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CLAS SIFICATION/DISCLAIMER

The data, techniques, information, and conclusions in this report have been 

prepared solely for use by Virginia Electric and Power Company (the Company), and they 

may not be appropriate for use in situations other than those for which they have been 

specifically prepared. The Company therefore makes no claim or warranty whatsoever, 

express or implied, as to their accuracy, usefulness, or applicability. In particular, THE 

COMPANY MAKES NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR 

A PARTICULAR PURPOSE, NOR SHALL ANY WARRANTY BE DEEMED TO 

ARISE FROM COURSE OF DEALING OR USAGE OF TRADE, with respect to this 

report or any of the data, techniques, information, or conclusions in it. By making this 

report available, the Company does not authorize its use by others, and any such use is 

expressly forbidden except with the prior written approval of the Company. Any such 

written approval shall itself be deemed to incorporate the disclaimers of liability and 

disclaimers of warranties provided herein. In no event shall the Company be liable, under 

any legal theory whatsoever (whether contract, tort, warranty, or strict or absolute 

liability), for any property damage, mental or physical injury or death, loss of use of 

property, or other damage resulting from or arising out of the use, authorized or 

unauthorized, of this report or the data, techniques, information, or conclusions in it.
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PREFACE 

This report presents the analysis and evaluation of the physics tests which were 

performed to verify that the North Anna Unit 1, Cycle 16 core could be operated safely, 

and makes an initial evaluation of the performance of the core. It is not the intent of this 

report to discuss the particular methods of testing or to present the detailed data taken.  

Standard testing techniques and methods of data analysis were used. The test data, results 

and evaluations, together with the detailed startup procedures, are on file at the North 

Anna Power Station. Therefore, only a cursory discussion of these items is included in 

this report. The analyses presented include a brief summary of each test, a comparison of 

the test results with design predictions, and an evaluation of the results.  

The North Anna Unit 1, Cycle 16 startup physics tests results and evaluation 

sheets are included as an appendix to provide additional information on the startup test 

results. Each data sheet provides the following information: 1) test identification, 2) test 

conditions (design), 3) test conditions (actual), 4) test results, 5) acceptance criteria, and 

6) comments concerning the test. These sheets provide a compact summary of the startup 

test results in a consistent format. The design test conditions and design values (at design 

conditions) of the measured parameters were completed prior to the startup physics 

testing. The entries for the design values were based on the calculations performed by 

Virginia Electric and Power Company's Nuclear Analysis and Fuel Group'. During the 

tests, the data sheets were used as guidelines both to verify that the proper test conditions 

were met and to facilitate the preliminary comparison between measured and predicted 

test results, thus enabling a quick identification of possible problems occurring during the 

tests.
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SECTION 1

INTRODUCTION AND SUMMARY 

On September 9, 2001 Unit No. 1 of the North Anna Power Station shut down for 

its fifteenth refueling. During this shutdown, 88 of the 157 fuel assemblies in the core 

were replaced with 64 fresh assemblies and 24 twice-burned assemblies. The Cycle 16 

core consists of 8 sub-batches of fuel: two once-burned batches from Cycle 15 (batches 

17A and 17B); four twice-burned batches, one batch from Cycle 13 and North Anna 2 

Cycle 14 (batch 15B), one batch from North Anna 2 Cycles 12 and 13 (batch N2/14B), 

and two batches from North Anna 2 Cycles 13 and 14 (batches N2/15A and N2/15B); and 

two fresh batches (batches 18A and 18B). The fresh batches are of a similar design to the 

Westinghouse batch 17 fuel (fresh fuel in Cycle 15).  

Special features of the N1C16 reload core include: all Westinghouse NAIF/P+Z 

fuel and burnable poison inserts with a 127.2" axial absorber region. All fuel assemblies 

are of the Westinghouse NAIF/P+Z design which includes ZIRLO fuel cladding, 

intermediate grids, guide tubes, and instrumentation tubes as well as debris resistance 

features that are part of the Westinghouse Performance+ design.  

The burnable poison rod design for this cycle is B4C in Alumina, which has an 

active absorber length of 127.2 inches and is available in various B4C enrichments. The
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127.2 inch design is located such that the bottom of the absorber is approximately 9 

inches above the bottom of the active fuel length and the top of the absorber is 

approximately 7.8 inches below the top of the active fuel length relative to the NAIF/P+Z 

fuel design. There are no thimble plugging devices or secondary sources inserted in 

N1C16. There are no vibration suppression damping assemblies inserted in N1C16 since 

they have not shown to successfully prevent grid to rod fretting caused by assembly 

vibration. Reference 1 provides a more detailed description of the Cycle 16 core.  

The core loading pattern and the design parameters for each sub-batch are shown 

in Figure 1.1. Beginning of cycle fuel assembly burnups are given in Figure 1.2 and 

documented in Reference 6. The available incore moveable detector locations used for 

the flux map analyses are identified in Figure 1.3. Figure 1.4 identifies the location and 

number of burnable poison rods for Cycle 16, and Figure 1.5 identifies the location and 

number of control rods in the Cycle 16 core.  

On October 9, 2001 at 13:15, the Cycle 16 core achieved initial criticality. Prior 

to and following criticality, startup physics tests were performed as outlined in Table 1.1.  

A summary of the results of these tests follows: 

The measured drop time of each control rod was within the appropriate limit 

specified in Technical Specification 3.1.3.4. Reference 10 set an additional 

administrative limit for rod drops times such that all rods must drop within 2.03 seconds,
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with the exception of "A"-bank rods. The "A" bank rods must drop within 2.25 seconds, 

with an average "A"-bank drop time limit of 2.03 seconds.  

This cycle marks the second Unit 1 use of the FTI Reactivity Measurement and 

Analysis System (RMAS) to perform startup physics testing. The tests performed are the 

same as in previous cycles. However, the analysis of data taken during the tests has been 

simplified and thus the analysis time has been reduced.  

Individual control rod bank worths were measured using the rod swap technique 

(References 2 and 5), incorporating the recommendations of Reference 11. The sum of 

the individual measured control rod bank worths was within 1.43% of the design 

prediction and the reference bank worth was within 0.20% of its design prediction. The 

other control rod banks were within 4.05% or 39.3 pcm (for bank "SB") of the design 

predictions. These results are within the design tolerances of -'15% for individual banks 

worth more than 600 pcm (-10% for the rod swap reference bank worth), `100 pcm for 

individual banks worth 600 pcm or less, and -10% for the sum of the individual control 

rod bank worths.  

Measured critical boron concentrations for two control bank configurations were 

within 24 ppm of the design predictions. These results were within the design tolerances 

and also met the Technical Specification 4.1.1.1.2 criterion that the overall core reactivity 

balance shall be within -1% Ak/k of the design prediction.
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The boron worth coefficient measurement was within 2.01% of the design 

prediction, which is within the design tolerance of + 10%.  

The measured isothermal temperature coefficient (ITC) for the all-rods-out (ARO) 

configuration was within 0.42 pcm/IF of the design prediction. This result is within the 

design tolerance of `3 pcm/PF. The measured ITC of -2.87 pcmIF meets the Core 

Operating Limits Report (COLR) 2.1.1 criterion that the moderator temperature 

coefficient (MTC) be less than or equal to +6.0 pcmI0F. When the Doppler temperature 

coefficient and a 0.5 pcm/1 F uncertainty are accounted for in the MTC limit, the MTC 

requirement is satisfied as long as the ITC is less than or equal to +3.75 pcm/F.  

Mode 1 (see Reference 4) core power distributions were within established design 

tolerances. Generally, the measured core power distributions were within 5% of the 

design predictions, with a maximum deviation of 10.6% for the 29% power map, which 

decreased to 4.5% for the 100% power map. The heat flux hot channel factors, F-Q(Z), 

and enthalpy rise hot channel factors, F-DH(N), were within the limits of COLR Sections 

2.5.1 and 2.6, respectively.  

