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ABS TRACT

This report summarizes the results of startup physics tests 

for the Indian Point Unit No. 2 reactor at Hot Zero Power 

conditions, and during reactor power level escalation.  

Results of these tests verified the nuclear design of 

the reactor core satisfied the Technical Specification 

and FSAR requirements and demonstrated adequate conser

vatism of design and analyses. Based upon the measured 

core power distributions, it is concluded that the ex-core 

instrumentation provide adequate response for the core 

protection system.
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I. Introduction 

Indian Point Unit No. 2 reactor attained initial 0 
criticality on May 22, 1973. Subsequently, a series of 

physics tests described in the Indian Point Unit No. 2 

FSAR (Final Facility Description and Safety Analysis 

Report), Reference 1, were carried out. These tests 

are listed in Table 1.1. The objectives of these 

tests were: (a) to demonstrate that the core performance 

during reactor operation would not exceed FSAR, 

Reference 1, and Technical Specification, Reference 2, 

limits; (b) to verify the nuclear design calculations; 

(c) to demonstrate the nuclear instrumentation 

responses to abnormal conditions, and (d) to provide 

the bases for the calibration of reactor instrumentation.  

Sections 2 and 3 of this report deal with a brief 

description of reactor core and measurement methods, 

respectively. In Section .4, results from Hot Zero 

Power (HZP) physics tests are presented and in 

Section 5, physics tests during power ascension 

(including low power ( 5%) tests) are described.  

Reactor instrumentation response and calibration 

are treated in Section 6. The test results of the 

measured parameters have been compared with the design 

results. The latter are from the Indian Point Unit 

No. 2 reactor design report, Reference 3. A summary 

of comparison is given in Section 7.



TABLE 1.1 

List of Startup Tests 

1. Nuclear Design Check Tests 

(a) Endpoint Boron Concentrations (HZP) 
(b) Isothermal Temperature Coefficients (HZP) 
(c) Core Power Distributions at Low Reactor Power ( 5% 

Power) 

2. RCC Control Group Calibration 

(a) RCC Bank Differential and Integral Worths 
(b) P/L Bank Differential and Integral Worths 

3. Power Coefficient Measurements (0 to 100% of Full Power) 

4. Minimum Shutdown Verification (HZP) 

5. Pseudo-Rod Ejection Test (at 5% and 50% Power) 

6. Static RCC Drop Tests (at 50% Power) 

7. Power Range Instrumentation Calibration 

8. P/L Group Operational Maneuvering 

9. Power Redistribution Follow



2. Reactor Core Description

Indian Point Unit No. 2 core consists of 193 fuel 

assemblies of slightly enriched uranium dioxide. Each 

fuel assembly contains 204 fuel rods with zirconium alloy 

cladding, 20 rod cluster control (RCC) guide tubes for 

inserting control rods, and a central instrumentation 

thimble. Burnable poison rods, composed of borated 

Pyrex glass, are inserted in selected assemblies 

to provide negative moderator temperature coefficient 

*during reactor operation, and to control excess reactivity 

early in life Cycle 1.  

2.1 Reactor Core Control 

In addition to the chemical shim control by boric 

acid dissolved in the coolant water, control 

and shutdown of the reactor is accomplished by 

53 full-length Rod Cluster control Assemblies 

(RCCA's). The latter consist of four control 

and four shutdown banks. The core also contains 

eight part-length (P/L) rodsto shape the axial 

power distribution during xenon transients.  

Figure 2.1 is an X-Y cross-section of reactor 

core containing RCC bank positions and the 

enrichment zones.  

2.2 Reactor Core Instrumentation 

The reactor core instrumentation consists of 

four ex-core detectors, six moveable in-core



detectors (M/D) capable of scanning up to 50 

fuel assemblies through their central thimble 

guide tubes, 65 in-core thermocouples (T/C) 

to monitor exit coolant temperatures, and 32 

fixed in-core detectors in eight assemblies.  

Figure 2.2 shows the in-core and ex-core 

instrumentation.

-4-
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3. Measurement Methods

The reactor was kept within +20 pcm of the critical 

state during the physics measurements and the reactor 

power was held constant via control rod/boron exchanges 

and/or control rod/coolant temperature exchanges. Small 

changes in core reactivity during the tests were indicated 

by the reactivity trace provided by the reactivity 

computer.  

The axial power distribution in the instrumented 

assemblies were obtained using the moveable in-core 

detectors.  

3.1 Reactivity Computer 

The absolute measurement of small changes in 

reactivity was provided by the on-line solution 

of the point-reactor kinetics equations using 

an analog computer. The latter was checked out 

by comparing the reactivity obtained from the 

reactor period with that given directly by 

the reactivity computer. This comparison is 

shown in Table 3.1. A good agreement between 

reactivities obtained from two sources ensured 

the reliability of delayed neutron data, given 

in Table 3.2. This data was used as an input 

to the solution of neutron kinetics equations by 

the reactivity computer.



During HZP tests, an output signal from an ex-core 

detector N-Channel 43, as shown in Figure 3.1, 

was fed into the reactivity computer. However, 

during the power ascension tests, signals from 

the top and bottom sections of all four ex-core 

detectors were first summed and then fed into the 

reactivity computer, see Figure 3.1.  

3.2 Moveable In-core Detectors 

The axial core power distributions provided by the 

moveable in-core detectors were integrated over 

the Z-variable (axial) to obtain the radial or 

(X-Y) power distributions of the instrumented 

assemblies. The relative assembly power distri

butions in the'core were finally obtained using an 

INCORE code, Reference 4. The analysis of the in

core flux maps also provided measured hot channel 

N N factors FAH and Fq

-8-



TABLE 3.1 PERIOD TO REACTIVITY COMPARISON

Doubling Reactor Reactivity. Reactivity Difference 

Time (sec) Period (sec) (pcm) Meas. (pcm) (M-P) (pcm) 

265 383 20 20 0 
113 163 43 42.5 -0.5 
106 153 45 44.5 -0.5

TABLE 3.2 DELAYED NEUTRON DATA

Group

Eiieff 

i

ieff
.9 4

0.00021 

0.00144 

0.00133 

0.00276 

0.00096 

0.00032

= 0.00702 

= 19.1 psec 

= 0.970

xi (sec)

0.0125 

0.0310 

0.1150 

0.3110 

1.2370 

3.3750

$ieff =

-9-



Zero Power Tests At-Power Tests

Summing Junction 
Picoammeter 
Reactivity Computer 
Strip Chart Recorder

A = Isolation Amplifier 
B = Summing Junction 

C = Reactivity Computer 
D = Strip Chart Recorder

Figure 3.1 Process Instrumentation Arrangements for Reactivity Measurements
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4. Hot Zero Power (HZP) Tests 

The Indian Point Unit No. 2 reactor attained initial 

criticality on May 22, 1973. The criticality, at 

beginning of life (BOL) and HZP condition, was obtained 

by the sequential withdrawal of RCC shutdown and control 

bank and by subsequently diluting the borated reactor 

coolant. During the approach to criticality, an ICRR 

(Inverse Count Rate Ratio) plot versus time was kept.  

Measured critical boron concentration, at BOL, HZP 

and ARO (All Rods Out) core condition, was equal to 

1340 ppm compared to the design result of 1314 ppm, 

Reference 3. The difference of 26 ppm between measured 

and design boron concentrations was less than 50 ppm, 

the acceptance limit for this measurement.  

HZP physics tests included the following measurements: 

(a) endpoint boron concentrations for several configurations 

of RCC banks; (b) differential and integral worths of RCC 

banks during normal insertion/withdrawal seauence, for both 

with and without bank overlap cases; (c) isothermal tem

perature coefficients for different RCC bank configurations; 

and (d) minimum shutdown boron verification.  

In addition to the above tests at HZP, core power distri

bution measurements at low reactor power ( 5% power) for 

different RCCA bank configurations and during pseudo-rod 

ejection test were also made. These measurements are 

described in Section 5.

-11-



4.1 End-Point Boron Concentrations

In Table 4.1, measured end-point boron concentrations, 

for different control and shutdown RCC bank confi

gurations are presented. The corresponding design 

results, from Reference 3, are also listed. The 

maximum biased deviation, as shown in Table 4.1, 

is 82 ppm. However, the unbiased deviation,defined 

as the deviation in a specific rod configuration 

corrected to exclude the deviation associated with 

the previous configuration, is less than 50 ppm 

(the acceptance value of unbiased deviation for 

this test) in all cases as also shown in Table 4.1.  

4.2 RCC Bank Differential and Integral Worths 

Measurements of the differential and integral worth 

of individual RCC control and shutdown banks were 

carried out via boron/RCC exchange, with the reactor 

in the critical state. The reactivity computer trace 

provided the change in reactivity during insertion/ 

withdrawal of a RCC bank. The differential worth of 

a bank, Ap/Ah, is defined as the amount of change 

in reactivity per unit step of bank position, about 

an average bank position. The integral control bank 

worth was obtained by summing the differential worths 

for the bank positions during the insertion or with

drawal of the RCC bank.

-12-



In Table 4.2, the integral worth of individual 

control and shutdown RCC banks are presented. The 

cumulative worths are also given in Table 4.2.  

Along with the measured worths, design results are 

also given. In Figures 4.1 through 4.7, differ

ential and integral worths of four RCC control 

banks and three RCC shutdown banks are also shown.  

Due to the shutdown margin consideration, the insertion 

of shutdown Bank A was carried out by an exchange with 

the highest worth "stuck" rod RCCA B-6. It therefore 

provided only partial differential and integral worth 

curves for shutdown Bank A, as shown in Figure 4.8.  

