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INTRODUCTION

The Core 20-21 refueling at the Yankee Nuclear Power Station began on
June 23, 1990 and was completed with the startup of Core 21 on
November 11, 1990. This report provides details of the Startup Program for

Core 21.

The intent of the Startup Program is to ensure the proper condition of
the reactor and fuel from a mechanical as well as nuclear standpoint.
L the refueling outege, fuel assemblies and control rods were inspected
utilizing various methode, tc assure their sound physical condition. During
the physics testing, various nuclear parameters and coefficients were measured
and recorded to verify the design calculations used in analyzing plant
[ transients and accidents. The nuclear parameters also provide a guide for
operator understanding of the Core 21 physics characteristics during routine

plant operation.




ITI. SIMMARY QF RESULIS

Table 1 contains a summary of the Startup Program physics testing
results., Predicted values an! acceptsuce criteria tolerances are from
Reference Documents 1 and 2., Al. parameters measured and/or determined were
found to meet the Acceptance Criteria with the exception of the Control Rod
Group B integral worth. The difference in measured-to-predicted Group B
integral worth was acceptable eince the total integral worth of all groups

measured was within the expected tolerance.

5759R -2=
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Euel Assemblies

Yankee Core 21 is loaded with 36 new zircaloy clad 3.9 w/o fuel
assemblies and four new zircaloy clad 3.5 w/o assemblies around the
perimeter of the core, with 32 once-burned zircalcy clad 3.9 w/o
fuel assemblies and four once-burned Zircaloy clad 3.7 w/o
assemblies in the center region as shown in Figure 1. Sixteen of
the fresh assemb'ies have solid zircaloy inert rods in selected
positions, eix per A assembly, and either ten or five per B
assembly depending on the core location. The B assemblies have one
or two special guide bars and the A assemblies have one special
guide bar (Figure 13). Spacer stiffener strips are attached to
these special guide bars at various positions along the axial
length. These modifications were performed at Combustion
Engineering prior to delivery to Yankee as & precaution against

flow-induced fretting wear as described in Reference 1.

During the Core 20-21 fuel shuffle, the once-burned recycle
assemblies were inspected ultrasonically and visually to check for
leaking fuel rods. All assemblies were found to be free of any
fuel damage, with the exception of ¢(me fuel rod from Core locaticn
No. 75. This fuel rod was removec and replaced by a solid zircaloy

rod.

Upon completion of fuel loading, assembly positioning was checked
by underwater television and video tape. The video tape was then

reviewed independently to verify the core loading.

Control Rods

The Yankee core has 24 Ag-In-Cd control rods with zircaloy
followers. The rods are divided into three shutdown groups (A, B,

”

and D) and one controlling group (C) as shown in Figure 2.
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rior to initial criticality, control rod exercises were performed
to verify proper functioning of the control rod drive systen The
exercises involved moving the rods from 0" to 9 and back t
again. Additionally, control rod drop times were measured as a
I
‘ final check that there was no binding or obstruction. The drog
time 1s the in the power 1is it to the r
stationary gripper coil until the rod drive shaft passes the ¢
coil on the indicating stack. The rod drop times are measured
using a calibrated Visicorder. A detail 1lation of the
1 rod inspection results and drop times is shown in Table 2




IV. SIARTUP PROCRAM =

Zero power physics testing data is collected b ntentionally
varying one core parameter and measuring its effect on reactivity
' while other parameters are held as constant as possible. The
variable parameters affecting reactivity include boror
concentration, temperature, and control rod positior The
I 16 derived from this data include boron worth, moderator
fficient, cuntrol rod worths, and Xenon plus power
. Zero to full power physics testing sis t reasing reacto:
l power to specified levels ar then utilizing the It re Detectior

I System to determine power distribut n and inear nheat generatior

-

For the re 21 zero power physics testing, a Westinghouse Digital

,' .
Ra 4 i r oy Nt 1 Diegd Rac ) $ 4 veer { DR A
neactivity J(Tr iILE VAK A nea A y LY YA
vere used to perform the test te
T ’4 1 A o - i i v \ "o y . ' o .
The reactivity data was obtained 1} mnecting two pla axXcore
nuclear instrumentatior into the Westinghouse D
Channels 3 and 7, which were used for testing, are positioned ir
’.E‘L“ same ex re ete ’ v ) . at 4 f t',:‘., » vert al DOE tiones

' ¢
The DR alculated 1 tivity by solvi ifferential in-hou:
equation for each of the flux sig LE Delayed neutr 16t ts
for re 21, as calc ted by the Yankee Nuclear Services

T "t

Divis YNSD), were entered int the DRC prior to physics
testing Table ontaing & isting of Core Z layed neutron

"
fractions used. Dynamic checks of the DRC were performed at the
peginning, end, ar pericdically throughout the test program t
verify proper alibratior f the ymputen

»
.
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An average Main Coolant System Temperature (T.ve) input was
piovided to the DRC [rom the main contro) board. The control rod
positions obtained from the main centrol board were manually

entered inty the DRC by physics test personnel during the testing.

