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1.0 INTRODUCTION

Arkansas Nuclear One Unit One Technical Specification Number 6.12.2.1
requires that a Startup Report be prepared detailing the startup and power
escalation testing perfomed on unit systems and components. Unit One FSAR,
Section 13, describes the test program and indicates that the initial startup
program was designed to meet the requirements of the AEC publication entitled
" Guide for the Planning of Initial Startup Programs". The " Guide for the
Planning of Initial Startup Programs" states in paragraph A: "This. guide . .
. provides infomation on the breadth and depth of initial fuel loading, startup
and testing programs and procedures that have been found to be acceptable in
the past". Paragraph A further states: "'Ihis guide and the interest of the
AEC are limited to the safety related aspects of the fuel loading, initial
startup and testing program". In keeping with this philosophy, the scope of
this Startup Report encompasses tests that fulfill the requirements of the
Guide and does not include a description of many other tests perfomed on
systems and components that were of interest to AP4L from an economic or design
point of view.

Four changes were made in the initial startup program descriked in the
FSAR and/or the Guide as follows:

1. Hot no flow trip testing of reactor control rod drive mechanisms wasp not done as prescribed in the FSAR, Section 13, and the Guide. A
V full battery of tests were accomplished to assure that the control

rods would enter the core under all reactor coolant pump and flow
combinations. Trips under flow conditions are more conservative than
trips under no flow conditions. |

j

\2. The Guide specifies that a turbine trip test be performed at 50% FP
(Table 13-4 of the FSAR amends the power level to 40% FP). We chose
to initiate the turbine trip by a manual reactor trip (which auto-
matica11y trips the turbine within milliseconds) because it was , felt
that more useful infomation could be gained by initiating the trip
in this manner. The decision to perfom the test in this manner was
supported by the fact that Regulatory Guide 1.68 (which has replaced
the older Guide) does not require a turbine trip at 50% as the old
Guide did. It was detemined that the trip test at 100% FP would be
initiated by manually tripping the turbine.

3. The FSAR states in paragraphs 4.1.1.2 and 7.2.3.1 that the plant can
experience a turbine trip from 100% load without tripping the reactor.
This cr~iition was an acceptance criteria for successful completion
of t' turbine and generator trip tests at 100% FP. This acceptance
criteria was deleted because planned and unplanned occurrences at
other similir plants had demonstrated that the reactor would trip if
turbine and/or generator tripped at.100% FP. The criteria was purely
comercial and had nothing to do with safe operation of the plant.

O)L.
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U 4. We did not perform a generator trip test at 100% power since the
turbine trip test at 100% power produced the same reactor transient.
A turbine trip test at 100% FP and a generator trip test at 100% FP
are required in FSAR and the Guide. (See Section 2.28)-

The four changes in the test program listed above were reviewed by the
NSSS supplier and the AP6L General Office Safety Review Comittee to assure
that no unreviewed safety questions resulted from the changes.

On May 21, 1974 the Atomic Energy Commission issued Facility Operating
License DPR-51 to Arkansas Power and Light Company for Arkansas Nuclear One-

,

Unit 1. The first fuel assembly was loaded into the core on May 29, 1974,
and initial fuel loading was conpleted on June 5,1974. ANO Unit 1 success-
fully achieved initial criticality on August 6,1974.

Zero Power Physics testing, which comenced on August 6,1974, was success-
fully completed on August 8, 1974. This program was conducted at a reactor
coolant temperature of 5320 F and below the nuclear heat power level to elimin-
ate any temperature feedback effects.

Initial power escalation was begun on August 13, 1974. A testing program
was carried out at several points during the power esca ation with most of the
tests performed at four major power plateaus:

O Power Level (%FP) Date
v

15 August 16, 1974
40 September 24, 1974
75 October 23, 1974

100 December 8, 1974

Planned power testing was interrupted on five occasions. These outages
were the result of (1) a need for miscellaneous Balance of Plant repairs,
(2) electrical short on the exciter shaft of main / turbine generator, (3) twice,
because of excessive Reactor Coolant System leakage, and (4) due to an electrical
short in the controller on one of the Reactor Building main chillers.

The startup and power escalation testing sequence was completed on
December 11, 1974.

.

V
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2.1 REACTOR COOLANT FLOW TEST

2.1.1 PURPOSE

Tha, purposes of this test were:

A. To determine the functional flow rates of the reactor coolant
system and the reactor coolant pumps for the following sequence
of test conditions, each test being a' prerequisite for each
subsequent test:

Test 1 CF - Cold Flow Test prior to installation of the core
'

Test 2 HF - Hot Flow Test prior to installation of the core4

Test 3 FC - Single Pump Flow Tests with core installed
Test 4 HFC - Hot Flow Test with core installed

B. To determine the reactor coolant flow for the required pump
combinations in each'of the four test conditions listed in A.