Figures 4.9 and 4.10 show differential and integral 

worths of RCC control banks, in overlap, for P/L rods 

out of core and P/L rods at 82 steps, respectively.  

Measured integral worths in all cases are within +10% 

of design results. The latter constitutes the acceptance 

criteria for the integral worths of RCC banks.  

4.3 Part-T.enqth Bank Differential and Intearal Worths 

Measured differential and integral worth curves of 

part-length bank (P/L rods), with all RCC banks fully 

withdrawn except RCC Control Bank D at 193 steps, are 

shown in Figure 4.11. The absorber section of the part

length is about one-fourth of the full length.

-13-



The insertion of P/L bank beyond one quarter of its 

length resulted in covering a portion of the core by 

the absorber section of P/L bank and another portion 

by the non-absorber section. This action, couiiled 

with the effect of the axial power distribution, results 

in positive and negative differential worths of P/L bank 

durings its insertion into the core,as shown in Figure 4.11.  

4.4 Minimum Shutdown Boron 

Minimum shutdown boron is the boron concentration 

which would provide 1% shutdown margin reactivity, 

with all control rods in except the highest worth 

"stuck" rod out. Measured critical boron concen

tration, with all control rods in except "stuck" rod 

B-6 out was equal to 587 ppm (see Table 4.1). Based 

upon the measured boron worth equal to -10.66 pcm/ppm 

derived from the slope of the end-point boron concen

tration versus reactivity curve shown in Figure 4.12), 

minimum shutdown boron concentration was eaual to 681 

ppm. The corresponding value from the design calculation,.

Reference 3, was equal to 634 ppm (critical boron 

concentration for all rods in, except B-6 out, equal 

to 534 ppm plus 100 ppm of boron equivalent to 1% in 

reactivity based upon the boron worth equal to -10.03 

pcm/ppm). The difference between the measured 

and predicted minimum shutdown boron concentrations 

was less than 50 ppm. This satisfied acceptance 

criterion for this test.

-14-



4.5 Isothermal Temperature Coefficient 

Isothermal temperature coefficient measurements were 
0 

carried out for several RCC bank configurations.  

Measurements involved heatup and cooldown of the 

reactor coolant. In Table 4.3, measured as well as 

design values of isothermal temperature coefficients 

for five RCC bank configurations are presented.  

Measured values are from the analysis of reactivity 

versus temperature curves from a X-Y plot recorder 

and the design results from Reference 3. Measured 

isothermal temperature coefficients were more negative 

compared to the design values and acceptable.  

Measured temperature coefficients from the measured 

values of isothermal temperature coefficient were 

obtained by subtracting hot zero power Doppler coef

ficient equal to -1.71 pcm/°F. The latter is the 

design value from Reference 3. For the all rods out 

(ARO) case, the moderator temperature coefficient 

at BOL and HZP reactor condition was positive using the 

Table 4.3 results. Operating limits were therefore 

imposed to maintain the moderator temperature coefficient 

negative by 1 pcm/°F in order to satisfy the Tech

nical Specification requirements, Reference 2. This 

required limiting RCC Control Bank D withdrawal to 50 

steps and RCC Control Bank C to 180 steps at HZP and 

BOL condition. This limit was equivalent to a maximum 

boron concentration of 1200 ppm.  

-15-



TABLE 4.1

End-Point Boron Concentrations

Configuration 

All Rods Out 

C/D In 

C/D and C/C In 

C/D, C/C and 
C/B In 

C/D, C/C, C/B 
and C/A In 

S/D Plus CG In** 

S/D, S/C Plus 
CG In 

S/D, S/C, S/B 
Plus CG In 

All Rods In, 
RCCA B-6 Out

Measured 
(ppm)

1340 

1230 

1146 

1064 

965 

885 

782 

648 

587

Design 
(ppm)

Biased 
Deviation 

(ppm)

1314 

1200 

1103 

1022 

896 

827 

700 

573 

534

Unbiased* 
Deviation 

(12pm)

-11

-7 

-22

* Unbiased deviation is the deviation in a specific rod configuration 
corrected to exclude the deviation associated with the previous 
configuration: Acceptance value of deviation is +50 ppm.  

** CG = All Control Groups

-16-



TABLE 4.2 CONTROL ROD BANK INTEGRAL WORTH SUMMARY

BANK CONFIGURATION PREDICTED MEASURED PREDICTED MEASURED 
WORTH (pcm) WORTH (pcm) TOTAL WORTH 1 10% TOTAL WORTH 

D 1120 ± 112 1043 1120 ± 112 1043 
C D in 980 ± 98 1022 2100 ± 210 2065 
B C,D in 820 ± 82 764 2920 ± 292 2829 
A B,C,D in 1270 ± 127 1300 4190 ± 419 4129 

SD A,B,C,D in 690 ± 69 723 4880 ± 488 4852 
SC SD,A,BC,D in 1270 ± 127 1138 6150 ± 615 5990 
SB SC,SD,A,B,C,D in 1280 ± 128 1205 7430 ± 743 7195 

ARI-B6 SA,SB,SC,SD,A,B, 757 7820 ± 782 7952 
C,D in B6 out 

% Error on total worth (7952-7820)/7820 x 100% = 1.69%

*Note: All measurements were done at HZP with zero burnup in the core.



TABLE 4.3 

ISOTHERMAL TEMPERATURE COEFFICIENT

I p/aT ap/aT* Difference 
Configuration Measured Predicted M-P 

pcm/°F pcm/OF pcm/°F

D @ 197 

D @ 0, C @ 208 

C, D @ 0 

B,C,D @ 0 
A @ 188.5 

B,CD @ 0 
A @ 8.5

-1.14 

-2.76 

-4.35 

-6.75 

-9.48

-0.38 

-1.63 

-3.76 

-6.68 

-8.74

-0.76 

-1.13 

-0.59 

-0.07 

-0.74

*Prediction corrected for boron concentration difference 
between measured endpoint and predicted endpoint 

Average Deviation = -0.66 pcm/OF

-18-
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5. Power Ascension Tests

Upon the completion of HZP physics tests, power ascension 

tests were initiated. These were as follows: (a) measurement 

of relative assembly power distributions from low power 

t 5%) through full power; (b) pseudo-rod ejection tests 

at low reactor power (- 5%) and at 50% power; (c) static 

rod drop tests; (d) measurement of power coefficient versus 

reactor power; and (e) P/L group operational maneuvering.  

In addition to these tests, the power range nuclear 

instrumentation was calibrated. These are described in 

Section 6.  

As required by the Atomic Energy Commission, a special report 

on the X-Y core xenon stability test, Reference 5, has 

already been submitted by Con Edison to the Commission 

(letter from Mr. Carl L. Newman, Vice President, Con 

Edison, to Mr. Edson G. Case, Acting Director, Directorate 

of Licensing, USAEC dated October 17, 1974).  

5.1 Core Power Distributions 

Measurements of the core power distributions were 

carried out with the moveable in,-core detectors.  

The INCORE code, Reference 4, was employed to analyze 

the in-core flux maps to provide the relative 

assembly power and hot channel factors. The 

analysis required: (i) calculated ratios between 

the power and the fission reaction rate at the 

locations of the moveable in-core detectors, and
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(ii) calculated (X-Y) power distributions for a 

number of RCC bank configurations. The latter were 

employed to obtain the power distribution of the 

partially rodded core by the synthesis method.  

Results from the analyses of 39 in-core flux maps 

taken during the startup tests are presented in 

Table 5.1. *Relative assembly power distributions 

derived from the analyses of in-core flux maps are 

presented in Appendix C. Out of 39 in-core flux 

maps, six maps were taken at low reactor power 

(--5%), 29 maps were taken at 50% duringr static 

rod drop tests and the rest above 75% power.  

The variations of hot channel factor, F qNversus 

reactor power and also as a function of RCC Control 

Bank D position are shown in Figures 5.1 and 5.2, 

respectively. The plot of F qversus in-core axial 

offset, along with the design flyspec curve is 

shown in Figure 5.3. In all cases, measured values 

of F qNwere less than the design limit of 2.62, 

which also constituted the Technical Specification 

limits at the time of tests.  

The percentage difference between measured and 

expcte FN from low reactor power (-5%) measurements 

was less than 10%, which verified the nuclear design, 

as seen from the in-core Flux Maps given in Appendix 

C.
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5.2 Pseudo-Rod Ejection Tests

Pseudo-rod ejection tests at low reactor power 

5%) and 50% power were carried out, with F-2 

rod as the ejected RCCA. In-core flux maps for 

the base case as well as rod-ejection case were 

taken. Measured and predicted radial power distri

butions following RCCA F-2 ejection are presented 

in Figures 5.4 and 5.5 for low reactor power (-5%) 

and 50% power cases, respectively. The percentage 

difference between measured and predicted relative 

assembly peak power distributions was less than 10%, 

the acceptance criterion for the power distribution 

measurements.  

In Table 5.2, results of ejected rod worth and hot 

channel factors from the measurements, along with 

th& design values employed in the ejected rod safety 

analyses Reference 6, are listed. The design values 

of these parameters were higher than the corresponding 

measured values, thus demonstrating the conservatism 

of the safety analyses.  

5.3 Static Rod Drop Tests 

Static rod drop tests were carried out at 50% power 

by stepping a single RCCA into the core. In-core 

flux maps with the moveable in-core detectors were 

taken at the end of each RCCA insertion. Results 

from the analyses of the in-core flux maps for nine 

RCCA drop cases are presented in Table 5.1 and
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Appendix C. The measured hot channel factors for all 

cases were lower than the Technical Specification 

limits at the time of measurements. Because in most 

cases, RCCA drops were performed one after another, 

each rod drop perturbed the core power distribution 

prior to the next RCCA drop. This resulted in some 

radial tilt in the base case as seen from the maps given 

in Appendix C.  