In summary, all startup physics test results were acceptable. Detailed results, 

specific design tolerances and acceptance criteria for each measurement are presented in 

the following sections of this report.
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Table 1.1

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
CHRONOLOGY OF TESTS

Test 
Hot Rod Drop-Hot Full Fl-ow 
Reactivity Computer Checkout 
Boron Endpoint - ARO 

Zero Power Testing Range 
Temperature Coefficient - ARO 
Bank B Worth 
Boron Endpoint - B in 
Bank A Worth - Rod Swap 
Bank C Worth - Rod Swap 
Bank SB Worth - Rod Swap 
Bank D Worth - Rod Swap 
Bank SA Worth - Rod Swap 
Flux Map - 29% Power 

Peaking Factor Verification 
& Power Range Calibration 

Flux Map - 74% Power 
Peaking Factor Verification 
& Power Range Calibration 

Flux Map - 100% Power 
Peaking Factor Verification 
& Power Range Calibration

Date 
10/9/01 
10/9/01 
10/9/01 
10/9/01 
10/9/01 
10/9/01 
10/9/01 
10/9/01 
10/9/01 
10/9/01 
10/9/01 
10/9/01 

10/10/01 

10/11/01 

10/22/01

Time 
0059 
1512 
1512 
1527 
1606 
1712 
2048 
2058 
2116 
2139 
2158 
2219 
1530 

1851 

0830

Power 
HSD 
HZP 
HZP 
HZP 
HZP 
HZP 
HZP 
HZP 
HZP 
HZP 
HZP 
HZP 
29% 

74% 

100%

NE-1299 N1C16 Startup Physics Tests Report

Reference 
Procedure 
1 -PT- 17.2 
1-PT-94.0 
1 -PT-94.0 
1-PT-94.0 
1-PT-94.0 
1-PT-94.0 
1 -PT-94.0 
1-PT-94.0 
1-PT-94.0 
1-PT-94.0 
1-PT-94.0 
1-PT-94.0 
1 -PT-94.0 
I -PT-2 1.1 
1 -PT-21.2 
1-PT-22.4 
1-PT-94.0 
1-PT-21.1 
1-PT-21.2 
1 -PT-22.4 
1-PT-94.0 
1 -PT-2 1.1 
1-PT-21.2 
1-PT-22.4
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Figure 1.1 
NORTH ANNA UNIT 1 - CYCLE 16 

CORE LOADING MAP
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14BA 17B 18B 17B 18B 17B 14B^ I- Assembly is part of batch 
4P6 3G5 3H1 4G9 5HI 6G4 3P4 N2/14B.  

-===> Batch 15B* 15B* 15B*- Assembly is part of batch 

F J ===> Assembly ID 4R6 3R0 2R9 N2/15B.  

# - Assembly is part of batch 
N2/15A.  

FUEL ASSEMBLY DESIGN PARAMETERS 

SUB-BATCH 

N2/14B N2/15A N2/15B 15B 17A 17B 18A 18B 

INITIAL ENRICHMENT 4.2050 4.1026 4.2489 4.2097 4.1522 4.2524 4.2548 4.3995 
(W/O U-235) 

BURNUP AT BOC 16 37413 37664 42387 40929 25846 22989 0 0 

(MWD/MTU) 

ASSEMBLY TYPE 17x17 17x17 17x17 17x17 17x17 17x17 17x17 17x17 

NUMBER OF ASSEMBLIES 4 4 16 4 29 36 28 36 

FUEL RODS PER 264 264 264 264 264 264 264 264 

ASSEMBLY

18B 
3H0

17B 
4G8
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Figure 1.2

NORTH ANNA UNIT 1 - CYCLE 16 
BEGINNING OF CYCLE FUEL ASSEMBLY BURNUPS 

R P N M L K J H G F E D C B A 
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42657 37485 420531 
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37242 25629 0 19805 0 25079 37583 2 

4R4 5H7 5HO 1G9 6H2 0G6 3H9 5H3 5R3 
43846 0 0 25151 0 25111 0 0 44119 3 

3R8 5G2 2H9 5G7 IH0 4G3 IH5 3G3 6H0 6G5 4R8 
45587 20482 0 21171 0 25467 0 21264 0 19766 45131 4

5R7 4GI 4H7 5G8 2H5 6G3 0H4 5G4 4H4 3G6 5R9 
45477 20244 0 20909 0 25302 0 21257 0 19746 45639 

4R7 5H6 3H6 0G8 4H2 1G5 6H] 3H2 3R7 
43900 0 0 25289 0 25109 0 0 44141 

4P6 3G5 3H1 4G9 SHI 6G4 3P4 
37381 24900 0 19912 0 25077 37444 

4R6 I3R0 2R9 
42262 37804 42694 

= ==>Assembly ID 
J ==>Assembly Burnup (MWD/MTU)
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5E7 5H5 2G9 2H4 2G6 2H0 4G0 6G2 5G9 IH2 0G4 0H7 OGI 4H0 5E8 
41288 0 25291 0 26082 0 24591 24431 24800 0 26334 0 25238 0 40788 

5R2 4G2 3H3 5G5 0H3 0G3 3G1 1G0 5G3 IG7 IH6 3G4 5H4 5G6 3R9 
37700 20159 0 25434 0 26111 24387 22525 24162 26257 0 25336 0 19740 37702 

6E0 6H4 2G1 0H9 IGI 2H8 4G7 5GI 3G7 OHI 1G6 2H3 IG3 4HI 5E9 
40855 0 25035 0 26123 0 24411 24249 24415 0 26286 0 25229 0 40783

IR6 3H8 6H3 IG41 2H7 0G7 2H2 2G5 0H2 2G7 3H4 4H5 2R1 
37934 0 0 26101 0 26209 0 26086 0 26356 0 0 37370

4G5 4H6 4G6 IH3 2G8 0H6 2G3 1H8 I 0G2 2H6 3G9 3H0 4G8 
25474 0 21048 0 26269 0 26171 0 26459 0 21400 0 25132

6G1 5H2 5G0 2HI 0G5 IH4 2G0 0H8 1G8 IHI 4G4 5H8 3G0 
25227 0 21507 0 26412 0 26151 0 26361 0 20958 0 24752

IR5 4H3 5H9 1 2G2 OH5 2G4 1H9I 0G9 I 1H7 IG2 I 3H7 [ 4H9 1R4 
37731 0 0 26561 0 26340 0 26284 0 126615 0 0 137620
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Figure 1.3 

NORTH ANNA UNIT 1 - CYCLE 16 
AVAILABLE INCORE MOVEABLE DETECTOR LOCATIONS
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Flux Map 3 for Cycle 16
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Figure 1.4 

NORTH ANNA UNIT 1 - CYCLE 16 
BURNABLE POISON AND VIBRATION SUPPRESSION 

DAMPING ASSEMBLY LOCATIONS 
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Figure 1.5

NORTH ANNA UNIT 1 - CYCLE 16 
CONTROL ROD LOCATIONS 
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SECTION 2

CONTROL ROD DROP TIME MEASUREMENTS 

The drop time of each control rod was measured at hot full-flow reactor coolant 

system (RCS) conditions in order to verify that the time from initiation of the rod drop to 

the entry of the rod into the dashpot was less than or equal to the maximum allowed by 

Technical Specification 3.1.3.4. The control rod drop times were measured in Mode 34 

with the RCS Tavg above 500 OF and all reactor coolant pumps operating.  

The rod drop times were measured by withdrawing a rod bank 229 steps and then 

removing the moveable gripper coil fuse and stationary gripper coil fuse for the particular 

rod of the bank to be dropped. This allowed the rod to drop into the core as it would 

during a plant trip. The stationary gripper coil voltage and the Individual Rod Position 

Indication (IRPI) primary coil voltage signals were recorded to determine the rod drop 

time. This procedure was repeated for each control rod.  

As shown on the sample rod drop trace in Figure 2.1, the initiation of the rod drop 

is indicated by the decay of the stationary gripper coil voltage when the stationary gripper 

coil fuse is removed. As the rod drops, a voltage is induced in the IRPI primary coil. The 

magnitude of this voltage is a function of control rod velocity. As the rod enters the 

dashpot region of the guide tube, its velocity slows causing a voltage decrease in the IRPI

NE-1299 NIC16 Startup Physics Tests Report Page 16 of 60



coil. This voltage reaches a minimum when the rod reaches the bottom of the dashpot.  

Subsequent variations in the trace are caused by rod bouncing.  

The measured drop times for each control rod are recorded on Figure 2.2. The 

slowest, fastest, and average drop times are summarized in Table 2.1. Technical 

Specifications 3.1.3.4, specifies a maximum rod time such that the time from loss of 

stationary gripper coil voltage to dashpot entry is within 2.7 seconds. These Technical 

Specifications require that the RCS is at hot, full flow conditions. In reference 10, an 

additional administrative limit was implemented such that all rods must drop within 2.03 

seconds with the exception of "A"-Bank rods. The "A"-Bank rods must drop within 2.25 

seconds with an average time within 2.03 seconds. These test results satisfied these 

limits. In addition, rod bounce was observed at the end of each trace, which 

demonstrated that no control rod stuck in the dashpot region.  

To provide adequate surveillance of rod drop times and so that adverse 

performance trends can be readily identified and addressed, rod drop time curves have 

been generated. Based on historical surveillance data of previous and current cycle drop 

times, trending curves have been developed and are displayed within Figure 2.3. Figure 

2.3 was developed in conjunction with reference 12.
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Table 2.1

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
HOT ROD DROP TIME SUMMARY 

ROD DROP TIME TO DASHPOT ENTRY 

SLOWEST ROD FASTEST ROD AVERAGE TIME 

B-06 2.14 sec. C-09 1.58 sec. 1.76 sec.

NE-1299 N1C16 Startup Physics Tests Report

SLOWEST NON- BANK AVERAGE OF BANK "A" 
"A" ROD RODS 

B-08 1.92 sec. 1.83 sec.
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Figure 2.1

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
TYPICAL ROD DROP TRACE

I-
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Figure 2.2

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
ROD DROP TIME - HOT FULL FLOW CONDITIONS 

R P N M L K J H G F E D C B A
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Figure 2.3 
NORTH ANNA UNIT I - CYCLE 16 STARTUP 

PHYSICS TESTS 
ROD DROP TIME TRENDS 

Tech Spec Limit

y =!0.0318x + 1.6439

- -A-Bank Admin. Limit 2.25 

Other Banks Admin. Limit 2.03

Average of All RCCA 's

y = 0.0036x + 1.525 

MIN{Location C-9]

10 12 14 16 18 20 22

Cycle 

Data located in "P:\NCDkRODDROP\natrending_.NIC16.xls" and is saved with statistics on 10-19-2001 at 12:31.

