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1.0

INTROLUCTION

1.1

PLANT DESCRIPTION

The: iﬁ&ian Point Unit 3 Nuclear Plant is a four loop closed cycle

pressurized light water moderated and cooled nuclear reactor operated
by the Power Authority of the State of New York. The reactor core is
designed to produce 3025 megawatts thermal power resulting in'a gross

electrical generating capacity of 1000 megawatts of electrical energy.

The Nuclear Steam Supply System was designed by Westinghouse Electric

Corporation.

Plant construction and design were performed by United Engineers.

.

The plant is located on the east side of the Hudson River, 30 miles

north of New York City.

TEST CBJECTIVLS

This report documents the results of nuclear tests performed as part

of the cycle 2 startup testing program:

The objectives of the nuclear tests were: (1) to verify that the operating
characteristics of the core are consistent with design predictions, (2)

to demonstrate that measurcd core parameters are consistent with valucs

used in the Safety Analyses, (3) to demonstrate that the core can be operated
at licensed thermal power safely and within the linats of the Technical
Specifications, and (4) to providoe datn for nuclear and toempoerature

iustrumentat ton calibration.,
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RELEVANT DESIGN INFORMATION

Table 1.1 prescnts sclected design information of the Indian Point
Nuclea: Plégt. Figure 1.1 shows the core layout with control rods,
sources, and enrichment Jn~ations. Figure 1.2 shows the core layout

with individual control and shutdown bank locations.

SEQUENCE OF STARTUP EVENTS

Following core loading, June 30 = July 14, 1978, a series of pre-
operational tests was performed both in the cold shutdown and hot
shutdown conditions, Criticality was achieved on August 17, 1978
followed by a program of low power nuclear tests. The unit
synchronized to the grid on August 25, 1978. Power escalation to
maximum licensed power (100%) was accomplished by stopping at approx=-
imately 10t power level increments, for purposes of data collection

and testing. Maximum power (100%) was achieved on September 10, 1978.

SUMMARY OF MEASURED AND PREDICTED CORE PARAMETERS

Presented in Table 1.2 is a summary of selected results of zero power
nuclear tests and at-power distribution mcasurements. The results
reported in this document, indicate that all acceptance criteria

specified in the cycle 2 reload submittal were met.
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TABLE 1.1

Core Design Information Parameters

Number of Fucl Asscmblics
Region 1
Rugion 2 and 3
Region 4
Lattice Configuration
Number of fuel rods per assembly
Fuel loading, MTU
Number of Assemblies Containing RCC
Full Length
Number of Absorber Rods per RCC Assembly
Number of Contrcl Rod Assembly Guide
Thimble per Assembly
Number of Instrumentation Thimbles
per Assembly
Number of Grids in Active Core Height
Heat Output, MWth
Percent Heat Generated in Fuel
Hot Zero Power Coolant Temperature,”F
Operating Pressure, psia
Hot Channel Factors
Heat Flux F.T N
Buclear Enthalpy Rise, F4&H

Average Clad Surface Heat Flux, BTu/hr-ft2

Average Lincar Power Density, kw/ft Fuel
Specific Power, kw/kg Uranium
Power Density, kw/liter of Core
Enrichments, w/o Uranium 235
Region
Region
Region
Region

SWw e

193
1
G4
64
15X%15
204
88.06

53
20

20

: 3

-
3025

97.4
'547.0
2250

2.17
RS
193,000
6.24
33.2
91.8

2.28
2.80
3.29
3.10
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Figure 1.1

