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1.0 Introduction and Cycle Description 

This report documents the startup test results for Cycle 11 at 

H. B. Robinson Unit 2. The startup tests are a technical specification 

requirement performed to verify proper core loading, along with various 

calculated parameters related to reactor safety and performance. The 

report is not intended to discuss the detailed startup procedures (refer 

to Startup Procedure EST-50) or to present the detailed data which are on 

file at the H. B. Robinson Plant.  

Items to be specifically addressed include core design parameters, 

fuel specifications, startup test results, including boron worth and end 

points, control rod worth and drop times, moderator temperature 

coefficients, and power distribution. The report presents a comparison 

of Exxon Nuclear Company's design predictions to startup measurements.  

H. B. Robinson Unit 2 is a three-loop Westinghouse PWR currently in 

its eleventh cycle of operation at a rated power level of 2,300 MWt. The 

core consists of 157 (15x15) Exxon fuel assemblies having an initial 

U-235 enrichment of 3.48 w/o for Region 14, 3.08 w/o for Region 13A, 

1.24 w/o for Region 13, 2.85 w/o for Region 12 fuel, and 2.90 w/o for the 

remainder of the fuel. A total of 40 out of the 48 fresh assemblies 

inserted at the start of Cycle 11 contain a total of 288 gadolinia pins 

of 4.00 w/o gadolinia and 96 gadolinia pins of 6.00 w/o gadolinia.
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Tables 1.1 and 1.2 contain appropriate core design parameters and fuel 

specifications, respectively. The Cycle 11 loading pattern is depicted 

in Figure 1.1 showing assembly identification, exposure, and region 

number. Each assembly consists of 204 fuel rods, 20 RCC guide tubes, and 

1 instrumentation tube. The core contains 45 full-length control rods 

grouped into 6 banks and are located as depicted in Figure 1.2. Also 

included in Figure 1.2 are the thimble locations for the movable incore 

fission detectors.  

The Cycle 11 initial criticality was achieved on March 22, 1986.  

After achieving criticality, period measurements were performed and 

compared to the indicated startup rates from the reactivity computer 

(reactimeter), which used the N-44 power range detector for the source 

signal. Exxon Nuclear Company's six-group delayed neutron fractions and 

decay constants, which were used by the reactimeter, are depicted in 

Table 1.3. Period measurements for both positive and negative insertions 

of reactivity were checked and found to be satisfactory. Following 

reactimeter checkout, HZP physics tests were commenced in accordance with 

established startup procedures as outlined in Table 1.4. The results and 

pertinent acceptance criteria are summarized in Tables 1.5 and 1.6, 

respectively.
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2.0 Control Rod Bank Worth Measurements 

Differential and integral control rod bank worths were obtained 

using the reactimeter in accordance with Startup Procedure EST-50, 

Appendix D, with the reactor at zero power. With the reactor just 

critical near the ARO state, the controlling bank was diluted into the 

core at a fairly constant boron dilution rate. The reactimeter 

continuously recorded the reactivity change associated with the bank 

movement and the accompanying boron compensation. The reactimeter trace 

was used to determine the differential rod worth, defined as the ratio of 

the change in reactivity to the associated change in bank position. The 

integral rod worth is simply the cumulative sum of the differential rod 

worths between selected rod positions. Startup Procedure EST-50 required 

that the individual worths of Banks D and C be measured in the insertion 

sequence (not in overlap). The acceptance criteria required that the 

integral worth of each be within ±15 percent of predicted and that the 

total integral worth be within ±10 percent. If the above criteria were 

not met, the worth of the next two banks, B and A, were to be determined.  

If the total integral worth of D + C + B + A was not within ±10 percent 

of predicted or the individual integral worths of Control Banks B and A 

were not within ±15 percent, Shutdown Bank B was to be evaluated. If the 

corresponding criteria were not met, the worth of Shutdown Bank A and the 

N-1 worth were to be determined. The N-1 worth must be greater than 

95 percent of predicted or PNSC approval is required before power 

escalation.



Table 1.5 presents a summary of the predicted control rod bank 

worths and the corresponding worths measured during the startup 

program. The acceptance criteria were met by Exxon Nuclear Company for 

D and C measurements; consequently, no other rod banks were measured.  

Figures 2.1 through 2.4 illustrate the predicted differential and 

integral rod worth curves together with the measured data points.
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3.0 Isothermal Temperature Coefficient Measurements 

The isothermal temperature coefficient was measured during zero 

power physics tests to ensure that the moderator temperature coefficient 

was less than +5.00 pcm/oF as required by technical specifications. The 

coefficient was obtained by slow uniform heat-up/cool-down of the primary 

system and recording the resultant reactivity change (as obtained from 

the reactimeter) versus temperature (as obtained from the auctioneered 

Tavg) on an X-Y plotter. All measurements were performed below the 

nuclear heating range to ensure maintaining the moderator and fuel at 

approximately the same temperature to preclude Doppler feedback. Over 

the temperature range of interest (530aF to 540 0F), the relationship 

between reactivity and temperature was approximately linear, such that 

the temperature coefficient could be determined by the ratio of the 

change in reactivity to the change in temperature (Ap/AT). The average 

of the heat-up/cool-down coefficients was used to negate the effects of 

any inadvertent reactivity additions through boron concentration 

mismatches between the reactor coolant system and pressurizer.  