The reactivity worth of individual RCCA during the 

drop test was measured using the reactivity computer 

trace. Results of these measurements are summarized 

in Table 5.3. In transient analyses of RCCA drop 

incidents reported in FSAR Reference 1, the maximum 

worth of dropped RCCA was 230 pcm higher than the 

measured worths of individual RCCAs dropped in the 

static rod drop tests.  

Results from the in-core flux maps (8 through 28) 

given in Table 5.1 provided the percentage variation 

of hot channel factors FAH and Fq , as a function of 

the percent variation of ex-core tilts. These plots 

are shown in Figures 5.6 and 5.7, respectively.  

FAH and F are defined in Table 5.2. The percentage FAH q 

increase in hot channel factor per percent increase 

in ex-core tilt in all rod drop cases are bounded 

by a protection envelope of 2% increase in hot 

channel factor per percent increase in ex-core 

tilt (or a slope of 2:1).
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5.4 Power Coefficient 

The "differential" power coefficient, (Ap/AQ)Q at 

a specific power level Q is defined as the change in 

reactivity, (p), per percent change in reactor power 

Q at that power level.  

The measurement of power coefficient involved: 

(a) Determination of reactivity compensation 

carried out during the increase and 

the decrease of reactor power at the control 

bank movement. This was obtained from the 

output of reactivity computer.  

(b) Determination of reactor power level changes 

from the recording of secondary plant 

calorimetric data - steam pressure, feed

water temperatures, and feedwater flow 

rates. Steam pressure was obtained directly 

from the control panel data. Feedwater 

temperatures were obtained from the PRODAC 

computer output of duel element RTDs posi

tioned at the exit of feedwater heaters, 

and the feedwater flow from Barton meters 

installed across the feedwater line venturis.  

(c) Monitoring of ex-core detector currents 

In addition to the above data, the analysis 

of power coefficient measurements required 

xenon reactivity defect during the measurements.
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This was calculated using the reactor power history 

48 hours prior to the start of the tests, and during 

the power coefficient measurements.  

In Figure 5.8, total ex-core detector current versus 

reactor power is plotted. Least square fit betweeen 

total detector Current I and reactor power Q is as 

follows: 

I = 30.46 Q (5.1) 

Differential and integral power defects were obtained 

from the following equations.  

Differential Power Coefficient 

(A p/AQ) = -l/AQ (AP) + (AP) t5.2) -CR xe 
Integral Power Defect 

_ PF -2 dU (5.3) AQ 
P 

0 

where 

(AP)CR = Reactivity Compensation due to Control Rod 

(AP) xe = Reactivity Defect due to Xenon Change 

AQ = Change in Reactor Power 

A plot of the measured power coefficient versus 

reactor power is shown in Figure 5.9. For comparison, 

the design curve from Reference 3 is also presented.  

An error band of +20% on the measured power coefficient 

is allowed for the uncertainties-in the measurements 

of reactor power and reactivity change. Agreement

-36-



between measured and design curves of differential 

power coefficient is satisfactory.  

5.5 Shutdown Margin 

Shutdown margin is the amount of reactivity by which 

the reactor would be subcritical with all control 

rods in except the highest worth "stuck" rod out.  

The design value of shutdown margin is equal to 1% 

reactivity at BOL, Reference 3. Based upon the 

information provided in Table 5.4, the shutdown 

margin from the rod worth measurements would be 

equal to 5309 pcm. This demonstrates the avail

ability of adequate shutdown margin compared to the 

design value of 1000 pcm at BOL.  

5.6 P/L Group Operational Maneuvering 

At the core burnup of 5,000 MWD/MTU and power level 

of 80%, axial xenon transient test was carried out.  

With no P/L rods inserted, the uncontrolled axial 

xenon oscillation had a period of approximately 31 

hours and a stability index of approximately 

-0.039 hr-1 . With P/L rods at the midplane, the 

oscillation of uncontrolled xenon transient had a 

period of approximately 29 hours and a stability 

index of approximately -0.004 hr- . During these 

tests, it was demonstrated that the core is stable 

with respect to axial xenon transients and that
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these transients can be further suppressed using 

P/L rods or even RCC Control Bank D.  

Figure 5.10 shows the uncontrolled xenon transient 

with the P/L rods at the core midplane and the sup

pression of the oscillations by the maneuvering 

of the P/L bank.  

5.7 Power Redistribution Follow 

In-core flux maps taken during the X-Y xenon transient 

test, Reference 5, verified that ex-core nuclear 

instrumentation adequately monitors changes in core 

power distribution under transient xenon conditions.
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/4 Partial Map -39-At Location Of

Table 5.1 Indian Point Unit 2 Summary of Incore Flux Maps 
_____ Conrol Bank Positjon (Steps Avg- Thncore Hot Channel Factors Incore QuadrantTilt Incore Axial Of fset EcoreAxialOffset N-4 Date Time Map %Power A B C D-L RCCA0AT--WNW NCE SR--F W -NE W S WS 

FL3L.U 5:15 1 'v5 230- 214 84 0 fl c -32. J 4 323 -7 M12JL .1.64 1.66 -D 100 2 0.998 0.991 1.009, -33.0 -33.1 -32!1-30 6/3/73 18:55 2 ,5 230 199 69 0 69 F2 1.57 -17.2 5.46 5.62 5.87 G2AA 4.05 4.09 G2AO 4.'29 0.539 1.084 0.643 1.733 -21.7 -14-63-19-. 8 
@230 _ o o - f ~ o __to -- --

6/4/73 6:21 3 2:55 230 230 230 202 82 - 1.41 -1.2 2.17 2.24 2.43 G1400 1.58 1.59 G14O A 1.54 1.042 0.977 1.028 0.954 -0.9 -1.7 -0.9 -1.2 - -

6/5/73 10:39 4 5  230 230 230 208 228 - 1.53 -4.1 2.22 2.29 2.42 B9 A 1.45 1.47 M4FL 1.46 1.009 0.991 1.008 0.993 -4.2 -4.5 -3.6 -4.0 .- -. 

/6/73 12:55 5 5 -2304230 205 G 2281.5.,2 1.000.992 1.004-4.6 -5.2 -4.1 -. 81 - - 1 .1 - 4,7 2.57 __ZI__ 
-2t8____ ___0 ____ -L-69-- _1._00 3_0.992_1.004, -4.6 -5.2 -4.1 /7/7 1:55 6 -. 5 230 2100 0 228 - 1.52 - 4.5 2.56 2.64 2.80 JD4ED 1.69 1.70 D4ED 1.69 1-005 0.993 0.997 1.005 -4.7 -5.0 -4.1 408/8/3 2:30 '--020123623 16 228 -71475 8/8/73 121:30 _ 1,,,50_J-23-- _23-0 230_ 16_22_-_1_1.47 -13.4 2.9 2.15 2.26 jB7AA 1.43 1.45 M12LJ[1.42 0.990 1.001 0.999 1.010 -13.1 13.6 -13.4 -36 -. 3 -. 80 -Q4 7 0 /9/73 14:05 8 -n-50 j 230 230 230 198 228- -.j 1.371-_0.5 1.96 '2.02 2.16 B7AA 1.43 1.45 B7AA 14 .88101.0 0f111-03-0.3 -0.M12 00 08+~2 16 8 /10/73 4:02 9 150 230 230 230 196 228 D12 1.39 -8.412.31 2.38 2.50 J2AO 1.66 1.68 J2AO i. 1.043 8 .1640.740 1.053 -8.5 -9.0 1 /19/7 12:37 10 48.4 230 230 230 190 228 - 61.40---.6 1.99 2.05 2.16 B7AA 1.42 1DF 1.42 0.988 1.003 1.000 1.009 -6.7-71 -6.5 -6.3 -459 -54 -4316 

/19/7- 19:33 11 -. 50 1230-0 230 189 '228 R 1.41 - 8.4 2.25 2.31 2.43 M12JL -.60 1.61 Ml2JL11.59 11.110 0.875 1.130- 0.885 -8.4 -8.2 -8,7 -. 59 63 -2 74 5 7 
2-7 @ 12 1 - L- 1- ...__.. -_ -.  /20/7 9:22 12 v50 230 230 230 183z 228 - 1.43 -10.0 2.18 2.25 2.35 G2AA '-1.52 1.53 G2AA 1.53 0.9'49 1.043 0.957 1.052 -9.6 -10.3 -9.9,3 -7.00 -7.49 -597 -8.31 173 20 /20/7 17:17 13 u50 230 230 230 188, 228 K8 1.40 6.8 2.Z6 2.32 2.44 B7AA 1.60 1.61 B7AA 1.61 0.903 0.929 1.075 1,093 -6,2 -7,1 -6.8 -71 -4.64 -5.48-3.96 -5.96 164 1 

/20/7 20:21 14 ',,50 
-230 230_2301-1 

_228 

/0/0 230 230 ..230 192 .228 - 1.38 -- 3.2 1.99 2.05 2.17 B7AA 1.45 1.46 D4DF 1.44 0.981 0.981 1.021 1.017 30 -2.9 -39 -2. -2.37 -2,59 -10-3.72 169 178 /21/7 2:23 15 "'50 230 i230 230 121 228 @80 1.39 -5.3 2.09 2.1512.26 MI2LJ J 1.51 1.52 M12LJYI.51 11.029 1.0080.9960.967 -5.6 -5,1 -5,4 .5.0 -4.26 -4.23-3.51 i'4.98 181 197 /21/7 9:13 16 ,50 230 230 230 192 228 - 1.40 - 6.2 2.00 2.06 2.17 M12LJ 1.43 1.45 M12LJ'1.43 1.011 1.016 0.984 0.99.0 -6.2 -- 6.0 -6 3 452 5.15 3.68 5.79 175 194 
715:02 17 50 230 230 23 0 228 1.41 - 8.0 2.28 2.35 2.41 G2AA 1.61 1.62 J2AO 11.62 0.870 1.119 0.885 1-126 7,1 -8,9_ -7.,3 8.7 -4,84 -6.57 -418 >,7.33 192 219 /21/7 19:46 18 %,50 230 230 230 193 228 - 1.39 - 6.1 2.04 2.10 2,20 B7AA 1.46 1.48 D4DF 1.46 10.963 1.010 0.992 1.,035 -5,8 -6.1 -6,1 -6.3 -4.14 -5.03 -3.46 L 6 0.  170 188 /22/7 00:31 19 r50 230 230 230 189 228 @ 0 1.41 - 8.7 2.32 2.39 2.5 0 1.63 1.64 J14001.641.126 0.985 1.078 0.812 -8.7 -8.5 -8.7 -3.  

