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1.0

Introduction

Post fuel load startup testing of Arkansas Nuclear One, Unit 2 commenced
June 26, 1981 with the performance of precritical tests. Low power physics
testing began on June 29, 1981. On this date, cycle 2 initial criticality
was achieved. Low power physics testing proceeded to completion on July

3, 1981, at which time power ascension testing commenced. The first power
ascension test plateau (50% full power) was attained on July 8, 1981.
Following completion of testing at 50% full power on July 21, 1981, reactor
power was raised to 100% full power and testing continued. The power
escalation test program was completed on August 19, 1981.






3.0 Low Power Physics Test Summaries
3.1 Determination of Critical Boron Concentration
3.1.1 Purpose

The reactor coolant system boron concentration required
to maintain criticality of the reactor at the beginning
of cycle two under hot zero power xenon-free conditions
was measured. The results of this measurement were com-
pared to predictions to verify design, fabrication

and proper loading of the core.

. (% A Test Method

Criticality of the reactor was obtained by deboration of
the reactor coolant system at a constant dilution rate.

All CEA's were fully withdrawn prior to deborating the

RCS with the exception of regulating group 6 which was

75" withdrawn. Once criticality was achieved, the dilu-
tion was terminated and the RCS boron concentration allowed
to equilibrate. The critical boron concentration was cal~
culated by correcting the measured equilibrium boron con-
centration for deviation of CEA position from the reference
CEA position for the predicted critical boron concentration.

3:.3.3 Results and Evaluation

The measured critical boron concentration of 1210 ppm agreed
well with the predicted value of 1211 ppm. Acceptance criteria
state that the measured critical boron concentration shall be
within 100 ppm of the predicted critical boren concentration

3.2 CEA Symmetry Test
3.2.3 Purpose

A CEA symmetry test was performed to verify that all CEA's
were coupled to their extension shafts and to verify correct
loading of the core.

3:2.2 Test Method

The symmetry checks were performed by inserting the reference
CEA of a group to its lower electrical limit and compen-
sating for the reactivity change by withdrawing CEA regu-
lating group 6. Symmetric CEA's in the group were subse-
quently traded with each other and the reactivity devia-

tion from the reference CEA measured. The reference CEA

was finally traded for the last symmetric CEA in the group to
measure reactivity drift. The adjusted deviation was cal-
culated by adding the appropriate drift correction to the

CEA worth deviation from the reference CEA. CEA coupling

was verified by noting a change in reactivity when a CEA

was inserted.




3.3

3:2.:3

Results and Evaluation

The absolute value of adjusted reactivity deviation for all

CEA's from their respective references was less than the maxi-

mum acceptable value of 1.5 cents. All CEA's were verified
to be coupled.

Temperature Reactivity Coefficient

3.3.1

3.3.2

3.3.3

Purpose

The isothermal temperature coefficient (ITC) measurement
was performed during low power physics testing to verify
conformance with Technical Specifications on the moderator
temperature coefficient (MTC). Comparison of the measured
ITC to predictions was also performed to demonstrate
proper design and fabrication of the core.

Test Method

The isothermal temperature coefficient was measured at two
CEA configurations: essentially all rods out (CEA group 6
>130" withdrawn) and che zero power insertion limit.

At the specified CEA configuration, the test was initiated
by decreasing average reactor coolant temperature by 10°F
and then increasing the temperature to its initial value.
During the change in temperature, reactivity feedback was
compensated for by CEA regulatiag group movement. This com-
pensation was required to maintain reactor power within the
acceptable test range. The reactivity change associated
with the change in RCS average temperature was obtained from
the reactivity computer and used to calculate the ITC.

After the ITC had been measured, a predicted value of the
fuel temperature coefficient was subtracted from the ITC
to obtain the MTC.

Results and Evaluation
Table 3.3-1 tabulates the results of the temperature

reactivity coefficient measurement. All applicable
acceptance criteria were met.