The isothermal temperature coefficent was measured with Control 

Bank D nearly withdrawn and fully inserted. Table 3.1 gives the 

predicted and measured isothermal temperature coefficents, while 

Table 1.5 presents the measured moderator temperature coefficent assuming 

a Doppler coefficient of -1.66 pcm/oF. Figures 3.1 through 3.4 depict 

the X-Y recorder traces for the respective measurements.
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The technical specification limit on the moderator temperature 

coefficients being less than +5.00 pcm/oF during power escalation to 

50 percent and less than 0.00 pcm/oF at 100 percent power was met by the 

moderator temperature coefficients being already less than +5.00 pcm/oF 

negative at the HZP, ARO state; consequently, there was no control rod 

withdrawal limitations during power escalation. (Power defect and xenon 

buildup together force the moderator temperature coefficient to be quite 

negative even before the 30 percent power flux map is taken).  

The Cycle 11 moderator temperature coefficient is placed in 

perspective with previous cycles in Table 3.2. The addition of the 

burnable poison rods in Cycle 11 once again caused the moderator 

temperature coefficient to be less than zero at the HZP, ARO state.
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4.0 Boron Worth and Endpoint Measurements 

Commensurate with dilution and boration of the reactor coolant 

system, boron samples were acquired approximately every 15 minutes to 

determine boron reactivity and concentration endpoints at various control 

bank configurations. For the endpoint measurements, three successive 

samples were acquired to provide adequate statistics, the average being 

used for the endpoint concentration. Figure 4 .1 depicts the predicted 

and measured boron endpoints. The 50 ppm acceptance criteria on the ARO 

endpoint was satisfied by Exxon Nuclear Company. Figure 4.2 is a 

representation of the boron endpoints showing the measured integrated 

reactivity versus boron concentration. The slope of the curve is the 

differential boron worth at HZP.



5.0 Power Distribution 

The core power distribution is verified to ensure proper core 

loading in compliance with technical specification limits relating to hot 

channel factors, thermal-hydraulic constraints, and power density. The 

necessary data for this verification is obtained from the INCORE code, 

which processes the movable in-core detector data. Table 5.1 summarizes 

the pertinent startup test.flux maps - 32.52 percent, 72.38 percent, 

89.37 percent, and 94.80 percent power maps being denoted by Map 

Numbers 498, 499, 505, and 506, respectively. Table 5.2 presents 

statistics for evaluating the flux map quality. The percent difference 

between the measured reaction rate and that predicted by Exxon Nuclear 

Company is less than 5 percent. The HZP map was excluded from the 

startup procedures for Cycle 11 because of the instabilities noted in the 

HZP map due to the inadequate signal-to-noise ratio response of in-core 

detectors. The HZP acceptance criteria applied to previous cycles was 

met by the 32.52 percent map.  

Figures 5.1 through 5.4 depict quarter-core averaged power 

distributions for the flux maps listed in Table 5.1 The corresponding 

full-core distributions are included in Appendix A, Figures A-1 through 

A-4. The agreement between predicted and measured power distributions is 

good, with a standard deviation of less than 3 percent. Figures 5.5
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through 5.10 indicate FT versus height for the startup test maps; and 0 Q 
Figures 5.11 through 5.17, respectively, show maximum F , limiting F, 

FAN, peak kilowatts/foot, Fxy, peak and average Fz, and assembly radial 

peaking factors. Acceptance criteria were met by all maps.
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6.0 Control Rod Drop Times 

The control rod drop test (refer to Startup Procedure EST-48) was 

performed to determine the drop time of each full-length control rod in 

the cold and hot full-flow conditions. Beginning with all rods in the 

core, a control bank was selected and pulled to the fully withdrawn 

position. Each rod of the bank was then dropped individually by 

physically removing the fuse in the stationary gripper coil current. A 

trace of the falling rod was obtained on a visicorder from the Linear 

Voltage Displacement Transmitter output. Using an accompanying AC timing 

trace, the drop times were determined. Technical specifications require 

that the rod drop time of each full-length control rod be less than 

1.8 seconds at full flow and operating temperature from the beginning of 

rod motion to dash pot entry. Tables 6.1 and 6.2 summarize the rod drop 

time results for each control rod in the cold and hot condition, 

respectively.