Boron concentrations of the main coolant, prassurizer, and low
pressure surge tank were supplied by the Chemistry Department based
upon titration analysis of the & orementioned camples. The use of
low pressure surge tank and pressurizer samples provi‘es & more
precise accounting of the boron conditions in the Main Qoolant
System (MCS) durires testing. The sampling was verformed at
numerous times throughout the physics test pregram. Meltiple
samrling and repeated titration provided a high degree of

reliability in the boron concentration duta.

The DRA calculated the values of the reactivicy parameters in test
using the reactivity, temperature, and rod position data &s

necessary.

Power distribution data was obtained througk the use of the Flant
Incore Flux Mapping System (both moveable and fixed) in conjunction
with the CDC Computer System. YNSD perforned the atalysis of all
flux mapping data.

Critical Boron Concentrations

Just critical boron concentraticus were measured ag close as

possible to the following conditions:

0 All Rods Qut

0o Group C Inserted

Refer to Table 4 for the results, Note that the measured values
have been adjusted from the actual control rod positiovns to allow

one-to-one comparison with predicted values.




Differential rod worths weve measured for Groups C, A, and B using

the dilution balance technique A continuous dilution is used

is then used to Lalance this etfert, Reartivity is allowed to vary

from a just critical state produciong a sawtoothed grephicsal

e

measuremant of differential control rod group worth,
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From this data, differential and intesgra
Tables 5, 6, and 7 provide a tabulatisn of the vesults. igures 3,

5, and 7 provide graphical representation of rocd greoup differential

b

worths., Figures 4, 6, and ¢ provids greohicil representation of

p integral wotrths,
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change. In order t reast the accuracy of thic measurement, the
pressurizer, MCS aud low pressure surge tank were monitored to

Assure eguaiized boron concentrations prior to measurement

v o .
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Each ITC was calculated by averag: " the differential change it
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integrated fission reaction

rates. All

.ocations show accentable agreement between

measured and Qredicted reaction rates Incore flux map (YR-21-004)
a8 also used to check that the LRACR, F ., and F.. (nuclear)

q QOH
were witiin Terhnical Specification limitse. Figure 11 shows the

results of these measurenents which were acceptable.

pius xenun d:fect refers to the negative reactivity
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associated with an ia<reare In reactor powe-. Moderator and fue!

deratot
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rempatature efficimits contribute to the power defect, while the

renon defect relaces to the xeno oncentration present the core
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TABLE &

CORE 20-21 REFUELING

SONTRAT RO TNE ATYIAN DESTIT
CONTROL ROL AINSPECTION RESULTS

Rod riginal Bow Replacement Droj

t - 1 ¢ . L e { & | 1 . ) [4
l Eosition serial No, (luches) perdal No.

134 ‘s i V.
: : AlS¢E .48
“‘. 7€ | [4
L A1§7 ¢ 1.8
Al ) | . 4d
€ AlL2 158 i
7 All 178 .
§ Al ] 22 L e
¥ Al 34 2% AlS 1.54
1 AlL7 7S 1 . B4
A AlG L B
12 AlLS 12§ 7
] Al37 1! et
14 AlLt 62 -
‘ 16 Alf 128 l1.74
1€ Al5 KX S

“ 4 AlGd 18 Y
“

y AlL9 s 58

24 Ald 183 - 1.91




TABLE 3

YANKEE CORE al
DELAYED NEUTRON FRACTIONS

FRACTION EFFECTIVI LAMBDA
GROUP REIA BAR ERACTION (SEC)

1 W00 1RGRE ) 19087 t
: 01352¢ 1357¢€

00123548 0012401¢ 11507
L 0253255 00254197 « 3093(
' R6EGOS 000R 7234 1.16389
¢ 0030901 ) 1024 ) LY.