NE-1299 NIC16 Startup Physics Tests Report

2.8 

2.7 

2.6 

2.5 

2.4

0 

E 
P

2.3 

2.2 

2.1 

2 

1.9 

1.8 

1.7

1 .6 

1.5 

8

--!

Page 21 of 60



SECTION 3

CONTROL ROD BANK WORTH MEASUREMENTS 

Control rod bank worths were measured for the control and shutdown banks using 

the rod swap technique2'5 . The initial step of the rod swap method diluted the predicted 

most reactive control rod bank (hereafter referred to as the reference bank) into the core 

and measured its reactivity worth using conventional test techniques. The reactivity 

changes resulting from the reference bank movements were recorded continuously by the 

reactivity computer and were used to determine the differential and integral worth of the 

reference bank. For Cycle 16, Control Bank B was used as the reference bank.  

After the completion of the reference bank reactivity worth measurement, the 

reactor coolant system temperature and boron concentration were stabilized with the 

reactor near critical and the reference bank fully inserted. Initial statepoint data for the 

rod swap maneuver were obtained with the reference bank at its fully inserted position 

and all other banks fully withdrawn, recording the core reactivity and moderator 

temperature. As recommended in Reference 11, the test bank sequence used for rod swap 

was to exchange test bank with test bank, instead of returning to the initial condition after 

each test bank measurement (as done for previous cycles).  

Test bank swaps proceed in sequential order from the bank with the smallest 

worth to the bank with the largest worth. (The second test bank should have a predicted
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worth higher than the first bank in order to ensure the first bank will be moved fully out.) 

The rod swap maneuver was performed by withdrawing the previous test bank (or 

reference bank for the first maneuver) several steps and then inserting the next test bank 

to balance the reactivity of the reference bank withdrawal. This sequence was repeated 

until the previous test bank was fully withdrawn and the test bank was nearly inserted.  

The next step was to swap the rest of the test bank in by balancing the reactivity with the 

withdrawal of the reference bank, until the test bank was fully inserted and the reference 

bank was positioned such that the core was just critical or near the initial statepoint 

condition. This measured critical position (MCP) of the reference bank with the test bank 

fully inserted was used to determine the integral reactivity worth of the test bank.  

The core reactivity, moderator temperature, and differential worth of the reference 

bank were recorded with the reference bank at the MCP. The rod swap maneuver was 

then repeated for the remainder of the test banks. Note that after the final test bank was 

fully inserted, the test bank was swapped with the reference bank until the reference bank 

was fully inserted and the last test bank was fully withdrawn. Here the final statepoint 

data for the rod swap maneuver was obtained (core reactivity and moderator temperature) 

in order to verify the reactivity drift for the rod swap test.  

A summary of the test results is given in Table 3.1. As shown in this table and the 

Startup Physics Test Results and Evaluation Sheets given in the Appendix, the individual 

measured bank worths for the control and shutdown banks were within the design 

tolerance (-10% for the reference bank, -15% for test banks of worth greater than 600
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pcm, and 1100 pcm for test banks of worth less than or equal to 600 pcm.) The sum of 

the individual measured rod bank worths was within 1.43% of the design prediction.  

This is well within the design tolerance of '10% for the sum of the individual control rod 

bank worths.  

The integral and differential reactivity worths of the reference bank (Control Bank 

B) are shown in Figures 3.1 and 3.2, respectively. The design predictions and the 

measured data are plotted together in order to illustrate their agreement. In summary, the 

measured rod worth values were satisfactory.
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Table 3.1 

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
CONTROL ROD BANK WORTH SUMMARY

MEASURED 
WORTH 

BANK (PCM) 
B-Reference Bank 1393.2 
D 944.6 
C 760.4 
A 356.6 
SB 930.5 
SA 1012.5 
Total Worth 5397.6

PREDICTED 
WORTH 

(PCM) 
1396.0 
979.0 
779.3 
348.4 
969.8 

1003.4 
5476.0

PERCENT 
DIFFERENCE (%) 

(M-P)/P X 100 
-0.20 
-3.51 
-2.43 
2.35 * 

-4.05 
0.91 

-1.43

*Difference is less than 100 pcm.  
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Figure 3.1 

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
CONTROL BANK B INTEGRAL ROD WORTH - HZP 

ALL OTHER RODS WITHDRAWN

50 100 150 200 
Bank Position (steps)

*Measured Predicted

250
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Figure 3.2

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
CONTROL BANK B DIFFERENTIAL ROD WORTH - HZP 

ALL OTHER RODS WITHDRAWN

50 100 150 

Bank Position (steps)

200 250
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SECTION 4 

BORON ENDPOINT AND WORTH MEASUREMENTS 

Boron Endpoint 

With the reactor critical at hot zero power, reactor coolant system (RCS) boron 

concentrations were measured at selected rod bank configurations to enable a direct 

comparison of measured boron endpoints with design predictions. For each critical boron 

concentration measurement, the RCS conditions were stabilized with the control banks at 

or very near a selected endpoint position. Adjustments to the measured critical boron 

concentration values were made to account for off-nominal control rod position and 

moderator temperature, if necessary.  

The results of these measurements are given in Table 4.1. As shown in this table 

and in the Startup Physics Test Results and Evaluation Sheets given in the Appendix, the 

measured critical boron endpoint values were within their respective design tolerances.  

The ARO endpoint comparison to the predicted value met the requirements of Technical 

Specification 4.1.1.1.2 regarding core reactivity balance. In summary, the boron endpoint 

results were satisfactory.  

Boron Worth Coefficient 

The measured boron endpoint values provide stable statepoint data from which 

the boron worth coefficient or differential boron worth (DBW) was determined. By 

relating each endpoint concentration to the integrated rod worth present in the core at the
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time of the endpoint measurement, the value of the DBW over the range of boron 

endpoint concentrations was obtained.  

A summary of the measured and predicted DBW is shown in Table 4.2. As 

indicated in this table and in the Appendix, the measured DBW was well within the 

design tolerance of '10%. In summary, the measured boron worth coefficient was 

satisfactory.
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Table 4.1

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
BORON ENDPOINTS SUMMARY

* The predicted endpoint for the B Bank In configuration was adjusted for the 
difference between the measured and predicted values of the endpoint taken at the ARO 
configuration as shown in the boron endpoint Startup Physics Test Results and Evaluation 
Sheet in the Appendix.
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Measured Predicted Difference 
Control Rod Endpoint Endpoint M-P 

Configuration (ppm) (ppm) (ppm) 

ARO 2109 2133 -24 

B Bank In 1897 1892.5* 4.5



Table 4.2

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
BORON WORTH COEFFICIENT

NE-1299 N1C16 Startup Physics Tests Report

Measured Predicted Percent 
Boron Worth Boron Worth Difference (%) 

(pcnmppm) (pcmrppm) (M-P)/P x 100 

-6.59 -6.46 2.01
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SECTION 5

TEMPERATURE COEFFICIENT MEASUREMENT 

The isothermal temperature coefficient (ITC) at the all-rods-out condition is 

measured by controlling the reactor coolant system (RCS) temperature with the steam 

dump valves to the condenser, establishing a constant heatup or cooldown rate, and 

monitoring the resulting reactivity changes on the reactivity computer.  

Reactivity was measured during the RCS cooldown of 4.2°F and RCS heatup of 

3.4°F. Reactivity and temperature data were taken from the reactivity computer. Using 

the statepoint method, the temperature coefficient was determined by dividing the change 

in reactivity by the change in RCS temperature. Plots of reactivity verses temperature 

confirmed the statepoint method in calculating the measured ITC.  

The predicted and measured isothermal temperature coefficient values are 

compared in Table 5.1. As can be seen from this summary and from the Startup Physics 

Test Results and Evaluation Sheet given in the Appendix, the measured isothermal 

temperature coefficient value was within the design tolerance of `3 pcmP/F. The 

moderator temperature coefficient was determined to be -1.13 pcr/ 0 F which met the 

requirements of COLR Section 2.1.1. In summary, the measured results were 

satisfactory.
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Table 5.1

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
ISOTHERMAL TEMPERATURE COEFFICIENT SUMMARY

NE-1299 NIC16 Startup Physics Tests Report

ISOTHERMAL TEMPERATURE 
BANK TEMPERATURE BORON COEFFICIENT (PCM/OF) 

POSITION RANGE CONCENTRATION Cool- Heat AVE DIFFER 
(STEPS) (OF) (ppm) down -up MEAS PRED (M-P) 

543.8 
D/202 to 2109 -3.01 -2.73 -2.87 -3.29 0.42 

549.3 1
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SECTION 6

POWER DISTRIBUTION MEASUREMENTS 

The core power distributions were measured using the moveable incore detector 

flux mapping system. This system consists of five fission chamber detectors which 

traverse fuel assembly instrumentation thimbles in up to 50 core locations. Figure 1.3 

shows the available locations monitored by the moveable detectors for the ramp to full 

power flux maps for Cycle 16. For each traverse, the detector voltage output is 

continuously monitored on a strip chart recorder, and scanned for 610 discrete axial 

points. Full core, three-dimensional power distributions are determined from this data 

using a Dominion modified version of the Combustion Engineering computer program, 

CECOR 3. CECOR couples the measured voltages with predetermined analytic power-to

flux ratios in order to determine the power distribution for the whole core.  