ISOTHERMAL TEMPERATURE COEFFICIENT MEASUREMNT
TABLE 3.3-1

1 ARO~~
I7C
MTC
- ZPIL-~
ITC
MTC
NOTES:

MEASURED
(ak/k/°F)

+.043x10" %

+.193x10"%

-.409x10 "

-.259x10"%

PRED | CTED
(Ak/k/°F)

+.170x10™%

+.320x10"%

-.27x107%

-.120x10"%

ACCEPTANCE CRITERIA

(a)
(b)

(a)
(b)

(a) Measured value wust be within :0.3x10-“ Ak/k/°F of predicted value.

(b) Measured value must be less positive than +0.5x10"




3.4 Part-Length Control Element Assembly (PLCEA) Reactivity Worth
3.4.1 Purpose

This test was performed for information only. The results
will be utilized in reactivity balance calculations.

3.4,2 Test Method

PLCEA group reactivity worth was measured at hot zero power
conditions using the boron/PLLZA swap method. This method
consists of establishing a constant deboration rate in the

RCS and compensating for the reactivity change by inserting

the PLCEA's in incremental steps. Whe: the PLCEA's were
positioned at the point of maximum integral worth, the debor-
ation was terminated. Boration of the RCS ccamenced at th:s
point, the reactivity change being compeasated for by insertion

of the PLCEA's to the lover group stop. This process was reversed
to obtain the withdrawal neasurement oi PLCEA reactivity worth,

The reactivity change values that occurred during these
measurements were obtained from the reactivity computer and were
correlated with PLCEA group position.

3863 Results and Evaluation

This measurement was made for information only. Hence,
no quantitative acceptance criteria were applied.

3.5 Regulating CEA Group Reactivity Worth
< k. % | Purpose

The reactivity worths of the CEA regulating groups were
measured primarily to verify calculations of ava.lable
shutdown margir. The results of this test were compared
to vendor predictions of regulating group reactivity
worth. If sufficient agreement between predictions and
measurements is demcnstrated for the regularing CEA
group reactivity worths, the reactivity worth predic-
tions for the shutdown CEA groups are deemed adequate.
Additionally, the measured values of regulating CEA
reactivity worth are utilized for reactivity balance
calculations.




5.2 Test M= chod

The regulating group reactivity worths were measured
at hot zero power conditions using the boron/CEA group
swap method. Reference section 3.4.2 for the test
method.

3.3 Results and Evaluation

Table 3.5-1 tabulates the resu'ts of the regulating CEA
group reactivity worth measurement. All applicable accep-
tance criteria were met.




REGULATING CEA GROUP WORTHS

TABLE 3.5-1
REG. GROUP NO. MEASURED WORTH PREDICTED WORTH ACCEPTANCE CRITERIA
(%Ak/k) (%Ak/k) (%Ak/k)
6 0.40 0.41 +0.10
5 0.64 0.72 +0.11
4 0.43 0.38 +0.10
3 1.11 1.20 +0.18
2 0.61 0.61 +0.10
TOTAL 3.19 3.32 +0.33



4.0 Power Escalation Test Summaries

4.1 Reactor Coolant Flow at 50% and 100% Full Power

5:4:3 Purpose

Measurement of reactor coolant flow was carried out at 50%
and 100% full power utilizing calorimetric methods. The
results were used to verify the conservatism of the Core
Operating Limit Supervisory System (COLSS) and the Core
Protection Calculator (CPC) measurements of reactor
coolant flow.

Test Method

A calorimetric measurement of reactor coolant flow was performed
at steady state conditions. After establishing initial con-
ditions for test performance, reactor core AT, primary

system pressure, and secondary calorimetric power were recorded.
From these state parameters, RCS mass flow was computed from

the following:

m = Q/Ah
where
Q = Secondary calorimetric power (BTU/hr.

Ah = = h_ = difference between hot leg and cold leg
specific enthalpy (BTU/lbm)

m = RCS mess f'lowrate (lb-/hr)

The calorimetric RCS mass flow was then corpared to COLSS
RCS mass flow and appropriate adjustments to COLSS flow
constants were made. CPC RCS mass flow was next compared
to COLSS RCS mass flow. Adjustments to the appropriate
CPC constants were made to maintain the CPC value of RCS
flow conservative wich respect to the COLSS value of RCS
flow.