BETA EFFECTIVE = 00651
BETA BAR = 006488
I BAR « 1.003774
PROMPT NEUTRON LIFETIME =

2

4
-
on
-
=

|

C
DL ADES/MIN. ) (SEC.) 'ii.:*“

S A B

RTL Y FAAE PER X‘: REACTTIY 1Ty

10C 260 «/

s 00 2.1 4
8 00 :'\ ‘. AL‘L

2.606 1( LRE




TABLE &

MR TTY . N AN ENTY 1YW ¢
Ai\‘ 4o s‘“tg K‘a}au‘l‘ »~ Jt‘ -L\‘ Axn‘to Anlaln

PPM)

Rredicted Measuresd Corrected

Corrected
predicted values.

87.875 inches withdrawn.

inches withdrawn




TABLE 5

YANKEE ROWE CORE 2)

BANK POSITION DATA

». 0P C WORTH

REACTIVITY DATA

—aaME INITIAL FINAL AVERAGE DH DP SUMDP CP/DRH
14:33 $0.00 79.88 84,94 10.13 $3.30 $3.30 §.26
14:38 79.88 73.13 76.50 6.75 66.33 121.63 10.12
14:42 73.138 68.25 70.68 4.88 73.02 194 .64 14.98
14:47 68.25 63.75 6€6.00 4.50 76.42 271.06 16.98
14:52 €3.75 $9.25 61.50 4.50 85.55 356.61 19,01
14:57 59.2% $5.50 $7.38 3.78 74.27 430.88 19.81
15:02 55.50 52.13 $3.81 3.38 78.38 509.26 23.22
15:06 52.13 49.13 50.63 3.00 73.46 §82.72 24.49
15:11 49.13 §6.13 47.63 3.00 74.22 656.93 24.74
19119 46.13 43.50 44.81 2.63 73.50 730.43 28.00
15:21 43.50 41.25 42,38 2.25 66.14 796.57 29.40
15:25 41.25 39.00 40.13 2.25 70.13 86€6.70 31.17
18131 39.00 36.38 37.69 2.63 82.27 948 .97 31.34
15:36 36.38 34.13 35.2% 2.25 72.86 1021.82 32.38
15:40 34.13 32.25 33.19 1.88 $9.48 1081.30 31.72
15:44 32.25 30.38 31.31 1,88 60.55 1141.86 32.29
15:49 30.38 28.13 29.25 2.25 74.68 1216.54 33.18
15:54 28.13 25.88 27.00 2.25 69.33 1285.87 30.81
15:58 25.88 23.63 «4.75 2.48 65.48 1351.34 29.10
16:03 23.63 21.00 22.31 2.63 74.51 1425.85 28,38
16:07 21.00 18,38 19.69 2.63 66.92 1492.77 25.49
16:12 18,38 16.7% 17.06 2.63 58.40 18851.17 22.2%
16:15 15.78% 10.13 12.94 .63 79,70 1630.87 14.17
16:21 10.13 0.00 5.06 10.1 66.61 1697.48 6.58
Where:
DH = Change in height of rod group, inches
DP = Measured reactivity change, pcm
SUMDP = Total reactivity worth of rod group at final position
DP/DH = Differential reactivity worth of rod group

at the average position

=184
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TABLE 7
YANKEE ROWE CORE 21 GROUP B WORTH