C. To determine the adequacy of the instrumentation used for the
Reactor Coolant Flow Coastdown Test.

) D. To demonstrate that the reactor coolant pumps perform consist-i

ently for extended periods at normal operating conditions.

2.1.2 TEST METHOD

A. Test 1 - CF - Cold Flow Test prior to installation of the core

Steady state data with all four reactor coolant pumps running
was accumulated utilizing the plant computer and the B&W

!supplied Reactimeter.

B. Test 2 - HF - Hot Flow Test prior to installation of the core

Steady state data with all four reactor coolant pumps running
was accumulated utilizing the plant computer and the B&W
supplied Reactimeter. Reactor coolant temperatures during the
test were approximately 520' F.

C. Test 3 - Single Pump Tests with core installed
.

Steady state data for single pump operation of each reactor
coolant pump to determine individual flows was taken after

reaching equilibrium conditions. The same relative reactor

'
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coolant system.tempe.sture and pressure was used during
each test. Data was taken utilizing the plant computer
and the BW supplied Reactimeter.

. . , .

D. Test 4 - Hot Flow Test with core installed

Seventeen test cases of different pump combinations, trips
and coastdowns were run. . Test cases eleven (11) through
seventeen (17) were run solely as part of this test. Test
cases one (1) through ten (10) ' ere run in conjunction withw

Reactor Coolant Flow Coastdown Test. Data was accumulated
utilizing the plant computer and the BW supplied Reactimeter.

'

Descriptions of the test cases are listed below in the order
that they were run:

Sequence Test Case
Number Number Description

1 17 Four Pump Operation
2 6 One Pump Flow Coastdown From Four Pump

Operation (Highest flow pump tripped)
3 7 Three Pump Flow Coastdown From Three Pump

Operation (Trip three pumps simultaneously)
4 8 Two Pump Flow Coastdown From Jour Pump

\s Operation (Highest flow pump each loop
tripped simultaneously)

5 11 Two Pump Operation (Lowest flow pump each
loop)

6 1 One Pump Flow Coastdown From Two Pump
Operation (Lowest flow pump each loop),

7 12 Two Pump Operation (Highest flow pump in !
one loop and lowest flow pump in other loop)

8 2 Two Pump Flow Coastdown From Two Pump
Operation (High flow pump one loop, low
flow pump other loop)

9 15 Three Pump Operation (Highest Flow Pump
shutdown)

10 4 One Pump Flow Coastdown From Three Pump-

Operation (Case 15 conditions, trip highest
flow pump in loop with two pumps on)

11 16 Three Pump Operation (Both pumps in loop
with high flow pump and lowest flow pump
in other loop)

12 5 One Pump Flow Coastdown From Three Pump
,

Operation (Case 16 conditions, trip pump l'

in loop with idle pump) |

13 9 Two pump flow Coastdown From Four Pump
Operation (Both pumps in highest flow
loop tripped)

.

-4-
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Sequence Test Case
' Number Number Description

14 13 Two Pump Operation (Both pumps in leop with
lowest flow)

15 3 Two Pump Flow Coastdown From Two Pump
Operation (Both pumps in loop with lowest
flow)

16 10 Four Pump Flow Coastdown (Trip all four
pumps simultaneously)

17 14 Two Pump Operation (Both pumps in loop with
highest flow)

2.1.3 RESULTS AND EVALUATION

A. Test 1 CF - Cold Flow last Prior to Installation of Core

With four pumps running, the flows determined after correction
6to 554' F were as follows: Loop A = 69.81 X 10 lb/hr;

6 6 lb/hr.Loop B = 69.59 X 10 lb/hr; Total Flow = 139.40 X 10

B. Test 2 HF - Hot Flow Test Prior to Installation of Core

- With four pumps running, the flows determined after correction

C~ s
6to 554' F were as follows: Loop A = 71.10 X 10 lb/hr;i

6 6 lb/hr.Loop B = 70.02 X 10 lb/hr; Total Flow - 141.12 X 10

C. Test 3 t ; Single Pump Flow Tests with Core Installed

Each pump was run individually with the following results:

6Pump Flow X 10 lb/hr

A *39.6
B '39.6
C "40.0
D "36.8

Reactimeter data showed actual flows such that highest to
,

lowest flow pumps were as follows: C,A,B,D. Thus, the
highest flow pump in Loop A is pump C, and the highest flow
pump in Loop B is pump A.

'

&
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D. Test 4 Hot' Flow Test with Core' Installed

- Only Test Cases 11 through 17 were run as a part of this ;
,

test procedure. Other Test Cases (1 through 10) were run |

as a part of the RC Flow Coastdown Test. Results of Test |
Cases 11 through 17 are tabulated below. '

|
Test Loop A Loop B Total Total RC Flow ;
Case Flow X.. Flow X. Flow X X10gt. CriteriaAcce i

6 6 610 1b /hr lb/hr10 1b/hrNo. Pumps On 10 1b/hr
Min. Max.