&.1.3 Results and Evaluation

Acceptance criteria applied to this test at 50% and 100% full
power state that for COLSS operable, measured RCS flow must

be greater than COLSS calculated RCS flow which in turn must

be greater than CPC calculated RCS flow. Table 4.1-1 summarizes
the results of this test. Applicable acceptance criteria

were met at 50% and 100% full power.



REACTOR COOLANT FLOW AT 50% AND 100% F''LL POWER

TABLE 4.1-3

TEST PLATEAU (%FULL POWER) MEASURED FLOV(I)
50% 113.00
100% 111.01

(I)Flow values reported in § of design mass flow.

COLSS FLOW

112.84
110.98

(1) CPC FLOﬂ(l)
A B C D
112.59 112.60 112.59 112.55

110.65 110.57 110.58 110.55



4.2 Core Power Distribution at 50% and 100% Full Power
4.2.1 Purpose

Steady state core power distribution was measured at

50% and 100% full power to verify core nuclear and
thermal-hydraulic calculational models, thereby justi=-
fying use of these modeis for performing the cycle 2
safety analysis. This test also serves to verify accept-
able operating conditions at each test plateau.

4.2.2 Tes. Method

“*eady state reactor power was established at the appro-
pilate test plateau with equilibrium xenon. Incore
detector data was then collected and analyzed using an
incore anaiysis computer code. Specified power distri-
bution parametevs were obtained from the code and com-
pared to predictions to verify the acceptability of the
measured power distribution.

%.2.3 Results and Evaluation
Tables 4.2~1 and 4.2-2 tabulate the results of the core power
distributicn tests. Figures 4.2-1 and 4.2-2 depict the

measured radial power distributicans at 50% and 100% full power.
All applicable acceptance criteria for this test were met.

11



CORE POWER DISTRIBUTION AT 50% FULL POWER

TABLE 4.2~-1
PARAMETER MEASURED PREDICTED ACCEPTANCE CRITERIA(G)
st (axial) 2.328 - <5.000
rus 1) (radial) 3.501 - <5.0
(2) 1.56 1.61 +0.16
Xy s
ot 1.52 1.55 +0.16
rz(“) 1.23 1.22 +0.12
FQ(S) 1.88 1.92 +0.19
n
Wrys = [ 2 (1008 )%/n)"/?
i=m
where h. = difference bE ween the predicted and measured relative

power dénsity for the i axial or radial node.

1,101 for the axial distribution

m,n

i

m,n 1,177 for the radial distribution

(2)va = Planar radial pcaking factor

(3)Fr = Integrated planar radial peaking factor

(4)
z

Fa

(6)

Acceptance criteria additionally state the for each assembly with a predicted
relative power density >0.9, the measured relative power density (RPD) must
agree with the predicted RPD to within +10% of the predicted valve. For

each assembly with a predicted RPD <0.9, the measured RPD must agree with the
predicted RPD to withipn +15% of the predicted value.

Core average axial peaking factor

(5)

Three dimensional power peaking factor

12




RADIAL POWER DISTRIBUTION AT 50% FULL POWER
FIGURE 4.2-1(a)

A B c D E F G
| .811 [ 1.10
L .7620 | 1.0425
-6.062 | -5.182
| 740 | 1.09 [1.10 [1.18
.7043 1.0010 | 1.077" | 1.1210
 -4.865 -8.165 -2.091 @ -5.000
!
| )
.760 .928 1.13 .994 1'1.15
. 7437 L9647 | 1.1391 .9678 | 1.1363
-2.105 3.987 | .796  -2.616 | -1.217
765 978 1.05 | .929 | 1.26 | .928
. .7362 .9597 1.0739 = .9226  1.3106 | .9480
-3.791 | =1.840 2.286 -.108 | 4.048  2.155
T1.12 1T1.15 931  .998 871 | .814
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-3.000 | -2.458 -.522 .215 1 2.945 4.516 | 5.686
. X.XXX | Predicted
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| z.222 ' % Difference NV/
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RADIAL POWER DISTRIBUTION AT 50% FULL POWER
FIGURE 4.2-1(b)