EANK POSITION DATA

REACTIVITY DATA

TIME IWNITIAL FINAL AVERAGE jol | 8} SUMDP DP/DH
03:43 90.00 78.75 84.38 11.28% 84.79 84.79 .54
03:48 78.7% 71,63 75.19 T¢d9 895.73 180,51 13.44
03:53 71.63 66.00 68.81 5.63 94.26 274.77 16,76
03:59 66.00 61.50 63.75 4.50 86.31 361,08 19.18
04:04 61,50 $7.38 59.44 8:43 89,96 451.04 21 .81
04:09 57.38 5§3.63 55.50 do19 92.48 543,52 24,66
04:15 53.63 50.25 $1.94 3.38 91.67 635.19 2.3
04:21 50.25 46.88 48.56 3.38 100.42 735.61 289.78
04:27 46.88 44,25 45.56 2.63 85.34 820.95 32.51
04:33 44.25 41.63 42.94 2,63 891.24 912.19 34.76
04:38 41.63 39.38 40.50 2.89 83.74 985,93 37.88
04:43 39.38 37.13 38.25 .45 89.89 1085.83 35.95
04:49 37.13 24.88 36.00 A $4.54 1180.36 42.0
04:56 34.88 32,63 33.75% 2.25 87.64 1278.90 43.40
05:02 32.63 30.38 31.50 2.25 99,61 1377.61 44.27
05:08 30.38 28.50 29.44 1.88 83.43 1461.04 44.50
05:13 28.50 26.63 27.56 1.88 83.1 1544,20 44,35
05:18 26,63 24.75 25.69 1.88 82.89 1627.09 44.21
05:24 24.75 22,88 23.81 1.88 77.72 1704.81 41.45
05:29 22.88 20.63 21.78 2.2%5 86.17 1790.98 38.30
05:35 20.63 16,38 19.50 2va9 76.01 1866,99 33.78
05:39 18.38 15.38 16.88 3.00 77.0 1944.04 25,68
05:43 15.38 12.00 13.69 3.38 66.11 2010.1 19.59
05:48 12.00 0.00 6.00 12.00 66.9% 2077.10 5,58
Where:
DH =« Change in height of rod group, inches
DP = Measured reactivity change, pcm
SUMDP = Total reactivity worth of rod group at final position
DP/DH = Differential reactivity worth of rod group

at the average position

e
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TABLE 9

MORERATOR TEMEERATURE COEFEICIENT COMIAELUQNS

(PCM/*}
WAL
l Control Rod Boror
¢ 'y Y ’ ' | . . o As , ' o $ ' > 1
Rosdltion Concentration [Eredicled Measured Lorxected Riflerence
AR( 2108 *?.k
Groug r %¢ LO# ‘ . i F "
(1) Average of all measurements performed and corrected fo: nti !
position to allow for direct comparison with pre te alues
.
' 2) Group C @ BO.0 inches withdrawr
3) Group C @ 5.0 inches withdraw
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TARLE 1

POWER _PLUS XENON DEFECI

Boron Moderator
Concentration atmperature
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FIGURE 1

YANKEE CORE 21
BOL ASSEMBLY AVERAGE BURNUP

BURNUP (MWD/MTU)
W/O OF ASSEMBLY * ..

0

10609

* 3.9 W/O UNLESS OTHERWISE INDICATED




FIGURE 2
YANKEE CORE 21
CONTROL ROD GROUP IDENTIFICATION

- BHUTODOWN GROUP A
SHUTDOWN GROUP B

> - CONTROLLING GROUP C

D - SHUTDOWN GROUP D

CONTROL ROO I©
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FIGURE 3
Yankee Rowe Core 21
Group C Differential Worth .
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FIGURE 4
Yankee Rowe Core 21
Group C integral Worth

—
l O Measured Data

CM)

0.
1‘,‘
L~
o
©
-
o
@
=

30

Group C Position (Inches Withdrawn)




M/inch)

-~
—

itterential Worth (P

™~

FIGURE 5
Yankee Rowe Core 21
Group A Differential Worth
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FIGURE 6
Yankee Rowe Core 21
Group A Integral Worth
2500
j O Measured Data
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FIGURE 8
Yankee Rowe Core 21
Group B In*egral Worth
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FIGURE 9

GROSS QUARRANT TILI
INCORE RUN YR-21-002
150 MWI, GROUR C @ 64,25 INCHES

STANDARD ORIENTIATION

1.0031AJ 9770
|
|

1.0151 1.0047

RIRECTIONAL ORIENIATION

Maximum Value = 2,34%

Acceptance Criteria = 4 5.0%
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INCORE RUN YR-21-004
381.8 MWT GROUP C AT 80.000 INCHECT

COMPARISON OF MEASURED AND PREDICTED SIGNALS

FIGURE 10

50. MWD/MTU

MEASURED SIGNAL........ 73y
®REDICTED SIGNAL........ 755
% DIFFERENCE................. 2.2
1.241
1.281
-3.1
1,068
1,073
-5
968 1.043
966 1.020
2 2.2
1.004 1.022
977 1,022
2.8 0
1.120
1.099
19
1.033 966
1.019 967
1.3 -1
085
993
-9
813
828
| 1.9

AVERAGE ABSOLUTE DIFFERENCE BETWEEN
MEASURED AND PREDICTED IS 1.420 PERCENT

RMS ERROR IS 1.749
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FIGURE 12
YANKEE CORE 21
CORE LOCATIONS OF MOD!FIED ASSEMBLIES
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