A list of the full-core flux maps taken during the startup test program and the 

measured values of the important power distribution parameters are given in Table 6.1. A 

comparison of these measured values with their COLR limits is given in Table 6.2. Flux 

map 1 was taken at 29% power to verify the radial power distribution (RPD) predictions 

at low power. Figure 6.1 shows the measured RPDs from this flux map. Flux maps 2 

and 3 were taken at 74% and 100% power, respectively, with different control rod 

configurations. These flux maps were taken to check at-power design predictions and to
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measure core power distributions at various operating conditions. The radial power 

distributions for these maps are given in Figures 6.2 and 6.3.  

The radial power distributions for the maps given in Figures 6.1, 6.2, and 6.3 

show that the measured relative assembly power values were generally within 5% of the 

predicted values, and the largest difference was 10.6% for the 29% power map, which 

decreased to 4.5% for the 100% power map.  

The measured F-Q(Z) and F-DH(N) peaking factor values for the at-power flux 

maps were within the limits of COLR Sections 2.5.1 and 2.6, respectively. Flux maps 1, 

2, and 3 were also used to perform power range detector calibrations. The flux map 

analyses are documented in Reference 7.  

In conclusion, the power distribution measurement results were considered to be 

acceptable with respect to the design tolerances, the accident analysis acceptance criteria, 

and the COLR. It is therefore anticipated that the core will continue to operate safely 

throughout Cycle 16.
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Table 6.1

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
INCORE FLUX MAP SUMMARY

Bum Bank Peak F-Q(Z) Hot(]) F-DH(N) Hot Core F(Z) (2) Axial No.  Map Map up Pwr D Channel Factor Channel Factor Max Core Tilt off of 
Description No. Date MWD/ % Steps Assy Axial F-Q(Z) Assy F-DH(N) Axial F(Z) Max Loc set Thim MTU Point Ipoint (%) bles 

Low Power 1 10/10/01 5.0 29 150 N5 31 2.108 N5 1.546 31 1.283 1.0037 NW -6.233 43 
Int. Pwr (3) 2 10/11/01 24.0 74 192 N5 30 1.848 N5 1.451 26 1.184 1.0039 NE 0.088 43 
HotFullPwr 3 10/22/01,436.4 100 226 CIO 39 1.786 CIO 1.405 37 1.139 1.0035 NE -2.537 45 

NOTES: Hot spot locations are specified by giving assembly locations (E.G. H-8 is the center-of-core 
assembly) and core height (in the "Z" direction the core is divided into 61 axial points 
starting from the top of the core).  

(1) F-Q(Z) includes a total uncertainty of 1.05 X 1.03.  

(2) CORE TILT - defined as the average quadrant power tilt from CECOR.  

(3) Int. Pwr - intermediate power flux map.  

(4) MAPS 1, 2, and 3 were used for power range detector calibrations.
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Table 6.2

NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 
COMPARISION OF MEASURED POWER DISTRIBUTION PARAMETERS 

WITH THEIR CORE OPERATING LIMITS 

Peak F-Q(Z) Hot F-Q(Z) Hot F-DH(N) Hot 
Map Channel Factor* Channel Factor** Channel Factor 

(At Node of Minimum Margin) 
No. Meas. Limit Node Meas. Limit Node Margin Meas. Limit Margin 

(%) (%) 
1 2.108 4.380 31 2.108 4.380 31 51.9 1.546 1.809 14.5 
2 1.848 2.970 30 1.832 2.918 23 37.2 1.451 1.608 9.8 
3 1.786 2.191 39 1.786 2.191 39 18.5 1.405 1.490 5.7 

*The Core Operating Limit for the heat flux hot channel factor, F-Q(Z), is a function of 
core height and power level. The value for F-Q(Z) listed above is the maximum value of 
F-Q(Z) in the core. The COLR limit listed above is evaluated at the plane of maximum 
F-Q(Z).  

"**The value for F-Q(Z) listed above is the value at the plane of minimum margin. The 
minimum margin values listed above are the minimum percent difference between the 
measured values of F-Q(Z) and the COLR limit for each map.  

The measured F-Q(Z) hot channel factors include 8% total uncertainty.
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Figure 6.1 
NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 

ASSEMBLYWISE POWER DISTRIBUTION 
29% POWER 
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R P N M L K J H G F E D C B A 

SUMMARY 
MAP NO: Ni-16-01 DATE: 10/10/01 POWER: 29% 

CONTROL ROD POSITIONS: F-Q(Z) = 2.108 CORE TILT: 

D BANK AT 150 STEPS F-DH(N) = 1.546 NW 1.0037 1NE 1.0031 

l- - -
F(Z) = 1.283 SW 0.9922 j SE 1.0010 

BURNUP = 5.0 MWD/MTU A.O. = -6.233 
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Figure 6.2 
NORTH ANNA UNIT I - CYCLE 16 STARTUP PHYSICS TESTS 

ASSEMBLYWISE POWER DISTRIBUTION 
74% POWER 

R P N M L K J H G F E D C B A 

PREDICTED . 0.271 . 0.311 . 0.267 . PREDICTED 
I MEASURED . . 0.272 0.311 0.269 . MEASURED .  
.PCT DIFFERENCE. 0.4 0.1 . 0.9 .PCT DIFFERENCE.  

........................... ....... ................................................. ................  
0.339 0.660 1.082 . 0.921 . 1.074 . 0.657 0.339 

2 0.342 0.664 1.088 . 0.927 1.087 0.678 . 0.344 2 
0.8. 0.6. 0.6. 0.7. 1.2. 3.1. 1.6.  

........................................ .............................................  
0.369 . 1.140 1.258 . 1.164 . 1.297 . 1.162 . 1.258 . 1.143 . 0.372 3 0.376 . 1.152 . 1.267 . 1.169 . 1.300 . 1.168 1.268 . 1.152 0.375 .3 

20. 1.1. 0.7 0.4 0.2. 0.6. 0.9 0.8 0.8.  

.............................. ................................................. ..................  0.371 . 0.880 . 1.278 . 1.285 1.275 . 1.227 . 1.274 . 1.285 . 1.282 . 0.879 0.368 4 0.381 . 0.892 . 1.293 . 1.292 . 1.279 . 1.230 . 1.276 . 1.286 1.287 . 0.886 0.371 4 2.5 1.4 1.2 0.6. 0.3. 0.2 0.2. 0.1 0.4 08. 0.7 
...... .. .................................................................... .. .................. ........  
0.361 . 1.159 . 1.287 . 1.196 1.253 . 1.172 . 1.227 . 1-171 1.253 . 1.195 . 1-281 . 1.154 . 0.360 . 0.369 1.199 . 1.302 . 1.198 . 1.255 . 1.174 . 1.227 . 1.172 1.254 . 1.199 . 1,296 . 1.164 . 0.362 .5 

2.1 3.5. 1.2. 0.2 01 0.2. 0.0. 0.1 0.1. 0.3 1.1. 0.9 0.5 
.............................................. ....... ................... ....... .......... ......... ..........  

0.673 . 1.274 . 1.291 . 1.256 . 1.103 1.176 . .100 . 1.173 . 1.103 . 1.255 . 1.290 . 1.272 . 0.673 6. 0.672 1.279 . 1.291 . 1.244 . 1.01 . 1.173 - 1.098 . 1.171 . 1.104 . 1.255 1.292 . 1-281 . 0.682 .6 
0.0. 0.4 0.0. -0.9. -0.2. -0.3 -0.2 -0.2. 0-1 0.0 0.2 0.7 1.3 

. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.283 . 1.094 1.174 . 1.282 . 1.175 . 1.175 . 1.084 . 1.053 1.084 . 1.177 . 1.175 1.282 . 1.176 1.098 . 0.284 7 0.279 . 1.081 . 1.152 . 1.270 . 1.167 1.169 . 1.077 . 1.048 1.079 . 1.173 . 1.171 . 1.269 . 1.184 . 1.125 . 0.290 . 7 
-1.3 13. -1.9. -0-9 . -0.7. -0.6. -0.7. -0.5. -05. -0.4 04. -1.0. 0.7. 2.4 2.2.  

. .... . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . .. . .. .. .. . . . .. . . . . . . . . .. . . .. . . . .. . . . . .. . .. . . . . . . .. . . .. . . .. . . . . . . . . . . . . . . . . . ... . . . . . .. .  0.319 0.935 . 1.310 1.235 . 1-231 1.101 . 1.053 . 1-049 1.053 . .101 . 1.231 1.235 . 1.310 . 0.935 0.319 8 0.315 . 0.923 . 1.282 . 1.223 . 1.226 . 1.097 . 1.048 . 1.043 . 1.048 . 1.096 . 1.228 . 1.235 . 1.321 . 0.951 0.324 . 8 -1.3. -1.3. -2.1 -1.0. -0.4. -0.4. -0.6. -0.5 -0.5. -0.5. -0.3 0.0. 0.8. 1.7. 16.  