/22/7 12:20 20 '50 230 230 230 190! 228 - 1.40 - 6.8 2.10 2.16 .27 4B7AA 11.49 1.51 D4DF 50 0.949 0.9980.9981.,055 '-6,5 -6,8 -6.5 -7,5 -4,49 -5,3 -3.76-1 
........ .. ..- _ 0 .9491.998197 

22/7 39:22 21 j50 . 230 30 230 190 228 1 . 0 - . 2 2 2 3 .46 2_161 1 6 2A . 2 1,037 , 40G 0,820 1,003 -,7,6 -7 9 ,-7,4 - , 5 1 6 4 4 1 J 6 6 0 3 E9~ 1.40 - 7.8 2.27 2.42.46 JXAO 1.61 .63 JmAO- 162 

/23/7. 8:53 22 -.50 230 230 .230 186 228 - 14 2 . 2- I 2-29- I497.979G 1.958105( 413 -9,8 93 -10.1 -9. -641 -7.2 -6.281-7.99 160 185 7a .q BAA- i-491 ::97 . -9.58 (11 
/23/7 18:22 23 1-.50 230 230 230 190 228 - 1.40 -6.6 2.00 2.06 2.16 B7AA 1.42 1.43 B7AA 1.43 jO.988 1.003 1.0011:0.08 -6,6 -6,5 -6.4 /23/7-23:00 24 n.50 230 230 230 192 228 N9 .39 5.9 2.29 2.35 2.49 D4F 1.68 1.70 D4DF 148 09 1.09 1,144 -5.4 -6,1 -6,1 -6.1 -2.27 -4.4 -2.13-5.18 173 189 
/24/7 8:43 25 n,50 230 230 230 191 228 - 1.41 - 7.5 2.05 2.11 2.22 P900 1.45 1.46 P900 1.46 i 1.G34 1,032 0.9-68 0.966 -7..2 -7.,3 -7.2 -. 58 60 -. 3-.0 15 2~ /@24/7 15:41 26 ,50 240 230 230 184 228 1.43 -11.6 2.34 2.41 2.52 P900 1.62 1.64 P900 1.63 1.104 133.-819 0,9.431-12,5 -12.1 -10,3 -1.4 -8,69 9.4 -5.61-9.47 187 226 /28/7 9:54 27 ".50 230 230 230 162 69 - 1.35 - 7.7 2.02 2.08 2.16 P7AO 1.46 1.48 D4LJ 1.63 j1.003 1.006 0.995 0.996 -7.5 -7.9 -7,5 -8,0. -6.64 - -267. 176 201 

@35,3 2 1.35 - 5.3 2.08 2.15 2.33 E2AA 1.56 1.57 G2AA 1.59 0.974 1.008 0.971 1.046 -7.8 -5.8 -6.2 -0, 6 -6.13 -_2_-4.85_1,32_164 
_17 /30/74 3:00 29 50.4 230 230 230 198 228 - 1.59 +17.7 2.37 2.44 2.64 P900 1.46 1.47 P900 1.49 1.003 1.0.02 0,994 1,000 -17,7 17,6 ±18,2 ±17.2 +5.70 +8.6 10.23 +8.35 192.7 161.9 /30/74 0:00 30 50.1 230 230 230 185 5 - 1.62 +20.1 2.33 2.40 2.60 P1100 1.45 1.46 P900 1.45 1.007 1,009 0.993 0,991 +20.0 +19,8 +19.6 +20.8 +5.59 +8.5 10.02 +8.45 199.3 L67.8 

......P..............  
3/30/71 4:00 31 49.0 230 230 230 195 40. - 1.68 24.0 2.41 2.48 2.68 I4FL 1.45 1.47 P900 1.43t1 0 24.2-24.6 ±23.6 +23. 6 +7.49 +10.51 +10 Io6.5_1 '--1 300230SI 193 i 0 - -- -- - q -" 
3/30/77:30 32/-4 50.1 230 230 1 230 193 80- 1.41 -10.6 2.37 2.44 2.61 C13KD 1.46 1.47 P7AO 2.05 1.019 .989 ,9.83 1,0.10 -10,3 11,6 -10,8 -9.6 -14.02 -12.14 10.79 -13.31 157.1 200.4 /31/74 1:00 33 48.8 230 230 230 202 120 - 1.65 -23.6 2.43 2.50 ;2-59 J1400 1.49 1.50 J1400 1.47 '1.017 1.005 0.996 0,982 -24.0 23,8 -23.1 -23,4 -16.67 -15.6 ii.56 -16.42 148.4 203.3 /31/74 1:00 34 49.3 230 230 230 187 175 - 1 2.33 2.39 2.46 2.63 P900 1.45 .47 D4FD 1.45 11-008 1.003 0G,992 0,998 +1,9 +26 +2.3 +26 -2.83 -1.3 +0.52 -1.77 72.0 76.8 
4/ /74 1:30 35 49 6 230 230 230 165 228-1.4 +2. 2.4351 2 .36..D4DF . 31 .. .. 2+.  /1 7 -309.6 23010.304165.158 - .1 5 2 . l 2 AA. 6 1 .43 I .44 IDD F 1 .39 .012 1.005 ,988 0,996 + .2 +0 ,4 1 +0 .,, -.l4 7 - . 4 - . 2 - .4 6 .7 .

- xAH 1. H l

Unnormalized Excore Detector Currents (pa) 

41 2 -N-41N-'44 

t. Sum Top Bot. Sum Top Bat. ISum Top Bot. 1sum 

_ _ _ _ _ _ _ _ _ _- I _ 

7 377 200 235 435 192 237 429 204 1245 I 449 
6 369 212 2111423 205 212 417 220 220 440 

2 415 102 111 213 1...J9 7 .228 425 210 2-17 1  A 
3 366 201 218 419 194 219 413 208 1 228 436 

331 232 258 490 174 202 376- 238 268 506 

1 374 181 204 385 193 228 1 421 186 214 400 
3 347 218 236 454 213 240 453 195 214 

34 206 214 420 194 209 403 206 216 1422 
378 206 221 427 191 211 402 225 245 470 

369 196 , 211 407 187 210 397 210 231. 441 _ 

?, 411 172 187 359 215 249 464 177 195 .372 

3 58 195 209 404 194 219 '413 197 214 fAl 

K 360 221 46 !A15 - 179 " 2"2'269 907

34 205- 221 426 212 239 451 202 221 423 2 436 .170 185 355 203 232 435 223 242 465 

5 345 209 I 237 446 190 223 413 201 231 432 

368 203 218 421 194 219 413 209 229 438 

362 240 470 229 254 483 172 180 352 
- 394 199 217 416 190 216 406 225 253 478 

5 413 143 160 303 172 208 380 226 269 495 

380 207 230 437 200 232 j 432 211 241 452 

339 196 216 412 225 231 456 199 225 424 

? 354.6 214.9 175.0 389.9 212.9 180.1 393.0 197.6 176.3 1373.9 

367.1 221.3 181.0 402.3, 219.5 185.3 404.8 205.01183.3 388.3 

9 - 178.4 404.9 224.5 183.5 408.0 209.5 180.3 389.3 

i 357.4 177.3 220.2 397.5 174.3 Z27.-8 402.1 166.2 220.4 386.6 
351.7- 169.4 213.7 383.1 166.2 231.5 397.7 160.2 224.3 384.5 

3348.8 194.3 192.3 386.6 192.0 198 9 390.9 183.4 194.1 377.5 

342.0 I 186.51191.51 378.01 185.2 198.6 383.8 175.51193.0 368.5

f L rQ -rQ A •



Unnormalized Excore Detector Currents (pja)
* ______________ i I. 1 1

Incore Axial Offset I Excore Axial Offset N-74 1

Date Time Mp#c D PL RCF .. FN FT/1 FNS(Z Z LocT T~ T N NP. SW ShWNT S 
Sart Mp fPower A .B C D PL RC A0 q F(___FrgATLAERN4 N1N24TN4N1 iN2 N34~I iJ~ 4 o o 

4/2/74 17:40 36 75.85 230 230 230 190 228 - 1.43 8.7 2.06 2.12 2.23 M4FL 1.45 1.47 M4FL 1.44 1.014 1.006 0.985 0.995 9.0 - .7 - 9.1 -81-96-.. . . 3 8 

/771:30 37 83.30 230 230 230 217 228 - 1.40 - 5.5 2.02 2.0' 2,18 M4FL 1.44 1.45 M4FL 1.46 1.022 0.997 0.989 0.992 - 5.3 - 5.6 - 6.2-5. -75 -60-43 66 27 31 

PT 38 

6/5/7417:35 39 86.53 230 230 230 160 228 - 1.46 -13.6 2.07 2.14 2.24 M4FL 1.44 1.46 M4FL 1.42 1.016 1.003 0.991 0.990 1-13.6 -13.1 - 14.0 -36-22-02-96-13'6 2 

40__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ i_ _ _ _ _ _ _ _ __ _ _ _ _ __ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

/15/74 11:10 41 75.76 230 230 230 200 228 - 1.34- 3.2 1.95 2.01 2.11 M4FL 1.44 1.46 M4FL L.45 1.011 .9 .9 0.994- 3.0- 3.4 - 2.9 -36-59-39-21-435. 7.  