H J K L M N p R
1.17 1.10 - .820 1
1.1139 [1.0547 | .7759 1
~4.786 [-4.091 | -6.506
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665 | .809 774 T 814 .928 1.15 [1.18 |1.10 |
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CUX.XXX Predicted !
NE
y.yvy Measured -
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RADIAL POWER DISTRIBUTION AT 50% FULL POWER
FIGURE 4.2-1(c)

.17 | 1.2¢c | .986 | 1.22 .810 1.03  .665
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12 7517 | .9897 | 1.1028 | .9493 | 1.3397 | .9671
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RADIAL POWER DISTRIBUTION AT 50% FULL POWER
FIGURE 4.2-1(d)
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16
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CORE POWER DISTRIBUTION AT 100% FULL POWER
TABLE 4.2-2

PARAMETER
rus ‘Hdxial)

RHS(%gadjal)
F(2)
ry
F(3)
r
P(A)
z
A3)
f‘Q

Note: Superscripts refer to footnotes of Table 4.

MeEASURED

.

k.

079

.857

+ 33

74

17

PREDICTED

1

ks

1.

.52

o

17

13

y I
<

1

Y
ACCEPTANCE CRITER]A(6

<5.000
<5.000
+.15
+.14
+.12

+. Ly
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FIGURE 4.2-2(c)

RADIAL POWER DISTRIBUTION AT 100% FULL POWER
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RADIAL POWER DISTRIBUTION AT 100% FULL POWER
FIGURE 4.2-2 (d)
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4.3 Shape Anneal . ng Matrix (SAM) and Boundary Point Power
Correlation (BPPC) Verification at 50% Full Power

§.3:1 Purpose

Measurement of the SAM elements and BPPC constants was
performed to determine acceptable values of these ccn-
stants for a wide range of core axial power shapes.

4$.3.2 Test Method

The SAM elements and BPPC constants were determined from

a least squares analysis of the measured excore detector
readings and the corresponding power distribution deter-
mined from the incore detector signals. Since these values
must be representative of the rause of axial power distri-
but ‘ons expected throughout cycle 2, it was desirable to
measure these parame=ters within the expected range of axial
shapes. This was done by initiating an axial xenon oscilla-
tion and periodically recording incore, excore and reactor
state parameters during the oscillation. The incore data

was analyzed using an incore analysis corputer code to ob-
tain third core peripheral power integrals, third core detec-
tor fractional response, upper and lower third core integrals
of core average power and upper and lower core boundary point
powers. A least squares analysis was then performed to obtain
the optimum set of SAM elements and BPPC constants charactec-
izing the correlation between the excore detectors measured
response and the corresponding incore detectors power dis-
tributions. The analysis was performed for each CPC Channel.

4.3.3 Results and Evaluation

Acceptance criteria for this test required that unless the
measured value of each SAM element was within +5.0% of the
predicted value for that element then the measured SAM

must be installed in the CPC. An identical acceptance cri-
teria was applied to the BPPC constants with the exception
that the level of agreement required between predicied and
measured values was reduced to +3.0%. Since this level

of agreement was not obtained for the SAM elements or the BPPC
constants, the measured values were installed in each CPC.