7.0 Conclusions 

The data obtained during the startup physics test for Cycle 11 

indicate good agreement between measured and predicted parameters. The 

results of the startup tests yield good confidence in Exxon Nuclear 

Company's design model and our ability to predict Cycle 11 core 

responses.
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TABLE 1.1 

H. B. ROBINSON UNIT 2 
CORE DESIGN PARAMETERS 

Cycle 10 Cycle 11 

Power Rating (MWt) 2,300 2,300 

As-Built Zero Burnup Loading (MTU) 

Region 11** 20.70 1.73 
Region 12 18.97 17.24 
Region 12A .43 .43 
Region 12B 3.46 3.46 
Region 13* 3.66 3.66 
Region 13A 18.89 18.89 
Region 14 20.81 

Total 66.11 66.22 

System Pressure (psia) 2,250 2,250 

Core Average Moderator Temperature at HZP (OF) 547 547 

Core Average Moderator Temperature at HZP (OF) 575 575 

Core Size 

Equivalent Diameter (Inches) 119.7 119.7 
Fuel Pellet Stack Height Cold (Inches) 144.0 144.0 

Average Thermal Output (Kilowatts/Foot) 5.98 5.98 

Maximum Thermal Output for Normal Operation Based on 13.52 13.52 
ECCS Limitation (Kilowatts/Foot) 

Core Power Density (Kilowatts/Liter) 86.35 86.35 

Number of Burnable Poison Rods 348 384 

*PLSA lower 36 inches of central 132 inches contains 304 stainless steel.  
**Four of the prematurely discharged Region 11 assemblies in Cycle 9 are 
reinserted.
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TABLE 1.2 

H. B. ROBINSON UNIT 2, CYCLE 11 
FUEL SPECIFICATIONS 

Percent Weight Percent Pellet 
Nominal As Theoretical U-235 in 0.D. Gas 

Region Design Loaded Density U0Gd0 30 (Inches) Fill 

11 2.90 2.903 94.0 - 0.3565 He 
12 2.85 2.850 94.0 - 0.3565 He 
12* 2.85 2.850 94.0 2.20 0.3565 He 
12** 2.85 2.850 94*0 2.20 0.3565 He 
12A*** 2.85 2.850 94.0 2.20 0.3565 He 
12B 2. 85 2.850 94.0 - 0.3565 He 
13+ 1.24 1.240 94.0 - 0.3565 He 
13A 3.12 3.120 94.0 - 0.3565 He 
13A** 3.09 3.090 94.0 2.37 0.3565 He 
13A*** 3.02 3.020 94.0 2.37 0.3565 He 
14 3.48 3.480 94.0 - 0.3565 He 
14* 3.48 3.480 94.0 2.60 0.3565 He 
14** 3.43 3.430 94.0 2.60 0.3565 He 
14*** 3.141 3.410 940 2.60 0*3565 He 
14**** 3.41 3.410 94.0 2.60 0.3565 He 

Fuel Rod Specifications 

Fuel Rod 0.D. - 0.424 
Clad Material - Zircaloy-4 
Clad Thickness - 0.0290 Inches 

*Fuel with 4 pins of 4.00 w/o gadolinia per assembly.  
**Fuel with 8 pins of 4.00 w/o gadolinia per assembly.  

***Fuel with 12 pins of 4.00 w/o gadolinia per assembly.  
****Fuel with 12 pins of 6.00 w/o gadolinia per assembly.  

+PLSA lower-36 inches of central 132 inches contains 304 stainless steel.
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TABLE 1.3 

H. B. ROBINSON UNIT 2, CYCLE 11 
INPUT PARAMETERS TO REACTIVITY COMPUTERt 

Prompt Neutron Lifetime, Z* = 23.8 pSeconds 

Delayed Neutron Importance, I = 0.965 

All-Rod-Out - Use for Unrodded Measurements 

I*Bitt Ai 
Precursor Data Decimal Octal Decimal Octal 

Group 1 0.000198 0.000063717000 0.012542 0.006327636500 
Group 2 0.001250 0.000507534100 0.030775 0.017603366400 
Group 3 0.001129 0.000447753600 0.117827 0.074247510100 
Group 4 0.002418 0.001171672300 0.315995 0.241624143000 
Group 5 0.000892 0.000351652100 1.261426 1.205663204000 
Group 6 0.000218 0.000071113300 3.460418 3.353567642000 

0.006104 

a/X= 0.077062 

Bank D In - Use for Bank D Measurements 

I*6itt Ai 

Precursor Data Decimal Octal Decimal Octal 

Group 1 0.000200 0.000064333400 0.012539 0.006327014000 
Group 2 0.001256 0.000511201300 0.030776 0.017603574600 
Group 3 0.001136 0.000451627200 0.117684 0.074202117000 
Group 4 0.002435 0.001176244100 0.315669 0.241476570000 
Group 5 0.000896 0.000352703000 1.259497 1.204671452000 
Group 6 0.000218 0.000071113360 3.457489 3.352167776000 

0.006141 

/V = 0.077606 

tR. J. Tuttle; "Delayed Neutron Data for Reactor - Physics Analysis: Nuclear 
Science and Engineering; 1975; Page 56 and Pages 37-71.  

tiThe delayed neutron fractions have been multiplied by the importance factor, 
I.
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TABLE 1.3 
(CONTINUED) 