............................................................. ..............................................................  
0.284 . 1.098 . 1.176 . 1.282 . 1.175 . 1.177 . 1.084 1.053 . 1.084 1.175 . 1.175 1.282 . 1.174 1.094 . 0.283 9 . 0.281 . 1.089 1.166 . 1.276 . 1.178 . 1.173 . 1.078 1.046 . 1.078 1.169 . 1.174 1.287 . 1.186 1.112 0.284 . 9 -1.0. -0.9 -0.8 -05. 0.2 -03. -0.6. -0.7 -0.6. -0.5. -0.1. 0.4 . 1.0. 1.6. 0.5 

.................................................................................................................... 
.......  0.673 1.272 . 1.290 1.255 . 1.103 . 1.173 . .100 . 1.176 . 1.103 . 1.256 1.291 . 1.274 . 0.673 

10 0.671 1.275 . 1.287 . 1.252 .:.098 . 1.163 . 1.089 . 1.166 . 1.097 . 1.254 . 1.303 . 1.291 . 0.692 .10 
-03. 0.2. -0.2 -0.3. -0.4 . -0.9 -0-9. -0.9 -0.6. - 0.2. 0.9. 1.4 . 2.8.  
................................................................... I ...........................................  

0.360 . 1.154 . 1.281 . 1.195 . 1.253 . 1.171 . 1.227 . 1.172 . 1.253 . 1.196 . 1.287 1.159 . 0.361 11 0.360 1.155 . 1.278 1.190 . 1.243 . 1.158 . 1.211 . 1.158 . 1.234 . 1.186 1.302 . 1.176 . 0.368 . 11 
-0.1 0.1 -02. -0.5 -0.8 -1.1 -1.3. -1.2. -1.5. -08. .1 . 1.5 1.9 

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...  
0-368 . 0.879 . 1.282 . 1.285 . 1.274 . 1.227 . 1.275 . 1.285 . 1.278 . 0.880 . 0.371 12 0.371 0.877 . 1.274 1.273 . 1.256 . 1.209 1.261 1.275 . 1.282 0.914 . 380 12 

0.7 -0-3 -0.6 -0.9. -1.5. -1.5 -1. . -0.8. 0.3 39. 2.3 
.................................................................................................  

0-372 1.143 . 1.258 . 1.162 . 1.297 . 1.164 1.258 . 1.140 0.369 13 0.370 1.138 1.247 . 1.146 . 1.270 . 1.155 . 1.248 . 1.140 . 0.375 13 
-0 5. -0.5. -0-9 -1.4 . -2.1 -0.7 . -0.8 0.0. 1.6 

....................................................................................  
0.339 . C.657 . 1.074 . 0.921 . 1.082 . 0.660 . 0.339 14 0.343 . 0.653 1.064 0.916 . 1.096 . 0.661 0.339 14 

12. -0.7. -0.9 -0.5. 1.3. 0 1. 0.0.  
........................... ......................................................... ................  

STANDARD . 0.267 0.311 0.271 . AVERAGE 15 DEVIATION . 0.263 0.310 . 0.273 . .PCT DIFFERENCE. 15 
=0.694 -1.4 . -0.4 0.9 . = 0.8 

R P N M L K J H G F E D C B A 

SUMMARY 
MAP NO: NI-16-02 DATE: 10/11/01 POWER: 74% 

CONTROL ROD POSITIONS: F-Q(Z) = 1.848 CORE TILT: 

D BANK AT 192 STEPS F-DH(N) = 1.451 NW 1.0014 NE 1.0039 

F(Z) = 1.184 SW 0.9933 SE 1.0014 

BURNUP = 24.0 MWD/MTU A.O. = 0.088 
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Figure 6.3 
NORTH ANNA UNIT 1 - CYCLE 16 STARTUP PHYSICS TESTS 

ASSEMBLYWISE POWER DISTRIBUTION 
100% POWER 

R P N M L K a H G F E D C B A 

PREDICTED . 0.283 . 0.330 . 0.279 . PREDICTED 
1 MEASURED . 0.283 . 0.334 . 0.281 . . MEASURED .  
.PCT DIFFERENCE. 0.1 . 1.3 . 0.9 . .PCT DIFFERENCE.  

0.342 .0.662 .1.087 .0.963 -1.080 . 0.660 .0.342 
2 0.343 . 0.662 . 1.085 . 0.961 . 1.089 . 0.682 . 0.349 .2 

0.2. -0.1 -0.2. -0.2. 0.8. 3.3 2.0 

0.371 1.118 1.239 1.156 1.297 1.154 1.239 1.121 0.373 
3. 0.384 . 1.122 . 1.238 . 1.150 . 1.279 . 1.155 . 1.251 . 1.135 . 0.384 .3 

3.4. 04. -0.1. -0.5. -1.4. 0.1. 1.0. 1.3. 2.9.  

0.372 .0.871 .1-255 1.263 .1-265 .1-217 .1.265 1.264 .1.259 .0.870 .0.370 
4 0.379 . 0.878 . 1.254 . 1.262 . 1.262 . 1.213 . 1.266 . 1.269 . 1.268 . 0.876 . 0.371 .4 

1.6 . 0.8 . -0.1 . -0.1. -0.3 -0.3 0.1 . 0.4 0.7 . 0.6. 0.4 

0.362 .1.133 .1.263 .1.18$5 1.258 .1.173 .1-228 . 1.173 .1.258 1.1185 .1.258 .1.128 .0.361 
. 0.367 . 1.160 . 1.272 . 1.190 . 1.257 . 1.173 . 1.230 . 1.176 . 1.262 . 1.192 . 1.257 . 1.133 . 0.371 .  

1.2 2.3 0.7 0.4. -0.1. 0.0 0.2. 0.3. 0.3 0.6. -0.1. 0.4 2.8.  

0.673 , 1.251 .1.268 .1.260 .1.158 .1.196 .1.110 . 1.194 .1.158 .1.259 .1.267 .1.250 .0.673 
6. 0.669 . 1.248 . 1.261 . 1.242 . 1.154 . 1.199 . 1.119 . 1.198 . 1.158 . 1.259 . 1.262 . 1.250 . 0.679 .6 

-0.6. -0.2 -0.5. -1.5. -0.3. 0.3 0.9. 0.4. 0.0 0.0. -0.4. 0.0. 0.9.  
................................................................................................................................  
0.294 .1.097 '1.164 1.270 1.176 1.195 1.100 1.067 1.100 . 1.197 .i1.176 .'1.270 . 1.165 1.101 0.295 

7 . 0.289 . 1.079 . 1.139 . 1.255 . 1.165 . 1.192 . 1.108 . 1.074 . 1.107 . 1.202 . 1.173 . 1.253 . 1.159 . 1.117 0.299 . 7 
-1.6. -1.6. -2.1 -1.2 -0.9. -0.2. 0.7. 0.7. 0.6. 0.4. -0.2 -1.4. -0.5. 1.4. 1.5.  
.......................... ............................. ........................... ............................................  
0.337 0.975 . 1.307 . 1.223 . 1.231 . 1.111 . 1.067 1.062 . 1.067 .1.111 1.231 1.223 1.307 0.975 0.337 

8 0.332 . 0.956 . 1.276 . 1.208 . 1.222 . 1 309 1.069 . 1.065 . 1.073 . 1.126 . 1.231 1.213 . 1.282 . 0.994 . 0.343 . 8 
-1.7. -1.8. -24. -1.2. -0.7 -0.2. 0.2. 0.3. 0.5. 1.4. 0.0. -0.8. -1.9 2.0 1.9.  

........................................................ I .......................................................................  
0.295 .1.101 .1.165 .1.270 1.1.76 1.197 .1.100 .1.067 .1.100 . 1.195 .1.176 .1.270 .1.164 1 .097 .0.294 

9 . 0.291 . 1.087 . 1.152 . 1.264 . 1.184 . 1.198 . 1.100 . 1.066 . 1.098 . 1.187 . 1.174 . 1.272 . 1.167 . 1.116 . 0.300 . 9 
-1.3. -1.2. -1.1. -0.5. 0.7 0.1. -0.1. -0.1. -0.2. -0.7. -0.1 0.1. 0.3 1.7. 2.0 

.................................................................................................................................  
0.673 - 1-250 .1.267 .1-259 .1.158 .1-194 .1.110 .1.196 . 1.158 .1.260 .1-268 .1.251 .0.673 

10 . 0.668 . 1.245 . 1.265 . 1.261 . 1.156 . 1.189 . 1.103 . 1.188 . 1.150 . 1.260 . 1.281 . 1.270 . 0.696 . 10 
-0.7 . -0.4. -0.1. 0.1 -0.1. -0.4. -0.6. -0.7. - 0.7 0.0 1.0. 1.5 3.5.  