For each SAM calculated, a test value characterizing the
"goodness of fit" of each matrix was computed. Acceptable
test values were obtained for eacn matrix. Hence, no further
adjustments to the CPC's were necessary. Table 4.3-1 tabu-
lates the results of this test.
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SHAPE ANNEALING MATRIX

(SAM) AND BOUNDARY POINT Cet'k "~ uEIATION COEFFICTENTS

No further CPC adjustments required if 3.0< Test Value <6.2

TABLE 4.3-1
CPC PREDICTED MEASURED VALUE
CONSTANT PID VALUE Ch. A Ch. B Ch. C Ch. D
SC11 081 17.278 8.0488 8.8933 9.2542 5.3049
S§C12 082 -15.418 -2.5501 ~3.9195% -5.0288 1.5357
SC13 083 2.9747 -2.1580 -1.5038 | = 57369 -4.0058
SC21 084 -16.573 . ~2.8754 -1 8006 -3.2261 -1.2843
S§C22 085 32.478 7.5103 6.1440 8.4330 5.0860
SC23 086 -16.399 . =1.9734 ~1.4754 -2.6927 -.84248
SC31 087 2.2953 | =2,1736 ~4.0915 -3.0275 -1.0208
SC32 088 ~14.053 I =1.9617 . 77632 L= .40124 -3.6210
SC33 089 16.425 ; 7.1297 5.9789 6.2683 7.8471
(1) f T
Test Value = . 4.B08 4.925 - 4.841 5.066
‘!/— B \*w‘w — :
BPPCC1 099 13587 F-1 i .86071 E-2
BFPCC2 100 64120 E-1 ; 32531 E-1
BPPCC3 101 14204 E~-1 I .90377 E-2
iBPPCC& 102 /6890 E-1 i .38131 E-1
(1)



4.4 Radial Peaking Factor and CEA Shadowing Factor Verification at 50%
Full Power

4.4.1

4.4.2

4.4.3

Purpose

Performance of this test at 50% full power assured con-
servatism of the radial peaking factors (RPF's) utilized
by the CPC's and COLSS in the power distribution synthesis
algorithms. In addition, the adequacy of the predicted
CEA shadowing factors (CSF's) installed in the CPC's was
demonstrated.

The performance of this test involved establishing the
following CEA cenfigurations:

All CEA's out

Group 6 at LEL (Lower Electrical Limit)

Group % at LEL, Group 5 at 45" withdrawn (FDIL at 50%
full power).

Group 6 a* LEL, Group 5 at 48" wd., Group P at 48" wd.
Group 6 at LEL, Group P at 37.7" wd.

Group P at 37.7" wd.

At each CEA configuration, incore and excore data were
recorded. This data was analyzed to determine the planar
radial peaking factors and CEA shadowing factors for

the particular CEA configuration. Appropriate corrections
were applied to the RPF and CSF multipliers (ARM, i = 1

to 6; ASM. i = 2 to 7) to guarantee conservatism of the
applied RPF's and to assure the adequacy of the applied
CSF's.

Results and Evaluations

Tables 4.4-1 and 4.4-2 summarize the results of the
radial peaking factor and CEA shadowing factor test.
All necessary adjustments to appropriate CPC and
COLSS constants were made based upon measured RPF's
and CSF's.
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4

CEA GROUP/POSITION

ARO

6/LEL

6/LEL, 5/46"

6/LEL, 5/48", P/48"
6/LEL, P/37.7"

P/37.7"

MEASURED
1.5312
1.6591
1.6869
1.6957
1.7165

1.5788

RADIAL PEAKING FACTORS
TABLE 4.4-1

F

XY PREDICTED

5500

.7300C
.6400
.6400
.8200

.6200

AS LEFT VALUES OF F
CPC

1.5500
1.7300
+.6859
1.6958
1.8200

1.6200

*¥oLss

1.5500
1.7300
1.6900
1.7000
1.8200

1.6200






4.5 Reacitvity Coefficients at 50% and 100% Full Power
4.5.1 Purpose

Temperature reactivity coefficients were measured at
50% and 100% full power to verify that these parameters
were within the range specified in Technical Specifica-
tions. A power reactivity coefficient measurement

was performed in conjunction with the temperature re-
activity coefficient measurement at 50% full power. In
addition to verifying compliance with Technical Specifi-
cations, these measurements aid in verifying proper de-
sign and fabrication of the relcad core and provide an
expanded data base for reactivity balance calculations.

4.5.2 Test Method

Two methods were used to determine the Isothermal Temp-
erature Coefficient (ITC) and Power Coefficient (PC);
one method relies upon center CEA movement while the
other method does not utilize movement of the center
CEA.