Bank (D + C) In - Use for Bank C Measurements 

I*8 itt Ai 
Precursor Data Decimal Octal Decimal Octal 

Group 1 0.000201 0.000064541600 0.012537 0.006326377500 
Group 2 0.001260 0.000512232200 0.030774 0.017603160200 
Group 3 0.001139 0.000452452000 0.117592 0.074152023000 
Group 4 0.002442 0.001200117500 0.315484 0.241416171600 
Group 5 0.000896 0.000352703000 1.258506 1.204265630000 
Group 6 0.000218 0.000071113300 3.454382 3.350511410000 

0.006157 

a/A 0.077868 

Bank (D + C + B) In - Use for Bank B Measurements 

I*8itt Ai 
Precursor Data Decimal Octal Decimal Octal 

Group 1 0.000195 0.000063074300 0.012544 0.006330253100 
Group 2 0.001239 0.000504627600 0.030767 0.017601304600 
Group 3 0.001118 0.000445047300 0.117933 0.074303333200 
Group 4 0;002391 0.001162622400 0.316246 0.241725773500 
Group 5 0.000883 0.000347362200 1.262442 1.206275461000 
Group 6 0.000216 0.000070477000 3.457889 3.352340665000 

0.006042 

8/A = 0.076288 

Bank (D + C + B + A) In - Use for Bank A Measurements 

I*aitt Ai 
Precursor Data Decimal Octal Decimal Octal 

Group 1 0.000199 0.000064125200 0.012538 0.006326605600 
Group 2 0.001256 0.000511201300 0.030770 0.017602127300 
Group 3 0.001134 0.000451212700 0.117627 0.074163154500 
Group 4 0.002429 0.001174576600 0.315558 0.241441505600 
Group 5 0.000892 0.000351652100 1.258691 1.204346226000 
Group 6 0.000217 0.000070705200 3.452700 3.347620455000 

0.006126 

8/A = 0.077500 

ttThe delayed neutron fractions have been multiplied by the importance factor, 
I.
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TABLE 1.3 
(CONTINUED) 

Bank (D + C + B + A + SB) In - Use for Bank SB Measurements 

I*Sitt Xi 
Precursor Data Decimal Octal Decimal Octal 

Group 1 0.000203 0.000065156100 0.012534 0.006325555000 
Group 2 0.001267 0.000514105600 0.030775 0.017603366400 
Group 3 0.001146 0.000454325400 0.117434 0.074100474500 
Group 4 0.002457 0.001204054700 0.315109 0.241253736000 
Group 5 0.000898 0.000353317400 1.256165 1.203120074000 
Group 6 0.000218 0.000071113300 3.1450495 3.346516437000 

0.006413 

/A = 0.078376 

Bank (N-1) In - Use for Bank N-1 Measurements 

I*Oitt Ai 
Precursor Data Decimal Octal Decimal Octal 

Group 1 0.000203 0.000065156100 0.012533 0.006325346600 
Group 2 0.001268 0.000514314000. 0.030773 0.017602752100 
Group 3 0.001146 0.000454325400 0.117400 0.074067551200 
Group 4 0.002460 0.001204677400 0.315042 0.241232275400 
Group 5 0.000899 0.000353525500 1.255756 1.202744715000 
Group 6 0.000218 0.000071113300 3.449021 3.345714122000 

0.006192 

8/A = 0.078461 

ftThe delayed neutron fractions have been multiplied by the importance factor, 
I.
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Table 1.4 

H. B. Robinson Unit 2 - Cycle 11 
Startup Physics Test Procedures 

Procedure Number Revision 

Startup Procedure EST-050 7 

Initial Criticality EST-050, Appendix A 7 

Boron Endpoint Measurement EST-050, Appendix B 7 

Moderator Temperature Coefficient EST-050, Appendix C 7 

Control Rod Reactivity Worth EST-050, Appendix D 7 

Measurement 

Connection of Reactimeter for EST-050, Appendix E 7 

Startup Physics Test 

Control Rod Drop Test EST-048 4 

Power Distribution Maps EST-02 5 

4419ICA



-19

TABLE 1.5 

H. B. ROBINSON UNIT 2, CYCLE 11 
STARTUP TEST SUMMARY 

Boron Endpoint (ppm) 

Configuration Measured Predicted Difference 

ARO 1,249 1,269 -20 
D In 1,193 1,193 0 
D + C 1,006 1,000 +6 

Control Rod Worths (pcm) 

ENC Percent 
Bank Measured Predicted Difference 

D 645 665 -3.0 
C 1,801 (D Inserted) 1,702 +5.8 

C + D 2,446 (In Overlap) 2,367 +3.3 

Moderator Temperature Coefficient (pcm/6F) 

Configuration Measured Predicted Difference 

D at 195 -0.01 +0.7 -0.71 
D at 0 -2.63 -1.4 -1.23 

Differential Boron Worth (pcm/ppm) 

ENC Percent 
Measured Predicted Difference 

-11.52 -8.75 -31.7 

Power Distribution at HFP 

ENC Percent 
Measured* Predicted*** Difference 

FT** 2.08 2.09 -0.48 Q 

FAN 1.57 1.54 +1.95 

*Values at 100 MWD/MT and 89.4 percent power.  
**Include V(Z) for ±3 percent bands.  