0.361 .1.128 .1.258 .1.185 .1.258 .1.173 .1.228 . 1.173 .1.258 .1.185 .1-263 .1.133 .0.362 
11 . 0.361 . 1.131 . 1.259 . 1.186 . 1.252 . 1.162 . 1.214 . 1.161 . 1.239 . 1.183 . 1.285 . 1.157 . 0.372 . 11 

-0.1. 0.3. 0.1. 0.1 -0.4 . -0.9. -1.1. -1.1. -1.5. -0.2 1.7. 2.1 2.6.  

0 .370 ."0.870 .1.259 . 1.264 " 1.265 . "1.217 . 1.265 .. 1.263 . 1-255 .'0.871 0-372 
12 . 0.381 . 0.874 . 1.258 . 1.255 . 1.242 . 1.198 . 1.252 • 1.254 . 1.264 . 0.913 . 0.389 12 

3.0 . 0.4 . -0.1. -0.7 . -1.8. -1.6 . -1.1. -0.7. 0.7 4.8. 4.5 

0.373 .1.121 .1.239 .1.154 .1.297 .1.156 . 1.239 .1.118 .0.371 
13 . 0.374 . 1.122 . 1.231 . 1.138 . 1.267 . .147 . 1.225 . 1.120 . 0.379 . 13 

0.2. 0.1. -0.6. -1.4. -2.3. -0.8. -1.2. 0.2 2.1.  S. ............ ................... Y K •...........Yi[ • i..io..  
0.342 .0.660 .1.080 .0.963 .1.087 .0.662 .0.342 

14 0.351 . 0.659 . 1.073 . 0.959 . 1.108 • 0.664 . 0.343 14 
2.6. -0.2 -0.6. -0.4. 1.9. 0.2. 0.1 

STA-NDARD . 0.279 . 0.330 . 0.283 . AVERAGE 
15 DEVIATION . 0.279 . 0.330 . 0.287 . .PCT DIFFERENCE. 15 

=0.906 0.2 . 0.0 . 1.4 . = 0.9 

R P N M L K J H G F E D C B A 

SUMMARY 
MAP NO: NI-16-03 DATE: 10/23/01 POWER: 100% 

CONTROL ROD POSITIONS: F-Q(Z) = 1.786 CORE TILT: 

D BANK AT 226 STEPS F-DH(N) = 1.405 NW 0.9982 1 NE 1.0035 

F(Z) = 1.139 SW 0.9954 SE 1.0029 

BURNUP = 436.4 MWD/MTU A.O. = -2.537 
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I 
Reference

Test Description: Reactivity Computer Checkout 
Proc No / Section: 1 -PT-94.0

II 
Test 

Conditions 
(Desian)

Ill 
Test 

Conditions 
(Actual) 

IV 
Test 

Results

V 
Acceptance 

Criteria

Bank Positions (Steps)

SDA: 

CB:

226 SDB: 
226 CC:

226 CA: 
* cn.-

226

Bank Positions (Steps)

226 
Alicq

SýD-A:226 SDB: 226 CA: 
CB: 226 CC: 2_----, CD: 

Date/Time Test Performed: 

Measured Parameter 
(Description) 

Measured Value

Design Value

RCS Temperature (F): 547 
Power Level (% F.P.): 0 
Other (specify): 
Below Nuclear Heating 
RCS Temperature (OF): j"?r. S
Power Level (% F.P.): 0 
Other (specify): 
Below Nuclear Heating

Pc= Measured Reactivity using p-computer 
pt= Predicted Reactivity 

Pt= 4- 5'T•. c f-, T- 34. Z ?'59 , 

%D= 4- .c% , .20/

%D= {(Pc - P,)/Pt} x 100% < 4.0 %

Reference !WCAP 7905, Rev. 1, Table 3.6

FSAR/Tech Spec

Reference

Not Applicable

4-
Not Applicable

Design Tolerance is met • v"YE S NO0 
[Acceptance Criteria is met • '"YES NO 

•At The Just Critical Position i 

VI The allowable range will be set based on the above results and/or the 
Comments pre-critical bench test.  

Pre-critical Bench Test Results = "/ 1 /o 7C k'-.  

Allowable Range = -/- //Z pc V

Prepared By: ;z _ _ _ Reviewed By: a_•/". L
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET 

I Test Description: Critical Boron Concentration - ARO 

Reference Proc No / Section: 1 -PT-94.0 

II Bank Positions (Steps) RCS Temperature (OF): 547 

Test Power Level (% F.P.): 0 

Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 

(Design) CB: 226 CC: 226 CD: 226 Below Nuclear Heating 

IIl Bank Positions (Steps) RCS Temperature (OF): _1-/ .  

Test Power Level (% F.P.): 0 

Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 

(Actual) CB: 226 CC: 226 CD: 226 Below Nuclear Heating 
Date/Time Test Performed: 

/0 

Measured Parameter (CB)MARo; Critical Boron Concentration - ARO 
(Description) 

IV 
Test 

Results Measured Value (OB)MAo= • J 0 Cj ppm 
(Design Conditions) 

Design Value CB 2133 ± 50 ppm 

(Design Conditions) 

Reference Technical Report NE-1292, Rev. 0 

V FSARITech Spec IaCB x C8 D1 < 1000 pcm 

Acceptance 

Criteria Reference Technical Specification 4.1.1.1.2 

Design Tolerance is met • vYES NO 

Acceptance Criteria is met `7YES NO 
VI 

Comments aCB = -6.43 pcm/ppm 

CB
0

= I(CB)MARo- CBI; C8 is design value

Prepared By: ,- 411'J1 
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET 

I Test Description: HZP Boron Worth Coefficient Measurement 
Reference Proc No / Section: 1-PT-94.0 

II Bank Positions (Steps) RCS Temperature (OF): 547 

Test Power Level (% F.P.): 0 

Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 
(Design) CB: moving CC: 226 CD: 226 Below Nuclear Heating 

III Bank Positions (Steps) RCS Temperature (OF): •5-.I•' 

Test Power Level (% F.P.): 0 
Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 

(Actual) CB: moving CC: 226 CD: 226 Below Nuclear Heating 
Date/Time Test Performed: 

Measured Parameter aCB; Boron Worth Coefficient 

(Description) 
IV 

Test 
Results Measured Value aCB = - pcm/ppm 

Design Value aC8 = -6.46 _ 0.65 pcm/ppm 

(Design Conditions) 

Reference Technical Report NE-1292, Rev. 0 

V FSARITech Spec Not Applicable 
Acceptance 

Criteria Reference Not Applicable 

Design Tolerance is met : v/ YES NO 

Acceptance Criteria is met : YES NO 
VI 

Comments

Prepared By: , 
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET 

I Test Description: Zero Power Testing Range Determination 
Reference Proc No / Section: 1-PT-94.0 

II Bank Positions (Steps) RCS Temperature (OF): 547 
Test Power Level (% F.P.): 0 

Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 
(Design) CB: 226 CC: CD: * Below Nuclear Heating 

III Bank Positions (Steps) RCS Temperature (OF): - 8 3 
Test Power Level (% F.P.): 0 

Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 
(Actual) CB: 226 CC: 2-6 CD: 2-Z_ Below Nuclear Heating 

Date/Time Test Performed: 

Reactivity Computer Initial I -t o 0 

Flux Background Reading' amps 
IV 

Test - -7 
Results Flux Reading At 0. f •- o 

Point Of Nuclear Heating amps 

•f -7 
Zero Power Testing Range 2- xY I0 to 0 amps 

Reference Not Applicable 

V FSAR/Tech Spec Not Applicable 
Acceptance 

Criteria Reference Not Applicable 

Design Tolerance is met** , - YES _ NO 
Acceptance Criteria is met** " fYES NO 

VI At The Just Critical Position 
Comments Design Tolerance and Acceptance Criteria are met if ZPTR 

is below the Point of Nuclear Heating and above background.

Prepared By: 
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I 
Reference

Test Description: Isothermal Temperature Coefficient - ARO 
Proc No / Section: 1 -PT-94.0

I1 
Test 

Conditions 

(Design)
III 

Test 
Conditions 

(Actual)

IV 

Test 
Results

V 

Acceptance 
Criteria

VI 
Comments

Bank Positions (Steps)

SDA: 226 SDB: 
CB: 226 CC:

226 CA: 226 
226 CD: 226

Bank Positions (Steps)

SDA: 
CB:

226 SDB: 226 
226 CC: 226

Date/Time Test Performed: 
1o/9/0o1 (&

Measured Parameter 
(Description)

Measured Value

Design Value 
(Actual Conditions)

Design Value 
(Design Conditions)

1�

4

Reference

FSAR/COLR

Design Tolerance is met 
Acceptance Criteria is met

CA: 226 
CD: -o-

4-

4------

i ________ I -- -� _________

RCS Temperature ( F): 547 
Power Level (% F.P.): 0 
Other (specify): 
Below Nuclear Heating 
RCS Temperature (OF): SLI9. 3- 5(t-? 
Power Level (% F.P.): 0 
Other (specify): 
Below Nuclear Heating

(CaT'-)ARO; Isothermal Temperature 
Coefficient - ARO 

(CCT'SO)ARO 2- pcmrOF 
(CB= 2Z16' ppm) 

(CTSO)ARO -32 +3.0 pcm/PF 
(CB= 2o F ppm)

4.