6/3/73 18:55 2 -u5 230 199 69 0 69 @3 1.57 -17.15.8 5.64 5.86 ZAA 3.98 4.02 GZ41 .5610506 1 9170-14~-45-96-28__ 

6/4/74 6:21 3 - %5 230 230 230 202 82 -1.41 - 1.2{2.17 2.24 2.42~ G14001 1.56 1.58 IG140A 1.541~2 0.982 1.036 0.957- 0.9 1.7 -- 1.2__ __ 

*THESE MAPS WRE CA CILATE WITH XENON CONSTA1TS

___________ I I .L.L........~ A A I I ____________

N-4 2 N-!-43 , N-L44

Sum Top o Sum Top Bot Sum Top Bot Sum 

57 269 306 575 265 318 I 583 253 306L5 

590 314 342 656 310 354 664 294 342 636_ 

590 298 361 659 . 294 369 I63 280 358 638 

3559284.3 296.4 580.7 279.9 305.2 1585.1 264.01 296.91 560.9 

... ..... ....  

___34-4________

.1 .1 ________ 1 ________ 1 ________ 1 ________ I ________ i ________ .1 ________ i ________ p ________ .1. ________ 1 ________ 1 ________ 1 ________ J ________ I ________ ________
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TABLE 5.2 SUMMARY TABLE OF ROD-EJECTION CASES (RCCA F2)

= Fq N x S(Z) x 1.03 x 1.05

FAH - F N x l. 01 x 1.04 
*e D AH 

*Fuel Dens.1!

Where: 1.03 = 

1 .05 = 

1.01 = 

1.04 =

F Engineering Uncertainty Factor q 
Fq Experimental Uncertainty Factor 

FAH Engineering Uncertainty Factor 

FAH Experimental Uncertainty Factor

S(Z) = Densification Spike Penalty FactorDiff.(%) - M0P

Power Bank Ejected Rod Reac. F FN 
Level Configuration Worth (pcm) q 

* * DIFF. DIFF.  
% C D P/L MEAS. FSAR DIFF MEAS. FSAR % MEAS. PRED. % 

5.0 69 0 69 397 740 -343 6.34 15.30 -58.6 3. 98 4.09 -2.6 

50 228 163 69 58 270 -212 2.52 5.71 -55.9 1. 56 1.72 -9.4



TABLE 5.3 

Reactivity Worths of RCCAs From 
Static Rod Drop Tests

Measured 
Worth 

Rod (in pcm) 

E9 149 

N9 134 

H4 131 

F6 124 

K8 117 

B10 109 

H14 106 

D12 103 

H8 86
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0.

TABLE 5.4 INDIAN POINT UNIT II SHUTDOWN MARGIN 

ITEM BOL VALUE 
(pcm) 

Available Bank Worth (Most Reactive Rod Stuck, No P/L) 7952 (a) 
Measurement Uncertainty (4%) ±318- (b) 
Bank Worth Less Measurement Uncertainty 7634 

Requirements: 
Power Defect 1245 (c) 
Maneuvering Band and Bite 700 (d) 
Void 80 (d) 
Redistribution 300 (d) 

Total Requirements 2325 

Shutdown Margin (Bank Worth Less Measurement Uncertainty - Total Requirements) 5309 

Technical Specification Requirements /'2 1000

Measured Value 
Conservative Uncertainty of 4% Assumed k 
Design Report Value Verified by Measurements (Reference 3) 
Design Report (Reference 3)
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Figure 5.4 
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15 14

.. . 3.3.O O 
.(o 303LO 1.07 

+30,3 IZ. Z _-5-0 4- --. -
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Figure 5. 6 
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Figur 5.8TOTAL EXCORE DETECTOR CURRENT VS. THERMAL POWER
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6. Reactor Instrumentation Calibration 

The calibration of ex-core power range detectors, overpower 

and overtemperature AT setpoints and in-core thermocouples 

is presented in this section.  

6.1 Ex-core Detector Calibration 

The variation in total ex-core detector current (sum 

of currents for top and bottom detectors) versus 

reactor power for four ex-core detectors is presented 

in Figures 6.1 through 6.4. Extrapolated total 

current at 100% reactor power is also shown in each 

figure. Reactor power in these measurements was 

obtained from the plant calorimetric data.  

The plots of in-core axial offsets versus ex-core 

axial offsets are shown in Figures 6.5 through 6.8.  

In-core axial offsets were obtained from the analysis 

of in-core flux maps with the INCORE Code, Reference 4.  

Ex-core axial-offsets were obtained by using the 

following formula, using top and bottom detector 

currents, TTop and I Bot' respectively, 
To -Bo pciey 

ITno IBt x 100% (6.1) 
'Top + IBot 

In Figures 6.9 and 6.10, variation in top and bottom 

detector currents versus in-core axial offsets are 

given. These data serve as the basis for ex-core 

NIS calibration.
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6.2 AT Setpoint Calibration

The axial offset versus detector currents at 100% 

power for four ex-core detectors are shown in Figures 6.9 

and 6.10. This information provided the current to 

voltage relationship required for f(AQ) circuit. The 

function, f(AQ), is defined to be that function for 

which no reactor power penalty is paid for full-power 

axial offset variations between -12% and +7%. Outside 

these limits, for every 1% of full power axial offset 

greater than +7%, a penalty of 2% power is assigned and 

for every 1% of full-power axial offset greater than 

-12%, a penalty of 4,5% is imposed, Reference 7.  

In Table 6.1, information for overpower and over, 

temperature AT setpoints is presented.  

6.3 AT Versus Reactor Power 

Plots of four reactor coolant loop AT's versus reactor 

power (obtained from plant calorimetric data) are 

presented in Figures 6.11 and 6.12. Extrapolated 

AT's for full power are also shown. Due to the 

flow stratification registered by the RTD of Loop 22 

full power AT across this loop was higher (56.10 F) 

compared to AT's for the other three Loops 2.1, 23 and 

24 (48.5-F, 50.4-F and 48.3 0 F) , respectively. Measured 

average full power AT was equal to 50.8'F.

-54-



6.4 In-core Thermocouple Calibration

In-core thermocouple data provide a continuous on-line 

monitoring of radial assembly power distributions.  

However, this required calibration of in-core thermo

couples by the moveable in-core detector data. The radial 

hot channel factor FAH" for Channel i is given by the 
1 

following expression.  

N Mi AHi FN AH. = E)jFE) 
1HB (6.2) 

where, AHi is enthalpy rise in Channel i, E 1-B 

is the core average enthalpy rise divided by 1-minus 

bypass flow B, and M. is the normalization factor.  1 

The bypass flow correction is required if the loop 

RTD's are used to measure outlet temperatures.  

However, if the thermocouples are used to provide 

the outlet temperatures, then B is set equal to zero.  

The normalization factor, Mi, was provided by using 

Equation 6.2 and F N obtained from the moveable 

in-core detector data.  

As shown in Figure 6.13, the percentage difference 

between relative assembly power distributions from 

the in-core flux maps and thermocouples was consi

derably reduced provided the latter were normalized.  

Without normalization, standard deviation was 8.4%, 

and with normalization, standard deviation was 1.2%.
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The continuous monitoring of thermocouple system 

data by PRODAC (P-250) output provides a reliable 

on-line monitoring of relative radial core power 

distribution.  

6.5 Instrument Response to RCCA Out-of-Bank 

In Figures 14 through 16, response of four ex-core 

detectors and selected thermocouples to the insertion 

of two RCCAs B-10 and H-8 and to the ejection of 

RCCA F-2 are shown. These results demonstrate the 

adequate response of ex-core detectors and the thermo

couples to the movement of the RCCA to the out-of-bank 

position.
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Table 6.1 Indian Point Final(AQ) Setpoints

EXCORE INCORE POWER % I I V-TOP V-BOT AV AT I V/I FLUX 
PENALTY TOTAL SLOPE INDICATOR DETECTOR AXIAL LEVEL FULL TOP BOT (V TS (OL ) VLS 

OFFSET (MWT) POWER (Ia) (pa) (VOLTS) (VOLTS) VOLTS %) (va) (Top) (%) 

Ch-41 0 Z156 i0o- 33L S.S3 ',33 0 0 5Z 0 

Ch-41 - Z-1 59 lop.% 39 v-i ?r,2 1 ,v1( 9 - 0 + ,7-8 o 

Ch-41 + 1 7159 o% .o4 - 31 L '~Z 3 -I-5A Z3.,6 S.,0 o+0(, 0i 

Ch-41 J3 7, -21 s30,' 2-o L 3ZL 1i l 1 1 L t \(3 i>. 0 f 1 

Ch-42 0 Z1.6 003 L -33S 395 (.33 '3.3 0o 0 1,90 ,O 0 
Ch-42 -t? z1.8 10oJ 3 5! 0 - 1 ,' !F. ER -I,_ I 1 0 -i.  