rPOS 1127 Ir3o Irac "4 § 103 | 1159 R
238 1236 (195 jru7 241 | 246 | 209
P12 1139 fpal 1856 |v3s luis | p37 [ 37 | r2o | p2o POl
220 1223 |228 [r6da | 12 {91 | 194 | woe | 203 | 243 | 253 P
Ar T, - , ’ §1) % 3 . 2
P45 1 ¥24 | CCl | 204 B33 1250 cigeile Blz | 15 § B1G | ¢03 [p14 n53 N
235 1182 1191 { koo 1142 Ir77 |'2F | p7s | 152 | nes | 182 | r108] 249
Pl C3] B3G 1C35 C34 Lo4 C26 L28 C4ao C56 | 124 COol Pa3
-7 4 Gy - - - s .
<211 13 fr97 | 20 1145 |186 [r73 | 254 | 164 | 18| koo |170 |37 | "
L e S ot . e Ny 2 e - oo - -
A P42 ) B51 | C59 | B3S jC19 je53 | B0 Co6 ) €47 | B62 | ¢51 | Baz | k38 |pso
i 5 iyl Ml . < 1 3 = o . o4 i o i—-——L
212 2251 27194 1771 10 f15s J14c 1255 | we7t 160 9 17¢ | 106 | 229 |226
17
. G} 2 f ’ 4 w - * ”
P13 o241 veld Clon Ci0 13 Cev U S | C27 C3%n =3 Ll LOS 5%
217 | rag C} 109|165 [ rol |156 |R74 | 147] ra4 ) 152) 171 | 134 | o6 |215 bk
o
PLL § P28 ) B30 | 829 ) Cha o2 oz |81l | claf coo| C54| Bau | nia [ P4 1833
3 o o) - - - > b " - - - - " p= 5 e
222 | 2000P111 | 172 | 737 | 154 | 16 |192 | 179| 139} 120 174 {2210 | 19¢ | ias J
359 5 ashhte . v - P " r s " iy £ -
oo P52 BESH ne CZ4 5l LGl 517 'r.::"; &107 C3 sk CL3 o Gl P54
9 2 Y OV 4 S rur T b y - - - - & S - S —
211 JF100 “)5lu109 | 153 | 295 | 135 |r9a | 192 rag| 11) &7 [EPS | pon {219 H
4
PG3 POLy BGO ECo | C5¢ CiC | C42 L c2l Clz CLU 3343 1 1243 Poe ol
216 | 23421050 173) 1221 12¢ ] 15 14 | 144| ros| 149 ro3 | 202 | 251 b——G
P19 | eB2s).po1] ca3| cs7| c28 | 12 c40 | czy} ce3) ci4] 221 | B9 | PlO
. 5P 7 5 # - » -y » P .y, M - -~ - » [ —
20 pac) 132f 127] 1¢2{ p72 | 143 148 | peol 140] 122} 137 wez | 223 F
120 | P32 pB21f Ccan| b2e ) €40 | CCh | a2 | cas | of B3] ClL| a2f Pl 1 0S
- 3 - - 5 & Wi ! — ; = » p———ee
201 24 R62 75 7 P81 § 132 | 157 161 i h By 4 RY3} 247 | 204 £
ra7l clo} k27l cas eluss ez e3s | cogl 17l vsol cor| i
S T=TES
245] 190) 101 1] 1eaf 123 | o | 184 | 21c: 17) 204l 189 244 0
5¢ P3ia C391 14 102 BG4 157 106G Bl Dad e b2y
199f k72 182|e113 151 (2112 Roesd p1oZ) 159 meal 1cul nool 230 fr——————C
POY] PO 17 ot PAG ) ES2 |} P L Ll vroal po2
227} 221 213] w76 240 ne 252 | k103 193} 2421 z55
P23} pGl] Pba | iu ) 1022 Pl
239} 224 z2o05) 2321 19 261 21

Enrichments:

oaras
AT

28

2
2.80
. |

29

3.10

w/0
w/0
w/o
w/o

Inserts:

XXX iy
JXNX -

SPEXX -

12p%y -

AN

Plugging Device

Control

lRod

Secondary Source
Burnable

Paision



2.0 MEASUREMERT TECHNIQUES
2.1 GENERAL

The methods for nuclear test data acquisition can be grouped into four distinct

areas: (1) reactivity measurements, (2) measurcments of corc power distribution

(3) collection of instrumentation calibration data, and (4) thermal pow r measurements.

The purpose of this section is to describe the methods used in each of these

areas.
2.2 REACTIVITY MEASUREMENTS

Measurements of core reactivity were performed both in subcritical and critical
core conditions. In the subcritical mode, measurements were made during initial
cere loading and the approach to criticality. In the critical mode, measurements

were made to determine core kinetics parameters.
- Subcritical Mcasurements

During core loading, the core reactivity was monitored using the response of the
two plant source range channels,. Monitoring was accomplished by obscrving the
normalized inverse count rate ratio (ICRR) for each channel as the core was

loaded.

buring the approach to criticality, ICRR plots using data from the two plant
source range channels were uscid to predict cxpoected criticality. ICRR data were
plotted as a function of rod ponition during rod wilhdrawal, and as a funclion

of measnycd bovon comcentration darvang «ilution.
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Be sk Critical Muasurcements

Small core reactivity changes were determined with the aid of an analog (reactivity)
computer which provided an on-line solution to the point kinctics equations.
Reactivity records werce maintained on a continuous basis during a test via a

strip chart recorder which logged the output from the recactivity computer.

The input signal to the reactivity computer was provided by the Nuclear: Instrumentation
System (NIS) power range channels. During zero power measurements, one NIS

power range channel was taken out of plant service and used as input to the

reactivity computer. Signals from the top and bottom section wéte summed, and

the common signal was converted to voltage by a picoammeter for input to the

reactivity computer. At power, the voltage output cf the isclation amplifiers

of all four NIS power range channels were summed and fed directly to the reactivity

computer.