(cT IO)Ao= -3.08±3.0 pcm/PF 
(Ca= 2133 ppm) 

Technical Report NE-1 292, Rev. 0
aTIO < 3.76 pcm/PF * 
(xTO°P = -1.74 pcm/°F
COLR 2.1.1, Technical Report NE-1292, Rev. 0

V YES

YES NO

NO 
NO

*Uncertainty on ctTMoO = 0.5 pcmr/F (Reference: memorandum from 
C.T. Snow to E.J. Lozito dated June 27, 1980.)
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET 

I Test Description: Control Bank B Worth Measurement, Rod Swap Ref. Bank 

Reference Proc No / Section: 1-PT-94.0 

II Bank Positions (Steps) RCS Temperature (OF): 547 
Test Power Level (% F.P.): 0 

Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 

(Design) CB: moving CC: 226 CD: 226 Below Nuclear Heating 

III Bank Positions (Steps) RCS Temperature (OF): f-z4,,9 -5-7,• 
Test Power Level (% F.P.): 0 

Conditions SDA: 226 SDB: 226 CA: 226 Other(specify): 5 LIL..•Sq- •, -/ 

(Actual) CB: moving CC: 226 CD: 226 Below Nuclear Heating 

Date/Time Test Performed: 

Measured Parameter i[REF; Integral Worth Of Control Bank B, 
(Description) All Other Rods Out 

IV 
Test Measured Value IBREF= pcm 

Results 

Design Value 
(Design Conditions) IeF= 1396 140 pcm 

Reference Technical Report NE-1292, Rev. 0 
and Engineering Transmittal NAF 2001-0104, Rev. 0 
If Design Tolerance is exceeded, SNSOC shall 

V FSARFTech Spec evaluate impact of test result on safety analysis.  
Acceptance SNSOC may specify that additional testing 

Criteria be performed.  
Reference VEP-FRD-36A 

Design Tolerance is met V , YES NO 

Acceptance Criteria is met • ,. YES NO 
VI 

Comments

Prepared By: 4• -e& / 
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Reference
Test Description: Critical Boron Concentration - B Bank In

Proc No / Section: 1 -PT-94.0
II Bank Positions (Steps) RCS Temperature (OF): 547 

Test Power Level (% F.P.): 0 
Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 
(Design) CB: 0 CC: 226 CD: 226 Below Nuclear Heating 

III Bank Positions (Steps) RCS Temperature (OF): .y7"/ 
Test Power Level (% F.P.): 0 

Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 
(Actual) CB: 0 CC: 226 CD: 226 Below Nuclear Heating 

Date/Time Test Performed: 
10/0o1/oL '.ocq 

Measured Parameter (CB)MB; Critical Boron Concentration, 
(Description) B Bank In 

IV 

Test 
Results Measured Value (CB)Ms= ppm 

(Design Conditions) 

Design Value CB= 1917+ACB p" _ (10 + 139.6/IcaCEI) ppm 
(Design Conditions) Cs= ± W. {- ± 32 ppm 

Reference Technical Report NE-1292, Rev. 0 
V FSAR/Tech Spec Not Applicable 

Acceptance 
Criteria Reference Not Applicable 

Design Tolerance is met : V/ YES NO 
Acceptance Criteria is met : •L YES NO 

VI 
Comments a0CB = -6.46 pcm/ppm 

ACB Prey " (CB)MARo- 2133 ppm

Prepared By: •/ Izu 
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET 

I Test Description: Control Bank A Worth Measurement, Rod Swap 
Reference Proc No / Section: 1 -PT-94.0 

II Bank Positions (Steps) RCS Temperature (OF): 547 

Test Power Level (% F.P.): 0 

Conditions SDA: 226 SDB: 226 CA: moving Other (specify): 

(Design) CB: moving CC: 226 CD: 226 Below Nuclear Heating 
III Bank Positions (Steps) RCS Temperature (0F): 5_-S7. 3 

Test Power Level (% F.P.): 0 
Conditions SDA: 226 SDB: 226 CA: moving Other (specify): 

(Actual) CB: moving CC: 226 CD: 226 Below Nuclear Heating 
Date/Time Test Performed: '0/91/or •.' __ _ __ _ __ _ __ _ _ 

Measured Parameter IARS; Integral Worth of Control Bank A, 

(Description) Rod Swap 

IV Measured Value IARS= 5 (_ (Adjusted Measured Critical 

Test Reference Bank Position = C3 steps) 

Results Design Value 
(Actual Conditions) IA "9-9? (Adjusted Measured Critical 

Reference Bank Position = ( steps) 

Design Value 
(Design Conditions) IARS= 345 ± 100 pcm 

_(Critical Reference Bank Position = 63 steps) 

Reference Engineering Transmittal NAF 2001-O104, Rev. 0, VEP-FRD-36A 

FSARFTech Spec If Design Tolerance is exceeded, SNSOC shall 

V evaluate impact of test result on safety analysis.  
Acceptance SNSOC may specify that additional testing 

Criteria be performed.  
Reference VEP-FRD-36A 
Design Tolerance is met : V YES NO 

Acceptance Criteria is met : v/ YES NO 
VI 

Comments

Prepared By.,k,,h' j f-• 
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Reference 
11 

Test 
Conditions 

(Design) 
III 

Test 
Conditions 

(Actual) 

IV 
Test 

Results

V 
Acceptance 

Criteria

VI 
Comments

Test Description: Control Bank C Worth Measurement, Rod Swap
Proc No / Section: 1-PT-94.0 

Bank Positions (Steps) 

SDA: 226 SDB: 226 CA: 226 
CB: moving CC: moving CD: 226 

Bank Positions (Steps) 

'SDA: 226 SDB: 226 CA: 226 
CB: moving CC: moving CD: 226 

Date/Time Test Performed: 

Measured Parameter Ic RS; 

(Description) 

Measured Value iCRS= 

Design Value 

(Actual Conditions) IcRS= 

Design Value 

(Design Conditions) Ic RS= 

(Critical Refi 
Reference Engineering Tr• 

FSAR/Tech Spec If Design To

evaluate imp 

SNSOC ma•

RCS Temperature (OF): 547
Power Level (% F.P.): 0 
Other (specify):

Below Nuclear Heating 
RCS Temperature (OF): 5Lf7-• 
Power Level (% F.P.): 0 
Other (specify): 
Below Nuclear Heating

Integral Worth of Control Bank C, 
Rod Swap 

7-0.' (Adjusted Measured Critical 
Reference Bank Position = i0}.1 steps) 

79-•. 3 (Adjusted Measured Critical 
Reference Bank Position = IO07 .1 steps) 

780 ±+ 117 pcm 

erence Bank Position = 113 steps) 
ansmittal NAF 2001-0104, Rev. 0, VEP-FRO-36A 

lerance is exceeded, SNSOC shall 

)act of test result on safety analysis.  
specify that additional testing

be performed.  
Reference VEP-FRD-36A 
Design Tolerance is met v/ YES NO 
Acceptance Criteria is met \,/ YES NO

Prepared By: A4mTh b 
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET 

I Test Description: Shutdown Bank B Worth Measurement, Rod Swap 
Reference Proc No / Section: 1-PT-94.0 

If Bank Positions (Steps) RCS Temperature (OF): 547 
Test Power Level (% F.P.): 0 

Conditions SDA: 226 SDB: moving CA: 226 Other (specify): 
(Design) CB: moving CC: 226 CD: 226 Below Nuclear Heating 

Ill Bank Positions (Steps) RCS Temperature (OF): S-'. 2
Test _Power Level (% F.P.): 0 

Conditions SDA: 226 SDB: moving CA: 226 Other (specify): 
(Actual) CB: moving CC: 226 CD: 226 Below Nuclear Heating 

Date/Time Test Performed: 
1I/L/o0 2913s 

Measured Parameter IssRS; Integral Worth of Shutdown Bank B, 
(Description) Rod Swap 

IV Measured Value IsBRS= )O. 75" (Adjusted Measured Critical 
Test Reference Bank Position =139. 5 steps) 

Results Design Value 
(Actual Conditions) IsBRS= 93U9 .3 (Adjusted Measured Critical 

Reference Bank Posftion =13'1. T steps) 

Design Value 
(Design Conditions) IssRS= 969 ± 145 pcm 

(Critical Reference Bank Position = 144 steps) 
Reference Engineering Transmittal NAF 2001-0104, Rev. 0, VEP-FRD-36A 
FSARITech Spec If Design Tolerance is exceeded, SNSOC shall 

V evaluate impact of test result on safety analysis.  
Acceptance SNSOC may specify that additional testing 

Criteria be performed.  
Reference VEP-FRD-36A 
Design Tolerance is met : , YES NO 
Acceptance Criteria is met : ,, YES NO 

VI 
Comments

Prepared By:1i ,Wel( 
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description: Control Bank D Worth Measurement, Rod Swap 
Reference Proc No / Section: 1-PT-94.0 

II Bank Positions (Steps) RCS Temperature (OF): 547 
Test Power Level (% F.P.): 0 

Co. nrlifir ns qn z• c ce •. 130a C,^. ,n-) ,-. , .