Ch-42 1lq 58 I_0/,. 4 00 3, , .(41, (11 4o. (05 4- 21 
Ch-42 -I " z 8 1.8 00"/ 0 3 J4 e z9?11 -1,5"6 zZ,5 - 1___ 

Ch-42 + 1-1 z-15 1 iDoA qiz 35E 9,1 3 "-.5 S6 1.59 zo, -7 

Ch-43 0 2158 100 31 Li p ca,23 9.33 0 165 0 

Ch-43 -1?- 7-1 - 0 D,51 4 1 rl,'I? . 1) 1 -). 19 0 -IZ
Ch'-43 + 2.18 )Qo% 39S 39eo 8.6 b3 .oo -o. b 0 + r 

Ch-43 -11 z -155 10o% 3Jo lq.S -1,Jq !7 9L, 13 -71, 2Z.$ ,OZo.7Z -1 

Ch-43 + - .-1 B 1 o 'I1 31-7 q. Jj 7.53 1, 4 6 ,0 + ),I 

Ch-44 0 Zi53 I239 000 3(6 31 R. 1 ,3.3 0 1 1Q.55 1 4 0,z3 
Ch-44 -I? 10 0/o% 3 6 j .19 7.18 9 8__ -_____,0__- _ 

Ch-44 +1 2- TS io% 3-13 39. 9( +o,,£q 0 + -7 

Ch-44 -il 2j Do /0 (0 1 4z9 "1. 54 .0 - 91, 20.2 -5_ .ooI_ Ch-44 + -1 z 1 6S 10ol J313 36.q (p Zf co I+, 5 Io .-"



Figure 6.1 Channel N41 Total Current vs % Thermal Power
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Figure 6.2 Channel N42 Total Current vs %Thermal Power
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Figure 6.3 Channel N43 Total Current vs % Thermal Power
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Figure 6.4 Channel N44 Total Current vs % Thermal Power
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Figure 6.5 

Channel N441 Incore Axial Offset vs . Excore Axial Offset
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Figure 6.7 
Axial Offset vs Excore Axial Offset
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Figure 6.8 

Channel N44 Incore Axial Offset vs Excore Axial Offset
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Figure 6.9 Channels N41 and N42 

Top and Bottom Detector Current vs. Incore Axial Offset
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Channels N43 and N44

Top and Bottom Detector Current vs. Incore Axial Offset
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Figure 6.11.  

Reactor Coolant Loop AT vs. Percent Power
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.Figure 6.12 

Reactor Coolant Loop AT vs. Percent Power
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7. Summary of Comparison Be tween Measured and Design Results 

Comparison between measured results and design values of 

physics parameters have been presented throughout this 

report at the appropriate places. Table 7.1 summarizes 

the deviation between measured and design values of a set 

of physics parameters measured during these tests. Results 

presented here verified the nuclear design.  
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TABLE 7.1

Summary of Deviation Between 
Measured and Design Values ot Physics Parameters

Physics 
Parameters 

1. Boron Endpoint 
Concentrations 
(HZP) 

2. Integral Worths 
of Individual 
RCC Banks (HZP) 

3. Minimum Shutdown 
Boron (HZP) 

4. Average Boron 
Worth (HZP) 

5. Isothermal 
Temperature 
Coefficients 

6. *Maximum F 
at (HZP) AH 

(i) All Rods Out 
(ii) Bank D @0 

(iii) Banks D and 
C @0 

7. Power Coefficient

Deviation 
Between 

Measured 
and Design 

values 

Less than +50 ppm 

Less than +10% 

Less than +50 ppm 

Less than +10% 

Measured Values More 
Negative Than Design 
Values

Acceptance 
Criterion 

Deviation Between 
Measured and 
Design Values 

+50 ppm

+10%

+50 ppm

+10%

Moderator Temperature 
Coefficient Negative

Less than +10%

0.0% 
1.20% 

-0.59% 

Less than +20%

If 

+20%

*FH values are best estimate AH
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APPENDIX A CORE LOADING

The first source assembly (C-02) was 

at 19:45 on March 1, 1973, and the core 
assembly C-41 at 6:08 on March 5, 1973.  
loading was 82.4 hours. Count rates frc 
(NE31 and NE32) with the core fully load 
respectively; well in excess of the 2 cp 
tions. Table Al presents a record of th 
loading operation, and Figures Al throug 
ratio (ICRR) plots generated from the d

installed in the reactor vessel 

loading was completed with the 

Total elapsed time for the core 

im the plant source range detectDrs 

led were 16.3 cps and 9.9 cps, 

is required by Technical Specifica

ie data obtained during the core 

h A5 show the inverse count rate

Reactor vessel water boron concentration was nominally 2180 ppm 
throughout the core loading process.  

Fuel was loaded into and removed from the vessel on two previous 
occasions. Modifications to the RCC guide tubes and the fuel density 
and fill gas pressure were made following each unloading.



Assm Core Time Det. A (Temporary) 

ID. Pos. Value Ref. Val.  

- 0-2 .oq -

TABLE A-1 Count Rate Data Obtained During 

initial Core Loading - Indian Point Unit 2

I -ICRR

Count Rates (Counts/s 

Hle C (Tu m. ary) 
Vaue Ref. Val.j Vlue Ref Val .

_____Value I NI' - .i Va [ Ref.'v.j. Value [R,, ., A I-, F (7 . NI-I I KN.-3

- M-2 .04 

OT, - ___Ot -(-2,I.0 - .35" 

I C-OZ E- 1 ,qqs 1338 - K - 37 - -

Z, C-O A-Il A013 533b - BKI - 73,34 7.03 - 6K 

3 IL-08 L-IS O17 9335 - KO - 723.43 - (9 - .7 9 
C.-07 P-1l aoso 1337 - BK 5  72.77 . (.7 I"/,3 

S C-.3 P-I .2L30 5q7q - . 78,0' - ,.i 

(, C-15, G-I 21y- 147r . 8KB - 78.72 79.3 

7 C-214 E-2 2.00 2744 - BVb - 112 . 6.9 

3/A/73 7Q c-07 R-JI 0110 I7qq -7q&- s - 9, - ,.36 

8 A-30 F-2 0o43 303. - BK - f148 . -6 5 

__ A-IS C-. O3O 3110 - K - 5359 - 8.Y - 530.1 

10 90-60 F-3 021b 31321 aK - 132 - q.17 -

Ila C-I G-Z 023 3031 &-3 -1v.74 - Ir.)3 

____ lib C-2 A-3 02.46 3131 6 - 1320 " 7,' ".1 

fit C-o0 G-2 02S"s 3S? - KB -831(2 i..s* s'oq 
li V.-0 E-As 032 ,.5 .34 - 3.42 3.20 - 14.73 
'2 C-(.4 E-5 01a4 252. , 2"2( , 37 21.75 ,77 3,23 3.13 29.9! 24.9S ,co 1,0 1.00 .00 1.00 

13 A-Sq G-.3 045q 1 26.3 .. 8i ___ 3,46 . 3o.31 ' .6 .1425 .92 4 31 .784 
I, C-3,g- H-I OSaq 27S.2 ,, i1#7 " q.3 * vo4 ,. 2o~v ,, ,672 .78? .815' .79(. q98q 
I5 A-q8 14-, OS5o 311.(, , .9. ' ,) " .,9 

2,7iq ,, .777 ,b36 *7qO .b77 (.8.7 
I(#, 62q H-3 0:53 255.5 ,. .3.1. 1, 0.04D , 5 S-.23 7. 1.69 ,, ,770 .,7 . */( .68 1.j( -(v 

174 C-sq JT-1 O0q 1  
15.1 .. I. , s.2 S.7L . 3.'S . .)710 .30b 15 ..3r S .9qq 

17b C-lz 3-2 06.5 3 " azO " '. " 3,0 ,, 30.64 ,1 (. .8 , ,I'l .s'31 9

0

Date 

3/1/73•
I



is A4qs J-3 06. 3s.9 * 1~ 1 *. 1 1

TABLE A-1 (continued) 

Count Rates (Counts/sec.)

Oet. A (Temporary) Det. B (Temporary) Det. C (Temporary) 
Value Ref. Val. Value Ref. Val. Value Ref. Val.

re Time S.

I lt C-0'7 j-2 0637 3S7,7 A2"1.Z 3'..5( 01.2z .q

Plant Channel NE-31 

Value Ref. Val.  

4.27 3.21 

14,3 7.23

Plant Channel NE-32 

Value Ref. Val.  

30.354 2q.8 

3.1107 2q.18

.. .....-~ ... ,. o, ,, 3.0 ', , -io~l. jx,7S ~ , qq g , , 

I9 C-0t K-I 01S0. 31 4. .s"*."1 lo.$ ' , .1I ,i7..4 .773 .4461 .61 
30 49-3 K-Z 071ck 313.7 311..5 7I.9 ,, ,SO 2.9 ,8 . ,80 .b1O ,q3o o.0 1 
2.1 6-S7 K-3 08q0 341,1 is. 

q
. -V ,.9 . , .767 107. ,782 .'11" 1.O.' 