Differential and integral worth of individual rod control cluster asscmblies
(RCCA's) or rod control clusters (RCC) were obtained from the reactivity computer
response to stepwise movement of the control element. During the mecasurement,

the reactor was maintained, on the average, in the critical state.

Isothermal temperaturce cocfficient data were obtained by measuring the reactavity
computer response to small temperature changes, a few degrees below no load

temperature.

Just critical boron concentration data were obtained from plant chemistry boron
analyses of reactor coolant system samples (RCS) under equilibrium conditions.
For boron concentration endpoints, corrections to thoe measurtd concentration
utilized reactivity computer measurcments of the reactiivity difference betwoen

Tactual and Jdesign core configqurations.



Power cocfficient data were obtained by measuring the change in core reactivity

resultant from a change in core power level. Under conditions of constant RCS

boron concentration, the core power level was decreascd and increasced incrementally
approximately 10% by controlling RCC bank motion. Changes in core rcactivity
resultant from RCC bank motion were measured using the reactivity computer.

Changes in core power level were determincd from secondary side calorimetric

measurements made prior to and following the power level decreases and increases.

This method of measuring the power coefficient yielded poor results due to a
very small signal to noise ratio on the signal coming from the power range
instrumentation. The measurement method was revised to eliminate the use of the
reactivity computer by using the change in Tavg as an indirect measurement of

the power coefficient, Appendix A provides details of this measurement.

2.3 POWER DISTRIBUTIONS

The Moveable Detector (M/D) Flux Mappping System was used to collect power
distribution data. The power distribution measurements were performced throughout
the startup program with standard control bank positions to verify correct fucl
loading patterns and design calculations to cross-calibrate the incore and
thermocouple system; and to provide calibration data for the corrclation of
cxcore detector response. Data from the M/D system was input to the INCORE
computer code to generate detailed three dimensional core power profiles. The
INCORE code combines measured flux distributions with design calculated power

flux distributions, to ycld specific fuel rod powers, local burnup, core power

tilts, core average axial offsct, ctc.




2.4 INCYRUMERTNTION CALILRATION DATA COLLECTION

At cach stable power level (statepeoint) during the power escalation program
(approximatcly each 10%) measurements were made of RCE loop temperatures (Tavg
and 5 T), Steam Generator pressure and NIS power range detector currents. NIS
currents were read from the power range current meters. Temperature and pressure
da*" were obtained from the meters on the control board and from the P-250

process computer.

Correlations between incore axial power distribution and excore power range
detector response were made through simultaneous measurement of core power

level, excore detector currents, and core power distributions (flux Maps).

Calibration data for the incore thermocouple system were obtained during isothermal

measurements prior to criticality and during simultaneous flux and thermocouple

(T/C) maps taken at power levels of 100%.

2.5 THERMAL POWER MEASUREMENTS

Core thermal power was determined by performing a heat balance across each of

the steam generators. This measurement required the accurate determination of
steam generator pressure, feedwater inlet temperature, and feedwater flow. For
each steam gcenerator stcam pressure was taken as the averaqge of the three channel
P=250 readings; feedwater temperaturc was taken from the resistance temperature
dotector (RTD), located in the fecdwater header utilizing the PRODAC system; and
fecdwater fleow was determined from Barton pressure gauges installed on a ventur)

tap of cach lccdwater loop.



3.0 TLST RESULTS « "EACTIVITY MEALUREMENTS

3.1 CORE LORDING

core luading was accomplished by adding fuc) assemblies to tho veusel following
the prescribed seguence shown in Appendix B, ICRR data obtaincd from the RIS
source range channcls are presented in Pigures 3.1 and 3.2. There were 1o

unexpected changes in core reactivity during the loading orf the fuel assemblies.

3.2 INITIAL CRITICALITY

The approach to criticality began on Augist 17, 1978 at 23:15 hrs. with the
incremental withdrawal of shutdown and control banks. Primary System boron
concentration during rod withdrawal was approximately 1760 ppm. Inverse count

rate ratio data from the two source range channels during rod withdrawal are

shown in Figure 3.3, Criticality was achieved with the addition of reactor

makeup water at a rate of 60 gpm. Inverse count ratios during boron dilution
are shown in Figure 3.4. Throughout: the critical approach, count rates from the
two scurce range channels were both adequate and consistent for good monitoring
of corc reactivity. Count rates at the beginning of rod withdrawal were 82.6

and 55.9 cps for N-31 and N-32 respectively.