***Values at 100 MWD/MT and 100 percent power.
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TABLE 1.6 

H. B. ROBINSON UNIT 2, CYCLE 11 
STARTUP PHYSICS TEST PROCEDURES 

ACCEPTANCE CRITERIA 

Test Criteria 

Boron Endpoint ARO boron centration is within ±50 ppm of 
predicted.  

Moderator Temperature a. The HZP temperature coefficient with 
Coefficient D-bank inserted is less than 

+2.0 pcm/oF. (If not, PNSC approval is 
required.) 

b. The moderator temperature coefficient 
during power escalation is less than 
+5.0 pcm/OF from 0 to 50 percent power 
and decreasing linearly to less than 
0.0 pcm/oF at 100 percent power.  

Control Rod Worth a. D and C each are within ±15 percent of 
the predicted worth.  

b. D + C are within ±1.0 percent of the 
predicted total.  

c. If not a and b, include B and A; if 
still not, include SB.  

d. If not a, b, or c, determine SA and N-1 
worth. N-1 worth predicted 95* percent 
or PNSC approval is required.  

Power Distribution Maps* Power Maps 

a. FQ(Z) minimum (4.62, 2.32/P) x K(Z), 
where P = a fraction of 2,300 MWt.  

FNb. FAH = 1.65 * 1 + 0.2 (1 - P) 

c. Quadrant Tilts = 1.02 

Control Rod Drop The drop time to dashpot under hot 
conditions = 1.8 seconds.  

*The HZP flux map was removed from the startup procedures for Cycle 11.
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TABLE 3.1 

H. B. ROBINSON UNIT 2, CYCLE 11 
ISOTHERMAL TEMPERATURE COEFFICIENT SUMMARY 

Isothermal Temperature Coefficient (pcm/oF) 
Configuration Measured 

ENC Difference From 
D-Steps C-Steps Heat-Up Cool-Down Average Predicted* Measured 

195 228 -2.34 -1.00 -1.64 -1.0 -0.64 
0 217 -5.34 -3.23 -4.29 -3.1 -1.19
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TABLE 3.2 

H. B. ROBINSON UNIT 2 
MEASURED TEMPERATURE COEFFICIENTS 

All Rods Out D-Bank In 
Boron Moderator Boron Moderator 

Cycle (ppm) (pcm/oF) (ppm) (pcm/oF) 

3 1,297 -0.34 1,220 -1.98 
4 1,267 +0.66 1,200 -1.62 
5 1,320 +2.79 1,250 +0.66 
6 1,278 +3.33 1,194 +0.84 
7 1,215 +2.82 1,165 +0.26 
8 1,269 +2.38 1,193 +0.27 
9 1,094 +1.66 1,032 -1.34 
10 1,115 -0.19 1,047 -2.78 
11 1,249 -0.01 1,193 -2.63 

*-1.66 pcm/oF assumed for the Doppler coefficient.



* -23

TABLE 5.1 

H. B. ROBINSON UNIT 2, CYCLE 11 
FLUX MAP SUMMARY 

Core Core 
Map MWD/ PWR Average Average Location Kilowatt/ Limiting Location 3% 5% Location Number iKr- Date % D-Bank AO FZ -FAH FAH Foot FQ FQ FQ FR Band Band FZ FZ 498 10 03/26/86 33 151 -3.39 1.245 1.605 D12 4.11 2.100 2.105 B7 1.378 102.29 99.52 1.693 R9 
599 52 03/28/86 72 181 -5.07 1.208 1.568 D12 8.73 1.977 2.009 B7 1.393 108.65 105.71 1.705 01 505 100 03/31/86 89 211 -1.13 1.156 1.568 El 10.20 1.922 1.902 L9 1.408 111.77 108.75 1.650 01 506 190 04/02/86' 95 219 -'1.641 1.161 1.564, DI - 10.92 1.917 1.919 L9 1.407 112.09 109.06 1.638 015 

FQ includes a 1.03 engineering factor and a 1.05 measurement uncertainty.  FAH includes a 1.04 measurement uncertainty.  
Kilowatt/Foot includes a 1.03 engineering factor and a 1.05 measurement uncertainty.  *indicates that the map was analyzed with quarter-core symmetry.  