2Z C63 L-1 01V0 3-3 323.. qii.' 17.10 , ".2J .7., .012 .778 .'23 : 188.  
23 C-IJS L-2 012. qq . . ,.7 , 11,81 o $' ., 7$9 o . ,751 *qO'1 ,163 

2y A-IVi L-,3 0930 ~d73672 . i20 IS.-o A9.7 .760 .003 .75-9 .4S5 .001 
2S" 6.s E-q O 40, 36S.2 ,, Oq z .%l ,. '7I , C..o ,7 .42 10 ( 
26 19-$S F

-
44 WO 10,.,7 IT .24 " a , 4ae , J, x I, .'75'0 .001 ,7.$ .q18 .992 

27 8-07 G-4 lots 370.6 .3 " " a.aG . l,.. " ,o.aI ,. , 748 .003 .7S8 ."1311 .91.  
28 -04 H-' I32. .301.41 3q 31 ,, 12,1 -S '.o 29.a1'1 ., .750 .0)1 , .q 2 q 1,001 

21- Cl.-1 , 3 72,' ... s71 4..3 . 30146 . .7141 Ous .76 .101 ,94) 
30 A-1 K-W4 )00 172.8 , 3663 1i,.9 M.70 , -. 0 ,. .7

q
q *o .7601 *qJ33 .998 

31 3-qj3 Lo q 1300 372.0 . yS " Dz.SO , .,, 3o..S2 ., .7'1S .003 , 731 .'33 . e.  
32 A-b E-S ,2.7 3wo41 1i.,- 1.24 &1l8 .. ,14tq oD3 .7)8 .Ia ,11 q93 
33 1-33 F-S 1339 33.0 1 .S3 ,, ., .74,, 30 , '. .'43 .co ,762 ,'3 .71..  

3'1 A-38 r.-S 1420 361.9 ' l4'lB " .,O n 16.91 " 3 ' " .,49 003 761 .30.' ,S 

3S S-S Or 13 372. 13 36q 7 NS *.8) ,, .11 3o75 . .1415 .003 .7,0 ,)5 

3( 'A-6i .-. S Iq1SO 371.4 " 36141 7,3 *' %3.9, "1 , o.08 .71 .003 ,794 .411 .'17 
37 6-30 IK " os ia.7 o, 3'47 ,' 2.3 ,, 1.68 ,, 3o.14 .. .7qq .003 , .q0l .9q4 

3S8 - .-. 9.30 375.3 I. 36q(., , u,.7S , 31.2 . , .N7 X0, .773 .44q8 _ 3 1 8-34 E-16 ICr31 1".2.90E, Z q . . " , o, q , .7q G 00 ,o.,7 .,40 7, 'l .

OI 4-3b, F.( - s so

Date

0447 3141.8 231 2. I 2. /2 .3 -7 00.03 7.71

A 

.771 

.7"71

.711 .169 .3'S .1841

1CRR 

C
B NE-31 

.$Ir 

,Si

NE-32 

.,Ie 
q 

, 8pq

I2i.. " I~ '' [ . zs I. 1 2'" ,, 297 . . 14 1 -003 -12 41

I



TABLE A-1 (continued)

Count Rates (Counts/sec.) ICRR

Aasm Core Det. A (Temporary) Det. B (Temporary) Det. C (Temporary) Plant Channel NE-31?lant Channel NE-32 Date Step ID. PCo. Time Value A B C NE-31 NE-32 I.D. __.[Value Ref. Val. Value Ref. Val. Value Ref. Val. Value Ref. Val. Value Ref. Val.  
I*/j/7a  "LI 1)-13 G-6o 195 0 31

.
.4 277. 1 3(.06 it.22 1l.f*3o ci,14 07.0.r 7.23 2. )8 7 2.L,9 .'# 00-. .1714 ,424J #,O

0
q 

62 19H- *9o b ;O. #(,B " ,o0. IIl ". 17.05 30. 1 ,75(. .003 ,77 .q IS 1..  

q. 1'37 T 6 liat, 3(1.S .. 61.8 Ii... .2. -7.q. .5 .oO ,7SI ,29 1.00.L 

.'i 14-19 K-6 1737 366.7 ,, 3600 ,, 1i7.8"4 ,.oz" ,9 1. .754, . 3. -I2. .J4Ad 1.002.  

'4.S a-.s L-I 1 l 3 ., q.) 1 11,8$ , ,71 30.'32 ,75s ,003 ,-171 ,ql , gaB 

q, A'8 E-7 132 3".7 . 3CIA It 12. i ' 6.f9 . 10,13 '(003 11" 'q 38 *9.9-.  

q476-04 F-7 aI146 34qA to* 3(.02 12.9 ILI(9 .it 1s 0. IS .71 oc03 *)S.S 9q'1 -0 

_ 44 4-41 GQ-7 21S9 s(,7.7 *. 35-15- 12.1s 2~~9 9 q,7(6 I '0034 eeS "42 *.1. .007 

'q9 B-A W-7 2213 3q.i * , H. 7 ,, 16.i9 ,A z35,,8 , . ?S1 ,o3 .17s ,'q31 0'.017 

rO A 13 J-7 2a23. 368.s I, 3597 I. 71 *9 14.qO 9' 31,07 '0 052 ,30"' .77S . qI ,9,1.r 

S-I 5-08 K-7 Z140 1.R~ 35. 0 0ssi.B ' .72 .9 19.60 ' 001 .-169 .,408 1,0010 

3-2 A-13 L-7 .25X 3.,. . 35 9 ,, , ,. *, 3€,I4 . "',- ,001 ,73" '1.4 ,9t.1 

3/ 3 B-,, " a -6 Oqs3 I$4.4 * 3Sg" , 11,27 . 1 (.,11 .. .Z ,'3 , 7)8 .0o
3  

.oi1 ,qq9 1,0.  

Aq A11 F-B 0238 3S...0 * 37 9, ig.6O ** IS,1 , % "I .7,2. 00 , 88 ,q3.t7 1.
0

Iv.  

C-S- S-q G-8 025-0 36.-e - 3C22. , 11.34 * I4.SS *' x 2-W.94 .3 .00 ,eoq .*q37 I.,01 

.. 6 A-1l U-8 0307 3.57.3 a. 3-3 , I166 .9 a7R.i *' 2Q.3 .77 ,03 ,764 o,1. 1.06 

57 8-S6 J5-8 0320 39.4E ,, 14 a, -. zO 9' rq 14.,7 " 11.2I , '00.1 g, ,' ,'t81 

S'S A-27 K-8 0114 3a , .sI " u ,, 16.43 4 8S..'8 ,c .003 .7b2. .lO f,4O 

,T7 -ZI L-9 OSAO 357 .7 as 3so. ,, l..o ,. ,, 1,32 " ,T73 .00 .795' "(28 ,/S*'7 

4O A-31 E-1
1  

OSY
"  

35, . 3511 * 11,. 14.72 ,, 2 .,1 , ,21.2 .003 .784 .. 13. 1.026 

6 8 F-1 Oss. 3s .sq, x 3577 ,9 11.79 ", 16111.08a. ,171 .003 .77S' ,E.O 1,040 

( .L A-33 G- 061. 340,. z , 350o *e ja, 7" ,. ,q a 2',29 ,, ,, .o01 .'78 ,'2 ,.024 

3 8-6*, 14-q Ouz. 3$,4, 1 jqo lt g,*.j .. 14 4. .09,3-T 111. ,003 .7/1 * .'q 3 I.21 
L A -18 A - 0(.3s 3 5 8 * 34 A.l .9 1,.37 . 1 14.8 *9 .7)1 , ,1 0 ,10 0o 1.0 37 

Is eBa3 K -I 064 o7 .l,(. *m 36/4 a. ' .. '4 *. ss * " .(a
4

003 .'17 .'/ml6 ,qq

0
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TABLE A-I (continued)

Count Rates (Counts/sec.) ICRR

Assm Core Det. A (Temporary) Det. B (Temporary) Det. C (Temporary) Plant Channel NE-3 ]lant Channel NE-3 
I.D. Pos.T Value Ref. Val. Value Ref. Val. Value Ref. Val. Value Ref. Val. Value Ref. Val. A B C NE-31 NE-32 

3/373 , A-S L-9 070. 3GO.6 , 7,3677.2 3s1 .2 l.7(2 q,1,1 6 1 0,q2 7,2 .q,,446 2.8 .' 7 .0o0 ,777 .28 . 0iB 

. " -ni E-1O 0-60 39.7 "__ ____ 11.84 Ik,81 , . , 771 ,, 14-842. ,qlo I oO 

G08 1 l, A 6 -1 -T 1= s460.1 , 3sjq4 11,'is ,' 1 #7,011 ,, ?..1 ,9 { f, qq, .z-s ,9-13 

0 18-'0 G,-tO 0 30 362.4 ., '. " .1. 7;x it. &3) 7 9 2. ,,"&. ,.") - .1'441 1.002 

70 AIJ H-to 0-113 I.3 ,, 3.196 va, ,s *'1.04 ,, ,e ,. ,, .'?3 91.l 7.034 

71 8- 1-10 IOO 3bl.7 " 38401f 55.3, *. ''*, ai, *O .a7l, ,-'0 ,,Ia I.a0 " 

1 A140O K-1o 102 ,0 , 3-18 11 1i.6q q ,7 30H3 ,7b4 ,, ,.44 10 M5 " 

73 6-20 L--O to 3 bl.Z " .. 1" i1.38 ' .6I ,, al. 2 *.7&'7 . , . 0 .142 1.0o0 

?q A 6q E-' I0'O0 3...7 3 I* (v 187.$ 1 4.7A , q. 72 ,. .770 .4..1 i'001 

7S. 8-A
"  

