is appropriate for PWRs. Also it is not clear that the North
Anna, Unit 1 analyses properly models heat conduction within the vessel wall (from the
outside surface of the wall to the downcomer surface of the wall). Please justify the
nodalization used in the North Anna, Unit 1 model for these issues.

Dominion response

The first part of this question (Ql1 b among the Unit 2 questions) was originally
addressed in Letter 03-313A. The following discussion, taken from the Letter 03-313A
response, is applicable to both North Anna Units 1 and 2:

'The downcomer cross flow resistance coefficients used in the RLBLOCA North
Anna Unit 2 analysis were zero, consistent with the approved evaluation model
sample problems.

The acceptability of using a zero form loss coefficient was addressed during the
generic licensing review of EMF-2103. For the review, two case studies were
performed to determine clad temperature sensitivity to best estimate cross flow
form loss resistances (friction is inherently treated in S-RELAP5). One set of
calculations was performed using a zero form loss coefficient, the other using
Idel'chek derived value of 0.1167...
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The form loss calculation for the three azimuthal junctions in the downcomer
applies the Idel'chek reference for flow through a curved pipe or rectangular duct.
Using an angle of curvature of 120° results in a form 'loss of 0.1167. The two
case studies applied the limiting calculations for the 3-loop sample problem
(presented in EMF-2103, Appendix D) and from a RLBLOCA analysis of a low
containment pressure plant (similar to North Anna 1 & 2). The results of the
study showed essentially no PCT impact."

The following response is provided to address the second part of this question
concerning nodalization assumed in the reactor vessel wall.

Heat structure nodalization of the reactor vessel downcomer modeled for the RLBLOCA
analysis of North Anna Unit 1 applies a progressive noding scheme. This scheme is the
result of sensitivity studies performed to address the generalized problem of numerical
heat conduction. There are no universal rules about nodalization schemes for heat
conduction; however, the accuracy of numerical heat conduction simulations is
dependent on: time step and mesh spacing. However, time steps used in S-RELAP5
RLBLOCA analyses are based on processes with faster response times than heat
conduction; hence, accuracy simply resolves to mesh spacing.

Framatome ANP mesh spacing sensitivity studies validate the assertion that mesh
spacing near the heat conductor's surface based on a Biot number of 1.0 is sufficient for
all phases of large break LOCA. The Biot number is expressed as

hAxB k'

where ax is the mesh spacing, h is the heat transfer coefficient and k is the thermal
conductivity. For common reactor vessel materials exposed to a post-blowdown
environment, this assumption results in a surface mesh size less than 0.02 feet [Note:
during blowdown, conduction from passive heat structures is conduction limited; that is,
conduction is unaffected by changes in fluid convection.] The progressive mesh spacing
scheme of doubling mesh sizes was evaluated by sensitivity studies and demonstrated
to be as accurate as using uniform mesh spacing equivalent to the surface mesh
spacing size. The heat structure nodalization used for all passive heat conductors in
the North Anna Unit 1 RLBLOCA analysis, including the downcomer, applies a mesh
spacing finer than those evaluated through sensitivity studies. It follows that the
simulation of heat removal from the downcomer represents an accurate and best-
estimate simulation of the heat conduction process.
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NRC Question 7 (received in June 1, 2004 phone call)

Justify the adequacy of the ,North Anna Unit 1 provisions .for emergency core cooling
system (ECCS) switchover from the injection mode to'.ECCS recirculation mode. Of
concern is the timeliness of the operator actions and procedural adequacy in the area of
RWST inventory in order to meet all switchover issues, particularly ECCS pump net
positive suction head. It is the staff's understanding that North Anna Unit 2 has a
special pump function that begins to add water to the sump on an ECCS signal prior to
ECCS switchover. Does Unit 1 have a similar pump priming function?

Dominion response

Review of plant design features, key analysis inputs and emergency operating
procedure guidance has confirmed that there are no differences between North Anna
Units 1 and 2 which would adversely impact the ability to maintain adequate ECCS
pump NPSH. Both North Anna Units 1 and 2 have the design feature mentioned, in
which a small portion of the Quench Spray flow (taking suction on the RWST) is
pumped into the sump to increase the NPSH.

NORTH ANNA UNIT 1, SBLOCA QUESTIONS

NRC Question 1

Please provide the PCT and total oxidation (the total of pre- and post-accident values)
for both the resident fuel and the Framatome fuel for North Anna, Unit 1 and describe
the manner in which the results of the resident fuel were generated.

Dominion response

Some of these SBLOCA results were provided in previous letters 03-245 (Advanced
Mark-BW) and 03-313L (Westinghouse NAIF fuel). The request of oxidation results for
Westinghouse fuel is a new request not previously received in the Unit 2 review. The
requested data are provided below, following the description concerning how the values
were obtained.

The oxidation value for NAIF corresponding to the previously provided PCT value of
14040F, is listed in Table 7-1. As described in Letter 03-245, a small break LOCA
analysis was performed specifically for North Anna Unit 1 based on Advanced Mark-BW
fuel. The resulting limiting case was then reanalyzed with all NAIF simulated in the
average core. This maximizes the flow diversion away from the hot channel, which was
modeled as an Advanced Mark-BW assembly (having approximately 2.5 psi higher axial
pressure drop than NAIF). This model incorporates the most severe mixed core
configuration between NAIF and Advanced Mark-BW fuel. The case results are
bounding for both fuel types. For Unit 1, this study showed the NAIF core configuration
limiting relative to all Advanced Mark-BW fuel. The limiting requested values, covering
both Advanced Mark-BW fuel and NAIF, are reported in Table 7-1.
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Table 7-1, Unit 1 SBLOCA Results Summary
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Fuel Typbe- Limiting PCT (0F)otaliocal
4 Oxidation (%)

Advanced 1404 0.31Mark-BW 14040.3
Westinghouse- 1404 0.,31
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