Map Quadrant Tilt Power Fraction Standard Deviation Number NW NE SW SE 14 13A 12A 12B 13 12 14 13At1ard 3 12 
498 1.005 0.999 1.002 0.995 1.069 1.231 0.817 1.260 0.219 0.863 3.2211 2. 440 5.316 1.918 3.381 2.692 
4199 1.002 0.999 1.003 0.997 1.052 1.237 0.926 1.230 0.212 0.880 2.230 1.572 1.636 2.150 2.316 1.757 505 0.997 0.999 0.998 1.005 1.035 1.241 1.057 1.216 0.212 0.895 2.772 1.576 2.105 1.597 2.558 2.67 506 1.000 1.003 0.997 1.001 1.034 1.241 1.059 1.213 0.212 0.896 2.557 1.641 2.306 1.358 2.275 2.151
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TABLE 5.2 

H. B. ROBINSON UNIT 2, CYCLE 11 
FLUX MAP THIMBLE STATISTICS

Map Number of Number of Reaction Rate 
Number Good Thimbles Bad/Missing Thimbles Percent Difference* 

498 40 2/8 4.89 
499 40 2/0 4.58 
505 45 0/2 3.36 
506 44 0/3 3.69 

*Only includes the high enriched region.
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TABLE 6.1 

H. B. ROBINSON UNIT 2, CYCLE 11 
'COLD CONTROL ROD DROP TIMES 

Drop Time Dash Pot 
to to Total 

RCCA RCCA Dash Pot Rod Bottom Time Drop Time RCS RCS RCS 
Band Grid (t1) (t2) (t1 + t2 ) Tavg Flow Pressure 

Number Location (Seconds) (Seconds) (Seconds) (OF) (Percent) (psig) 

SDA G-3 1.34 .58 1.92 136 120% B&C 350 
C-9 1.37 ;63 2.00 136 120% B&C 350 
J-13 1.35 .63 1.98 136 120% B&C 350 
N-7 1.32 .63 1.95 136 120% B&C 350 
J-3 1.40 .63 2.03 136 120% B&C 350 
C-7 1.34 .63 1.97 136 120% B&C 350 
G-13 1.29 .61 1.90 136 120% B&C 350 
N-9 139 .61 2.00 136 120% B&C 350 

SDB E-5 1.40 .66 2.06 136 120% B&C 350 
E-11 1.38 .61 1.99 136 120% B&C 350 
L-11 1.30 .62 1.92 136 120% B&C 350 
L-5 1.40 .66 2.06 136 120% B&C 350 
H-6 1.29 .61 1.90 136 120% B&C 350 
F-8 1.35 .63 1.98 136 120% B&C 350 
H-10 1.34 .62 1.96 136 120% B&C 350 
K-8 137 .64 2.01 136 120% B&C 350 

CA G-5 1.33 .61 1.94 136 120% B&C 350 
E-9 1.31 .60 1.91 136 120% B&C 350 
J-11 1.38 .62 2.00 136 120% B&C 350 
L-7- 1*33 .59 1'92 136 120% B&C 350 
J-5 1.38 .60 1.98 136 120% B&C 350 
E-7 1.28 .62 1.90 136 120% B&C 350 
G-11 1.33 .59 1.92 136 120% B&C 350 
L-9 1.27 .63 1.90 136 120% B&C 350 

CB F-2 1.34 .63 1.97 136 120% B&C 350 
B-10 1.37 .62 1.99 136 120% B&C 350 
K-14 1.48 .72 2.20 136 120% B&C 350 
P-6 1.23 .64 1.87 136 120% B&C 350 
K-2 1.35 .68 2.03 136 120% B&C 350 
B-6 1.33 .59 1.92 136 120% B&C 350 
F-14 1.28 .63 1.91 136 120% B&C 350 
P-10 1.34 .63 1.97 136 120% B&C 350
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TABLE 6.1 
(CONTINUED) 

Drop Time Dash Pot 
to to Total 

RCCA RCCA Dash Pot Rod Bottom Time Drop Time RCS RCS RCS 
Band Grid (tl) (t2) (t1 + t2 ) Tavg Flow Pressure 

Number Location (Seconds) (Seconds) (Seconds) (OF) (Percent) (psig) 

CC F-4 1.29 .61 1.90 136 120% B&C 350 
D-10 1.38 .66 2.04 136 120% B&C 350 
K-12 1.28 .62 1.90 136 120% B&C 350 
M-6 1.33 .61 1.94 136 120% B&C 350 
K-4 1.24 .58 1.82 136 120% B&C 350 
D-6 1.26 .66 1.92 136 120% B&C 350 
F-12 1.31 .60 1.91 136 120% B&C 350 
M-10 1.30 .61 1.91 136 120% B&C 350 

CD D-8 1.29 .61 1.90 136 120% B&C 350 
M-8 1.40 .70 2.10 136 120% B&C 350 
H-4 1.28 .65 1.93 136 120% B&C 350 
H-12 1.32 .61 1.93 136 120% B&C 350 
H-8 1.37 .59 1.96 136 120% B&C 350
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TABLE 6.2 

H. B. ROBINSON UNIT 2, CYCLE 11 
HOT CONTROL ROD DROP TIMES 

Drop Time Dash Pot 
to to Total 

RCCA RCCA Dash Pot Rod Bottom Time Drop Time RCS RCS RCS 
Band Grid (ti) (t2) (t1 + t2 ) Tavg Flow Pressure 

Number Location (Seconds) (Seconds) (Seconds) (OF) (Percent) (psig) 