3.3 LOW POWER PHYSICS TESTS

Preliminary Measurcements

Immediately following criticality, the upper limit of flux level for zero power

testing was established as about one decade below which detectable nucloar heat

wat added to the coolant. An inereasing Tavqg was observed at a flux lowvel







and thercfore rod withdrawal limits had to be imposcd to insure a negative

MIC as reyuired by technical specifications. this calculation is presented

in Appendix C.
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b o 57 | RCC Bank Worths

pank worth measurements were performed over the four individual control
banks (i.e.: non-overlap mode). Measured and predacted integral
worths of these four banks are summarized in Table 1.2. Also the

differential and integral worth of each bank is shown as a function of

bank position in Figures 3.3, 3.6, 3.7 and 3.8,

3.4 AT POWER TESTS

3.4.1 Power Coefficient Measurement

See Appendix A

3=3
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3.5 Movable boetector Flux Maps
One movable detector {lux map was taken at low power (v4%) in the all-
rods-out configuration. The results of this map ‘are shown in l'igure
3.9 and 3.10 with the measured I'AH comparced to predicted Fall for cach
assembly. 1In general Figures 3.9 and 3.10 shows that the measurcments
are consistently larger than the predictions around the core periphery while
the oppusite is true in the core interiur. However all values arc within
the acceptance criteria of % 15%. |
Additional fluw map results are summarized in Tiple 3.2.

TABLE 3.2
FLUX MAP SUMMARY
HOT ZERO POWER - ALL RODS OUT
Tilts . 996 | . 986

l.0lg| 1.000

Core Avg, xial Offset: +4C.46%
N

Peak FL : 1.642 at location J-14 DJ
H N

Most limiting F o + 2.0614 at location G=11 L1, axial point 8
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A second full core flux map wes taken at full power (199%) 1n the all-rods-out

configuration. “he results of this mop are shown in igures 5.11 and 3.12.

values are within the acceptance criteria of 215%.

Mditional flux map results are summarized in Table 3.3.

TABLE 3.3
FLUX MAP SUMMARY
HOT FULL POWER = ALL RODS OUT

Tilts 1.0085 ' 1.0003 N. 9997

1.0023 | .9890 1.0073 . .9959

~  ,9972

Core Avg. Axial Offset: + 4.932 %
N
Peak I : 1,503 at location N-13 JL
Ll R
Most limiting F : 1.826 at location E-07 LK,
@ axial point 10
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4.1

4.0 THSTRUMUNT CALILRATIONS

Incorce = bLxcore Detector Calibration

One full-core map and B guarter core maps were taken at 90% power to . wn
calibration data for the excore instrumentation. These maps covered a
range in axial offset from -4.7% to 11.9% generated by insertion of control
bank D and the resultant axial xenon oscillation produced upon withdrawl.
INCORE analyses provided a measured value of the core average axial offsct

which was used ac the basis for excore calibration. The results of the

calibration are listed in Table 4.l.

Incore Thermocouple and Wide Range RTD calibration

The primary purpose of this test was to determine isothermal correction

factors as a function of temperature for individual thermocuples.

During the heatup of the reactor subseguent to the refueling, reactor
temperature was held constant at platcaus of approxzimately 29C*F, 44¢% F and
544”1, where individual thcermocouples readings were compared to the average
of the narrow range RTD reading. Table 4.2 lists the results of these
measurcments including the isothermal correction factors for cach operable

thermocouple.

New calibration curves based on these correction factors wherc entered into

the plant P=250 computcr.
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TALLL 4.7
Incore Thermocvouple lsothermal correction l'octors
vavyg (from narrow range RTD) = 205,.72°F !
Correction factor = Tavg - T.C

Cor rection factors for each thermocouple in ascending order (all values in<F):

——

B L T | R R R R ERRRRRTIrE=

-0.58 =-1.03 -0.83 -0.18 ~0.93 -1.28
- ~0.73 » 0.02 - -0.83
=0.23 -1.03 -0.6& ~0.23 -0.388 =-0.78
-0.08 -0.43 =0.73 -0.38 -0.23 -0.83
~0.03 «0,93 -0.88 -0.93 -0.78 «1.13
-0.68 =0.63 -1.08 -0.08 ~.1.43 >
-0.63 =1.08 -0.98 -0.88 -0.68 ~-1.48
0.12 =0.93 -0.93 =-0.73 ~-0€8 -
~0. 28 ~0.33 -0.98 -0.43 -0.43 -1.18
=-0.18 -0.73 =1.03 ~0.28 -0.83 -0.68
=0,48 -0.98 =0.63 -0.52 -0.83
Tavg = 449,76 T
Correction Factors:
3.16 2.61 2.9} 3.61 2.76 1.96 3.2
- 4.11 - 2.86 3.87 2.36 3.81 3.36
2.41 3.11 4.11 2.86 3.:11 3.01 3.7 .61
3.86 2.76 2.56 7Y 3.17 2.36 3.41 2.96
2.41 4.16 1.96 - 2.96 2.56 2.86 343
- 2.01 4.46 2.76 2.61 3.26 3,01 -
3.60 281 2.41 3.66 3.41 2.21 4.16 £.51