(Design) 
III 

Test 
Conditions 

(Actual)

IV 
Test 

Results

V
Acceptance 

Criteria

VI 
Comments

CB: moving CC: 226 CD: moving 

Bank Positions (Steps) 

SDA: 226 SDB: 226 CA: 226 
CB: moving CC: 226 CD: moving

Date/Time Test Performed: 
1o/9 /ol 2,1 "' 5

Measured Parameter 
(Description)

Lther (,specify): Below Nuclear Heating 
RCS Temperature (OF): 5q"7. Z 
Power Level (% F.P.): 0 
Other (specify): 
Below Nuclear Heating

I DS; Integral Worth of Control Bank D, 
Rod Swan

Measured Value Io S= q. ( (Adjusted Measured Critical 
Reference Bank Position = 13(o.9 steps)

Design value 
(Actual Conditions)

Design Value 
(Design Conditions)

Reference
FSAR/Tech Spec

nRelerence
Design Tolerance is met 
Acceptance Criteria is met

I:R= i7j -U (Adjusted Measured Critical 
Reference Bank Position =13t. .`1 steps) 

loRS= 980 - 147 pcm 

(Critical Reference Bank Position = 146 steps) 
Engineering Transmittal NAF 2001-0104, Rev. 0, VEP-FRO-36A 

If Design Tolerance is exceeded, SNSOC shall 
evaluate impact of test result on safety analysis.  
SNSOC may specify that additional testing 
be performed.

Vr. - i - -A

vhHp-I=P-H[J3A
YES

" -YES

NO 
NO
NO

Prepared By:-./14
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET 

I Test Description: Shutdown Bank A Worth Measurement, Rod Swap 

Reference Proc No / Section: 1-PT-94.0 

II Bank Positions (Steps) RCS Temperature (OF): 547 

Test Power Level (% F.P.): 0 

Conditions SDA: moving SDB: 226 CA: 226 Other (specify): 

(Design) CB: moving CC: 226 CD: 226 Below Nuclear Heating 

III Bank Positions (Steps) RCS Temperature (OF): 5f 7. Z 

Test I Power Level (% F.P.): 0 

Conditions SDA: moving SDB: 226 CA: 226 Other (specify): 

(Actual) CB: moving CC: 226 CD: 226 Below Nuclear Heating 
Date/Time Test Performed: 

1o/0/o9 2- 2._.: 1 

Measured Parameter IsARS; Integral Worth of Shutdown Bank A, 

(Description) Rod Swap 

IV Measured Value IsARS= 10t7--5 (Adjusted Measured Critical 

Test Reference Bank Position =19YI¢. 1 steps) 

Results Design Value 
(Actual Conditions) IsARS= J0o3."4 (Adjusted Measured Critical 

Reference Bank Position = 1'1F'.'1 steps) 

Design Value 
(Design Conditions) IsARS= 1002 ±150 pcm 

(Critical Reference Bank Position = 150 steps) 

Reference Engineering Transmittal NAF 2001-0104, Rev. 0, VEP-FRD-36A 

FSAR/Tech Spec If Design Tolerance is exceeded, SNSOC shall 

V evaluate impact of test result on safety analysis.  

Acceptance SNSOC may specify that additional testing 

Criteria be performed.  

Reference VEP-FRD-36A 
Design Tolerance is met • V. YES NO 

Acceptance Criteria is met : ,Z" YES NO 

VI 
Comments

Prepared By:/'Q e / Reviewed By: h4 aJQ7
t) N
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET 

I Test Description: M/D Flux Map - At Power 
Reference Proc No / Section: 1-PT-94.0, 1-PT-21.1, 1-PT-21.2 

II Bank Positions (Steps) RCS Temperature ( F): TREF- 1 

Test Power Level (% F.P.): < 30 
Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 
(Design) CB: 226 CC: * CD: * Must have > 38 thimbles** 

III Bank Positions (Steps) RCS Temperature (OF): TREI
Test Power Level (% F.P.): 

Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 
(Actual) CB: 226 CC: •, CD: 150 -3 tA;,,/e 

Date/Time Test Performed: 
0o/10//0 1 i 30s _ _3o 

Maximum Relative Nuclear Enthalpy Total Heat Maximum 
Measured Assembly Rise Hot Flux Hot Positive Incore 
Parameter Power %DIFF Channel Factor Channel Quadrant 

IV (Description) (M-P)IP FAH(N) Factor Fo(Z) Power Tilt 
T est M easured + " "0 'f- •oP ? O60 

Results Value + IO,( 3 ,rPL.9 P4 9IO' 1 03-7 

Design Value t10% for P, Ž0.9 

(Design :015% for Pi<0.9 N/A N/A _< 1.0203 
Conditions) (PI = assy power) 

Reference WCAP-7905, Rev. 1 None None WCAP-7905, Rev. 1 
NE-1292, Rev. 0 NE-1292, Rev. 0 

V FSAR/COLR None FAH(N)_<1.49(1+O.3(1-P)) F,(Z)<4.38-K(Z) None 
Acceptance 

Criteria Reference None COLR 2.6 tCOLR 2.5.1 None 

Design Tolerance is met : , YES NO 
Acceptance Criteria is met : ,/ YES NO 

VI * As required 
Comments **Must have at least 16 thimbles for quarter core maps for multi-point calibrations
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Reference 
II 

Test 
Conditions 
(Design) 

IIl 
Test 

Conditions 
(Actual) 

IV 

Test 
Results

-V

Acceptance 
Criteria

VI 
Comments

Test Description: M/D Flux Map - At Power 

Proc No / Section: 1-PT-94.0, 1-PT-21.1, 1-PT-21.2 

Bank Positions (Steps) RCS Temperature ('F): TREF - 1 
Power Level (% F.P.):65 < P -75 

SDA: 226 SDB: 226 CA: 226 Other (specify): Mus na__ e L ... u• i0 i,•t |

CB: 226 CC: 226 CD: 

Bank Positions (Steps)

SDA: 226 SDB: 226 CA: 226 

CB: 226 CC: 226 CD:/? 2-

Date/Time Test Perfom ed: 
Maimu oi 100 uc1 

Maximum Relative INucleal

Measured 
Parameter 

(Description) 

Measured 
Value 

Design Value 

(Design 

Conditions) 

Reference

Assembly 
Power %DIFF 

(M-P)/P 

3.19 -Ao ,oPz 0,q 

-±10% for P, ;Ž0.9 

±15% for Pi<0.9 

(PI = assy power) 

WCAP-7905, Rev. 1

musI navez-"oot n,,•= 
RCS Temperature (OF): 2%,/ 

Power Level (% F.P.): / Pother (specif ): "', ,Y

Other (specify): 

r Enthalpy Total Channel Factor

Channel Factor FAH(N) 

N/A

Heat 
lint

Channel 
Factor Fo(Z) 

I.JLVS

N/A

Maximum positive Incore 
Quadrant 
Power Tilt 

1, 003 ý

_5 1.0203

None None 1WCAP-7905, Rev. 1

NE-1292, Rev. 0 ..... ...  

FSARPCOLR None F&H(N)_1.49(1+0.
3 (1-P)) F0(Z)-5C2.191P}'K(Z) None 

Reference None COLR 2.6 COLR 2.5.1 None 

Design Tolerance is met " YES NO 

Acceptance Criteria is met: 7YES NO 

"As required 
"Must have at least 16 thimbles for quarter core maps for multi-point calibrations

r-u' r n ot -
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NORTH ANNA POWER STATION UNIT 1 CYCLE 16 
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET 

I Test Description: RCS Flow Measurement 
Reference Proc No / Section: 1 -PT-27 

II Bank Positions (Steps) RCS Temperature (""F): TREF± 1 
Test Power Level (% F.P.):95 _• P < 100 

Conditions SDA; 226 SDB: 226 CA: 226 Other(specify): T-=o-9 
(Design) CB; 226 CC: 226 CD' * f..ool•oaq? 

III Bank Positions (Steps) RCS Temperature (OF): •go, g "f 
Test Power Level (% F.P.): ilb-a7 

Conditions SDA: 226 SDB: 226 CA: 226 Other (specify): 
(Actual) CB: 226 CC: 226 CD: ;L UP 

DatelTime Test Performed: 

Measured Parameter FTrOa.; Total RCS Flow Rate 
(Description) ...... ....  

IV 
Test Measured Value F'rOFj= 313) 5-04. g.trr 

Results 

Design Value Not Applicable 
(Actual Conditions) 

Design Value Not Applicable 
(Design Conditions) 
Reference Not Applicable 

V FSAR/Tech Spec FTot Z• 295,000 gpm 
Acceptance 

Criteria Reference Technical Specification 3.2.5 

Design Tolerance is met & ,Av- YES ^'/A NO 
VI Acceptance Criteria is met : -K YES NO 

Comments * As required

Prepared By: 2?ý Reviewed By.- 4440. WA Lj
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