SDA G-3 1.27 .53 1.80 543 100 2,235 
C-9 1.35 .55 1.90 543 100 2,235 
J-13 1.25 .56 1.81 543 100 2,235 
N-7 1.25 .57 1.82 543 100 2,235 
J-3 1.35 .55 1.90 543 100 2,235 
C-7 1,26 .58 1.84 543 100 2,235 
G-13 1.27 .52 1.79 543 100 2,235 
N-9 1.28 .56 1.84 540 100 2,235 

SDB E-5 1.37 .56 1.93 540 100 2,235 
E-11 1.38 .53 1.91 540 100 2,235 
L-11 1.77 .55 1.82 540 100 2,235 
L-5' 1.39 .60 1.99 540 100 2,235 
H-6 1.30 .53 1.83 541 100 2,235 
F-8 1.39 .53 1.92 541 100 2,235 
H-10 1.37 .55 1.92 541 100 2,235 
K-8 1.38 .59 1.97 541 100 2,235 

CA G-5 1.29 .51 1.80 540 100 2,235 
E-9 1.34 .51 1.85 540 100 2,235 
J-11 1.39 .52 1.91 540 100 2,235 
L-7' 1.28 .54 1.82 540 100 2,235 
J-5 1.44 .51 1.95 540 100 2,235 
E-7 1.30 .55 1.85 540 100 2,235 
G-11 1.38 .51 1.89 540 100 2,235 
L-9- 1.32 .59 1.91 540 100 2,235 

CB F-2 1.32 .51 1.83 543 100 2,235 
B-10 1,40 .54 1.94 543 100 2,235 
K-14 1.46 .57 2.03 543 100 2,235 
P-6 1,30 .53 1.83 543 100 2,235 
K-2 1.38 .62 2.00 543 100 2,235 
B-6 1.34 .57 1.91 543 100 2,235 
F-14 1.33 .54 1.87 542 100 2,235 
P-10 1.32 .52 1.84 542 100 2,235
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TABLE 6.2 
(CONTINUED) 

Drop Time Dash Pot 
to to Total 

RCCA RCCA Dash Pot Rod Bottom Time Drop Time RCS RCS RCS 
Band Grid (t1) (t2) (t1 + t2 ) Tavg Flow Pressure 

Number Location (Seconds) (Seconds) (Seconds) (OF) (Percent) (psig) 

CC F-4 1.30 .51 1.81 545 100 2,235 
D-10 1.41 .55 1.96 545 100 2,235 
K-12 1.28 .53 1.81 545 100 2,235 
M-6 1.39 .53 1.92 545 100 2,235 
K-4 1.28 .51 1.79 545 100 2,235 
D-6 1.27 .59 1.86 545 100 2,235 
F-12 1.37 .51 1.88 541 100 2,235 
M-10 1.28 .54 1.82 542 100 2,235 

CD D-8 1.34 .51 1.85 540 100 2,235 
M-8 1.41 .72 2.13 540 100 2,235 
H-4 1.32 .56 1.88 540 100 2,235 
H-12 1.32 .52 1.84 540 100 2,235 
H-8 1.42 .50 1.92 540 100 2,235 

19971CA
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Figure 1.  

H. B. ROBINSON UNIT 2 CYCLE 11 

LORDING PRTTERN 
R P N M L K J H G F E 0 C B n 

N47 NSI N55 0 1 3F77 4816 3861 01 
1 1 5.00 5.00 5.00 

02Pol P33 P1] nI , P42 P34 P02 
02 ~0 0 0 13800 0 0 00 1.00 1.00 1.00 2.00 1.00 1.00 1.00 02 