4.5.2.1 Reactivity Coefficient Measurement with Center CEA
Movement at 50% Full Power

Measurement of the Isothermal Temperature Coefficient
(ITC) and Power Coefficient (PC) using center CEA move-
ment was performed in two stages. Initial conditions
were established with the reactor at steady state,
equilibrium xenon and CEA group 6 at 120 inches withdrawn.
The ITC portion of the test was started by initiating

a small increase in turbine load. Reactor power was
held essentially constant by insertion of the center
CEA while reactor coolant temperature was allowed to
decrease. After the system had stabilized at the new
steady state conditions, data was collected and the
process described above reversed. This sequence was
repeated to assure data was consistent and to reduce
experimental uncertainty. Following completion of

this phase of the test, initial conditions were re-
established for the PC portion of the test. This

phase of the measurement was initiated by decreasing
turbine load while withdrawing the center CEA to
maintiin reactor coolant temperature constant. Reactor
power was allowed to increase and stabilize at a new
steady state. This process was reversed following a
short data collection period at the new steady state.
The entire cycle was then repeated to assure data

was consistent and to reduce experimental uncertainty.



o 5.0.2

Data obtained from the test was reduced to obtain
two equations in which the ITC and PC were indepen-
dent variables. These equations were solved simul-
taneously utilizing an iterative solutious technique
to obtain the ITC and PC. The Moderator Temperature
Coefficient (MTC) was calculated by subtracting the
predicted fuel temperature coefficient from the
measured ITC.

Temperature Reactivity Coefficient Measurement without
Center CEA Movement at 50% and 100% Full Power

With the reactor at steady state, equilibrium Xenon
and CEA Group 6 at 120 inches withdrawn, a small step
chaage in the turbine control valve position was made
and then adjusted to establish a new coolant inlet
temperature. This change produced a small turbine
load-reactor power mismatch. The temperature change
resulted in a reactivity feedback and a resultant
power change. The power change produced an opposite
reactivity feedback and the reactor settled out at

a new power and temperature condition. The cycle was
then reversed by making a small step change in the
turbine control valve position in the opposite direc-
tion. The ITC was calculated iteratively using the
resultant power and temperature changes along with

an assumed power coefficient. The Moderator Tempera-
ture Coefficient (MTC) was then calculated by sub-
tracting the predicted Fuel Temperature Coefficient
(FTC) from the measured Isothermal Temperature Co-
efficient (ITC).

5.5.3 Results and Evaluation

Acceptance criteria state the following:

The measured ITC_shall agree with the predicted values
within +0.3 x 10 ~ Ak/k/°F;

The measured power coefficient shggld agree with the
predicted values within +0.3 x 10 Ak/k/% power; and
The MTC shall be less positive than +0.5 x 10-4
Ak/k/°F when reactor power is <70% of rated thermal
power and less positive than 0.0 when reactor power
is >70% of rated thermal power.

These criteria were met at both the 50% and 100% test
plateaus. Table 4.5-1 tabulates the results of the
reactivity coefficient measurements at 50% and 100%
Full Power.
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REACTIVITY COEFFICIENTS AT 50% AND 100% FULL POWER

TABLE 4.5-1
TEST PLATEAU  PARAMETER WITH CENTER CEA MOVEMENT WITHOUT CENTER CEA MOVEMENT
PREDICTED MEASURED PREDICTED MEASURED
50% Full ITC (Ap/°F) -.335x10™% -.250x10"% -.335x10™% -.356x10""
Power ik wly -4
PC (Ap/%Power) =-1.11x10 -1.03x10 -1.11x10 N/A
MTC (Ap/°F) -.212x10~% -.127x10"% -.212x1074 -.233x10"%
100% Full ITC (Ap/°F) N/A N/A -.763x10~% -.853x10 2
power -4
PC (Ap/%Power) N/A N/A -.951x10 N/A
MTC (Ap/°F) N/A N/A -.653x10"% -.741x10"%
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