F-Il 9~'t3 36, 5, 3" .09 ' .5.0 1.. ,X ss 9. , g- .41 ' 1.061 

7 A ,4-&f 303 3r.7 " q9i ' 1.8 ' a IAs tI .773 ,o )b'i .7 i.4l7 

1 1 1-s H-1 1318 37. 31480 81 .8 , .69 .71,6 q.f-f 1-027 

7 4-03 T-11 0330 356, 1. 1 1 17 I. " 2 .qO " .778 ,, , 7o7 .,. 1 1,'7 

7 -3-Isq3 5. . ~ . 1.9s 33j~ 1 8 f. .3 .008 

80 IA-13 L-11 i,-5. 1, 3.4 ,, 1q5" ,' 9I#.9 I1,33 ,, 30.10 ,' .784 ., , o 913 , 

8 1 -7 £-e2 IW0 3S5.& 3'Ipl ,' St. 36 ' m.08 , 6,96 ,762. ., .LO 4 'o 1.01 

82. 4 -1 F-9 IBS "3q.9 "# 3f 1) 1 91.18 I.,9 .. - l ,q4 " ,71* ,q7 .s5" 1. 0 1 

83 8131 G-91 s ,'f 3q8. 3q2s. I1.S7 # S,7O 79(,8 10' .,141 1.O-19 

SO'4 A-1b N-12 I "S .3 19.4 317-i I' 11.3.s, " 5.3 s I8.0t .793 ,, ,BO- 0 . o 1,068 

8S' fUi-" J-12 1710 3 1.8 ,, 314 #1 . 1.O ,, S.,03 B2O, ,801 ". .4, 1 ],0,M 

St A.O K-j i-P22 3119.3 5, 3q8 is I.O , 5.38 ,, ,.' Y73 ',21 to 1., 0 

17 8-LY L-2 i73q 3q 7.3 ,. "q21 ,, 11.13 5,.33 29.Z8 , .798 a21 .. 0 o2 

61 A-56 p-13 17Ta .349.3 ,, i0,9S , 9,,1 , 27.". ,, ,"'93 ,, .3%r . .. l l.U1/ 

'S€ a-.rq P- 1800 354091 3, q, t 11 .71 .,.53 .. 18.16 .. ?85 0 .7$f ,.&. .ObI 

o90 A-32 G-13 I8u i ,f 3q7.i6 1o,18 Isq, ' 2' 17 L4.6 "7 .o

, - -- - - i Ill I



Date 

3b1 /7.3

Step Assm 

I. D.  

92 A -34 

13 a-6q 

7,Y 4-.21 

96C L-12 

97iA-07 

97. C-12.  

97. C-08 

98 A-I0 

100 c-sa 

101 L.-17 F 

10.z C-si 6 

103 C-29Y 14 

)o'I Cco j 

10-v C-3z 14 

'Of C-6 L

#07 j2-26 

108 A 4. 0

ICRR

k-i 

L- I 

U-1 

L-4 

-IS 
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TABLIE A-1 (coninued) 

Count Rates (Counts/sec.) 
re Time Det. A (Temporary) Det. B (Temporary) Det. C (Tmporary) Plant Channel NE-3 I lant Ch.nnel NE-3 a. Value Ref. Val. Value Reef. Val. Value f. Va.Vle Rf.Vl au Ref. Val. A 
13 iSqli . a. a71').2. )q 3- nI.22 10.23 1.' -..6 7.23 . 6s1v 29.98 7j 
/3 )AS~ -a ..4 1. 31406 

L'3 Is0# S.146 7q6 

13 .2008 jqs.fl .. j'08 , ,.I * is .
2 6l * .  

3 AOz3 3.7. 3408 .. "3 
.797 e~ 

l Ao~so 3!9. 116 
0. . 28.33 .. 798 

X10 al .48.3 *. 1'/046#.5 
27- 7 -#9( 

q 133 p 75.1 S . 30 ). . ,.. , 3.4*, *.q .777 

q 1144 31.9 310 . 218.9 16.3 712,19 
33 0 ~ &3S * 3398 14-. 1 s'o5.111 .71 

2011 313 7941 3441 f. 10S. 0 156A0 73 2,77 *.13 

208 5.* 31 91. IS3 *' 8.o' 

231'4 39.1JS 3398 E?9.L & IS,148 q.790-

C 

.U72 

.713 

730 

.73,0 

.7 3q.  

Z56

NE-31 

q71 

.46S,* 

/r3

NE-32 

IOs .  

1. o& I 

/,o(.3 

,038 

1,0.58 

#.,0 .  

1.081 

1.08 1 

0.0sl

.005 x?9 G '14S4 .-rob

.00 *I_- T 1 '47 I 10

.003 -I .Ibq 
*~,g

.00I IL)3kj .

('03 
f .11.1 

- L 
I .-.------.----.- J

0

B 

.003 

.003 

001 

.003.  

- 003 

003 

001 

,OV3 

003 

003 

.003

. ~ ~ ~ ~ ~ C CI 7 ,q,7 ,6

.,Iq, vo3 I ALI I q,43

'003
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TABIE A-i (continued) 

Count Rates (Counts/sec.)

Date Step Assm Core Time Bet. A_(Temporary) Det. H (Temporary) Det. C (Temporary) Plant Chnnnl NE-31lagt Chainn.. NE-12 
____Po_.Tim A Is C NEi--3I NE-32 Value Ref. Val. Value Ref. Val. Value Ref. Va Value Ref. Val. Value lRef. Val.  

l/v/,3  10 8"01 0-7 OSS 391 4 .7,4 5q II.A'3 cI4.4 169.0 01,14 7.31 9.30 3.13 ,*743 .OOl .170 S,6 ,J'S(o 

10 0-01 C-9 0211 352.0 " 3 7S ' 9Ub.3 ' 0IJ.23 I.l4. ,91 ,o03 .170 .-ISb 3 3.  
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TAIBIL A-1 (c:ont Inued) 

Count Rates (Counts/sec.)

Date Step Assm Core Time Det. A (Temporary) Det. B (Temporary) Det. C (Temporary) lant Channel NE-31 lant Channel NE-32 
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TABLE A-i (continued)

Count Rates (Counts/sec.)

Date Step Assm Core Time Det. A (Temporary) Det. B (Temporary) Det. C (Temporary) Plant Channel NE-31plant Channel NE-32 1.D. POS. Value Ref. Val. Value Ref. Val. Value Ref. Val. Value Ref. Val. Value Ref. V l.  
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TABLE A-i (continued) 

Count Rates (Counts/sec 
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APPENDIX B.- MILESTONES 

The following is a list of significant events and the dates on 
which they first occurred.

Core Loading (final) 

Initial Criticality 

Initial Power Generation 

50% Power 

75% Power 

100% Power

March 5, 1973 

May 22, 1973 

June 26, 1973 

August 16, 1973 

April 9, 1974 

April 17, 1974



APPENDIX C 

Power Distributions 

Figures C-i through C-35 compare predicted.-and measured power 
distributions, with percent differences shown in instrumented 
assemblies. These figures do not include those power distri
butions previously shown in Chapter 5 for the ejected rod 
distributions.* In general, for those figures in which all 
RCC units are in banks, the agreement between prediction and 
measurement is excellent with the best agreement occurring 
in those measurements with the least number of axial regions.  
Other information pertaining to these maps is included in the 
flux map summary table, Table 5.1.
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EASURED AND EXPECTED FOHN IPP FLUX MAP 15
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ASURED AND EXPECTED FDHN IPP FLUX MAP 16 50 PCT BASE H14 D AT 191 8/21/73 

R .609. .721. .890. .831. .879. .702. .599.  
.614. .728. .907. .854. .907. .728. .614.  

* - * 0oS 0•0 * S 0 - 0 5 0 0 S S 0 * S*0 *0. • • • . S ' • 000 0 

..511. .87?. 1.020. 1.021. 1.133. 1.095. l.122* 19013o 1.013. .880. .514.  
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* .511o 1.044. .917. 1.082. 1.163. 1.169. 1.132. 1.187. 1.175. 1.096. .920. 1.048. .514o 
* .520. 1.061. .932. 1.099. 1.171. 1.176. 1.126. 1.176. 1.171. 1.099. 9932. 1.061. •52&.  

.886. .939. i.286. 1.042. 1.164. 1.15. 1.196. 1.125 1.14. 1.0;1. 1.250. .921. .881.  
•.891. 932. 1.266. 1.017. 1.137. 1.103. 1.147. 1.103. 1.137. 1.017. 1.266. .932. .891s 

.596. 1.038. 1.151. 1.065. 1.137. 1.082. 1.142. 1.119. 1.145. 1.019. 1.1l. 1.23. 1.14. 1.3 .616.  

.614. 1.028. 1.399. 1.G17. 1.101. 1.057. 1.091. 1.052. 1.091* 19G57. 1.101. 1.017. 1.099. 1.028. .614.  

.699o 1.013. 1.199. 181. 1.095. 1.086. .9;7. 1.112. 1.J20. 1.136. 1.133. 1.144. 1.175. 1.025. .7 7 
* .727° 1.032. 1.171. 1.137. 1.057. 1.056. .945. 1.036. .945. 1.356. 1.057. 1.137. 1.171. 1*032. o727.  

0.874. 1.090o 1.162. 1.149. 1.131. .976. 1.060. 1.043. 1.117. 1.029. 1.162. 1.148. 1.193. 1.124 0.866 
.907. 1.145. 1.176. 1.103. 1.091. .945. 1.016. .982. 1.016. .945. 1.091. 1.103. 1.176. 1.145. .907.  

.832. 1.074. 1.084. 1.152. 1.082. 1.373. 1.025. 1.072. 1.68. 1.125. 1.117. 1.193. 1.148. 1.107. .829.  

.854. 1.115. 1.126. 1.147. 1.052. 1.036. .982. 1.002. .982. 1.036. 1.052. 1.147. 1.126. 1.115. .854.  

•.892. 1.130. 1.156. 1.081. 1.096. .983. 1.0;3. 1.94. 1.059. .992. 1.159. 1.114. 1.170. 1.107. .864.  
.•907. 1.145. 1.176. 1.103. 1.091. .945. 1.016. .982. 1.016e .945. 1.091. 1.103. 1.176. 1.145o .907o 
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