MI8 P20 N09 mDI P3D MO2 NIO P21 M17 03 24067 0 14342 20626 0 20915 14702 0 25667 6.00 1.00 2.00 6.00 1.00 6.00 2.00 1.00 6.00 03 M26j Pl4 M20 N43 N23 M35 N31 N44 M21 PI5 M49 25036 0 10153 12482 12079 23520 12351 [205 9890 0 24371 6.00 1.00 4.00 2.00 2.00 6.00 2.00 2.00 4.00 1.00 6.00 04 
P05 Po M21 N37 L36 N0J 13 4 NU L35 5 12 . Po 1; o1 o5 P P06 05 \ 10155 12654 235 7947 23099 750 5 2364 2905 10606 0 0 1 0 .00 .00 2.00 6.06.00 2.00 7.00 6.00 1.00 . 00 7 4 37 N13 N36 2 M1 P26 M13 P17 N2 P25 M112 3 P36 Nil P3 5 06 0 13036 12689.1416 0 22550 0 22510 *0 21754 12980 14600 0 0 50 2.00 1-00 6.00 6.00 10 1 0 1.03 16.00 22597 2300 00 107 04 0 N54 P45 1113 NJ07 1152 M132 N27 M1 1145 NOB N24 Mil4 P16 N48 07 3955 0 20759 12174 7954 22944 24496 12706 24684 2252 8190 12656 2034 0 4161 07 5.00 1.00 6.00 2.00 2.00 6.00 6.00 2.00 6.00 6.00 2.00 2.010 6.00 1.00 5.00 N50 NIB P28t 1139' 1 1 P15 N26 1153 N28 PIH 1140 1137 P29 N2 5N2 08 4R05 14366 0 22724 23350 12499 14093 12965 0 22597 23265 0 337896 1042 08 6.00 4.00 6.00 1.00 2.00 3.00 2.00 7.00 6.00 5.00 1.00 2.00 5.00 N46 P45 M416 N2 NS N 251 M30 N25 129 N116 NO N32 M15 P17 N56 09 3570 0 21024 31912 7617 22485 24698 313 21101 22712 7750 12352 20699 0 4006 09 5.0 LO 0 ,.00 10 .00 2.00 2.00 2.00 6.00 2.00 .00 2.00 6.00 1.00 5.00 14N31 1 P33 M12 P19 41 P27 P09 N33 NIS P39 10 0 14585 12321 21571 0 22058 0 23165 0 21015 12314 14315 0 10 1.00 2.00 2.00 6.00 1.00 6.00 1.00 6.00 1.00 6.00 2.00 2.00 1.00 FB P09 1123 Mo LTl2 N02 M136 NO! L42 N39 1122 P24 P07 II0 0 9856 12924 2356!1 8035 23217 8272 23678 12346 10109 0 0 1.0 1.00 4.00 - 2.00 7.00 2.00 6.00 2.00 7.00 2.00 4.00 *.1.00 1.00 

1147 P13 1119 N42 N29 1133 21 NI 1115 P12 27 12 24217 0 10316 1250 12359 22739 12579 12715 10362 0 p16 1 6.01.00 4.00 2.00 2.00 6.00 2.00 2.00 1.001 1.00 6 .00 1 
M23 23 N12 1101 P32 1103 NIl P22 1150 RHSSE11OLY 10 125212 0 1431 20513 0 20740 13745 0 25141BOC EXPOSURE 6.00 1.00 2.0 00 1.00 6.00 2.00 1.00 G.0 REGION NUMBOER 1 

]ro0 P36 P44 N17 P43 P135 P03 11 0 a 0 14492 0 0 0 1.00. 1.00 .1.00 2.00 1.00 3.00 1.00 11 
N53 N49 N45 15 14057 50-93 4061 1 5.00 5.00 5.00 15 

R P N M L K J H G F E D0 C B A



-30

Figure 1.2 

H. B. ROBINSON UNIT 2 -- CYCLE- II 
CONTROL ROD AND FLUX THIMBLE LOCATIONS 
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T 
- -XTG PREDICTION 

Code Version: EXXON XTG H. B. ROBINSON UNIT 2 CYCLE 11 - MEASURED 
Run Date: 06/07/86 CONTROL BANK D INTEGRAL ROD WORTH (PCM) 
Reap. Engineer: JOSE GARCIA FIGURE 2.1 
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CE- 
- XTG PREDICTION 

Code Version: EXXON XTG H. 8. ROBINSON UNIT 2 CYCLE 11 * * MEASURED 
Run Date: 06/07/86 CONTROL BANK C INTEGRAL ROD WORTH (PCM) 
Resp. Engineer: JOSE GARCIA FIGURE 2.2 
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Cod- V XTG PREDICTION Code Version: EXXON XTG H. B. ROBINSON UNIT 2 CYCLE 11 * .MEASURED 
Run Date: 06/07/86 BANK D DIFFERENTIAL ROD WORTH (PCM) 
Reap. Engineer: JOSE GARCIA FIGURE 2.3 
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Code Version: EXXON XTG H. B. ROBINSON UNIT 2 CYCLE 11 XTG PREDICTION 
R - XTGSUREDITO Run Date: 06/07/86 BANK C DIFFERENTIAL ROD WORTH (PCM) J 

Resp. Engineer: JOSE GARCIA FIGURE 2.4 
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-35- Figure 3.1 

H. B. Robinson Unit 2, Cycle 11 
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Figure 3.2 

H. B. Robinson Unit 2, Cycle 11 
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Figure 3. 3 

H1. B. Robinson Unit 2, Cycle 11 
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Figure 3.4 

H. B. Robinson Unit 2, Cycle 11 
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0 . 0 
*=MEASURED Code Version: EXXON XTG H. B. ROBINSON UNIT 2 CYCLE 11 - PREDICTED 

Run Date: 06/07/86 MEASURED VS PREDICTED BORON END POINT 
Resp. Engineer: JOSE GARCIA FIGURE 4.1 
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Code Version: EXXON XTG H. B. ROBINSON UNIT 2 CYCLE 11 BORON WORTH -9.63 PCM/PPM 

Run Date: 06/07/86 BOC HZP MEASURED BORON WORTH (PCM/PPM) 
Resp. Engineer: JOSE GARCIA FIGURE 4.2 
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Figure 5.3 

H.B. Robinson Unit 2 Cycle 11 
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Figure A.4 

H.B. Robinson Unit 2 Cycle 11 
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