2:91
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MEASUREMENT 1HLSULTS

KCE temperature (Avg Tavg) and core average 47 wcfu hooked up to a two-pen
stripchart fecorder and scaled to 1°F/inch. After observing the average a T
signal for about an hour, it was clear that the signal was toc noisy to allow
an accurate AT reading. It was decided to look at an individual loop 4T rather
than the core average AT. The 4T signals from loors 1 and 2 were found to

be stable whereas the signals from loops 3 and 4 were considerably noisy. The
measurement was therefore performed with loop 1 4T input to the stripchart

recorder and then repeated using loop 2 AT.

The conditions of the plant at the time of the measurement were as follows:

Pover = 92%

Beren Conc. = 953 pom 2
Tavyg = 565, 35°F

D position = 220 steps

Temperature results from both measurements are summarized in Table 1.
TABLE 1

Summary of Temperaturc Data f{rom
Power Coofficient leasurement

Indian Point Unit 3 - Cycle 2

i f
Tavy Tavg arT aT 0 o
i 3 (From calorimetrics)

565,35 566.50 46.10 45.55 92.42 20.51
5606, 50 565,006 45.55 46.22 90.51 92.18
5G5. 5606.32 47.50 46.88 92.18 -
266,32 565,22 46. 88 47.40 ——— ————
For measurcwent #1, loop 1 AT was usod,
Por measuroment £2, loop J AT was usced.
Nevba s ) o= initial

1 {inal

(3] JAMY
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The analysis of the power cocfficient data is somoewhat involved and

is presented in flow chart form in Figure 1. Note that even though

the RCS temperature changed during the experiment, the final power level
(Fg) 1s evaluated using the initial RCS temperaturc. This is done in
order to insure that the final answer is in the form of the ratio of the

isothermal temperature coefficient to the doppler-only power coefficient.

That is, the doppler-only power coefficient is defined as a change in power
at constant RCS temperacure, therefore in the analysis no RCS temperaturc

change should be used.

Results of these calculations are shown in Table 2.

THBLE 2

Results of Data Analyeis

Tavg (°F) i3 P P (%) Power Coef. nfg Tavg Avg P
i f 5 f
(Tavg - Tavg) (%) (%) (px-mf ¢.Tavg/. P) °r) (%)
-1.15 92,18 91.04 . 1l.14 -1.009 565.93 91.61
1.44 91.16 92.55 -1.39 -1.036 565.78 91.85
=-1.32 92.42 91.17 1.2% ~1.055 565.66 91.79
.10 91.30 92.35 ~1.05 ~1.046 565.77 91.83
Averaqges =1.036 565.70 91.77
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The power coefficient caleulated in Table 2 has the units of "F per
percent power that is; =1.036 “¥/%. 70 arrive at a doppler-only

power covfficicnt in terms of the more familiar pem per percent power

a calculated isothermal temperature coefficient must be used. This valuc

conditions of 5€5.78°F Tavg and 953 ppm boron concentration. Using linecar
interpolation in Figure 5.1 (BOL) the expected isothermal temperature

coefficient is <-8.48 pom/OF.

During the zero power physics testing it was found that the predicted
isothermal temperature coefficients in Figure 1 are biased more positive
that the measured values by 0.50 pen®F. That is, the measured isothermal
temperature coefficent is 0.50 pem/°F more negative than predicted.
Therefore, the proper isothermal temperature coefficient tc be used in this

analysis should be the predicted value biased 0.50 pcm/°r nore negative:

ap
“%% iso = B8.48 - 0.50 = =8,98 pem/°F

;

|

’ can be obtaired from WCAP-9244, Figure 5.1 using the measured
.

1

J

i

|

J

l Therefore the measured doppler-only power coefficient is:

| -(8.98 pen/OF x 1.036 OF/%) = =9.30 pem/%

This compares very favorably with the design valuc of =8.67 per/t

|
:
|
| found in Pigure 5.5 of WCAP-9244.
|
I
|

A=

g
i
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APPENDIX B

CORE LOADING SEQUENCE
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