,

11 A&D 34.9 34.8 69.7 67.8 153.4 !
'

12 A&C 34.7 35.6 70.3 67.8 153.4
13 C&D 0.4 79.6 80.0 62.4 153.4
14 A&B 79.9 0.2 80.1 62.4 153.4
15 A&B&D 30.0 75.3 105.3 103.2 15 3 .4 -

16 B&C&D 76.0 30.3 106.3 103.2 153.4
17 A&B&C&D 71.5 71.0 142 5 138.5 153.4

2.1.4 CONCLUSIONS

All of the test objectives were met plus providing a good set of
baseline data for future reference. The RC flow rates of Test
Cases 11 through 17 were within the allowable limits of the
acceptance criteria of the test.

.

6
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\'J 2.2 REACTOR COOLANT FLOW CO STDOWN TEST j

2.2.1 PURPOSE

A. To determine flow decay versus time for various (worst case)
reactor coolant pump trip combinations.

l

B. To compare flow coastdown with minimum design flow coastdown |
on loss of flow.

2.2.2 TEST METHOD
.

A. One test was run at cold conditions (no core) with all four ,

reactor coolant pumps initially on with a simultaneous trip I

of all pumps following. Coastdown times versus flows were
monitored and recorded utiliz'ing the plant computer, brush
recorders, and the B&W supplied reactimeter.

B. Another test was run under hot conditions (no corei with all
four reactor coolant pumps initially on with a simuztaneous
trip of all pumps following. The same data gathering tech-
niques were used as with the cold test.

h C. Test cases 1 through 10 were then performed utilizing the
V same data gathering techniques as in the tests described in

A & B above. The tests were run in the following order:

Test Case No. Description

i

6 A&B&C&D Running, Trip C
7 A&B&D Running, Trip A&B&D

!

8 A&B&C&D Running, Trip C&A l

1 B&D Running, Trip B.
2 A&D Running, Trip A&D
4 A&B&D Running, Trip A
5 B&C&D Running, Trip B |
9 - A&B&C&D Running, Trip C&D
3 A&B Running, Trip A&B

,

10 A&B&C&D Running, Trip A&B&C&D l

8 (Rerun) A&B&C&D Running, Trip C&A |
9 (Rerun) A&B&C&D Running, Trip C&D ,

|
'

|
.

.
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2.2.3' RESULTS AND EVALUATION

A. Results of the cold coastdown test (no core) showed that
flow was present for approximately eighty seconds after the
trip of all pumps. The coastdown was smooth throughout
the transient. No acceptance criteria were given for a

-no core condition.

B. Results of the hot coastdown test (no core) showed that flow
was present for approximately one hundred and twenty seconds
after the trip of all pumps, a considerably longer coastdown
time than for cold conditions. As the specific weight of the
water is smaller at higher temperatures it is expected that
the coastdown time be longer. The coastdown was smooth
throughout the transient. No acceptance criteria were given
for a no core condition.

C. Summary of test cases 1 through 10 is provided utilizing
Figures 2.2-1 through 2.2-10. The lower curve on each page
represents the minimum time / flow relationship for each test
case. As can be seen, with the retests of test cases 8 and 9,
all cases met minimum requirements easily. Test case 6 re-
quired that ".. . flow must decrease to less than or equal to

-
O 95.3% of initial S.S. flow within 4.9 see."

! .

Initial steady state flow was 142.7 X 106 lb/hr and flow at
+ 4.9 seconds was 129.0 X 106 lb/hr, or 90.4% of the initial

;

S.S. flow. Test cases 8 and 9 required "... flow must decrease
to less than or equal to 95.3% of the initial steady state flow
within 2.2 seconds after trip." Case 8 flow was 95.0% and;

case 9 was 94.9% of initial S.S. flow.

2.2.4 CONCLUSION
i

.

Test results show that all acceptance criteria were met. Test
| instrumentation used was sufficient and performed well. Valuable
'

data was accumulated for proof of adequacy of system design para-
i meters.

|
|

|
.

O
|
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2.3 PRESSURIZER OPERATION dND SPRAY FLOW TEST

2.3.1 PURPOSE

The purposes of'tha Pressurizer Operation and Spray Flow Test
are listed below:

A. Evaluate calibration of pressurizer level setpoints and heater
interlock.

B. Evaluate proper functioning of pressurizer level controls.

C. By heat balance of the pressurizer, to set the spray flow.

D. By heat balance of the pressurizer, to set the bypass spray
flow.

E. Evaluate calibration and proper functioning of pressurizer
spray valve and heater controls and setpoints.

2.3.2 TEST METHOD

!.aO
A. The pressurizer level setpoints and heater interlocks were

checked by varying the pressurizer level under cold and no
pressure conditions. The cocual level was monitored via clear
tubing used as a sightglass.

The actual levels were compared with indicated levels and with
level switch actuation points. Data was recorded at all points.

B. The pressurizer level controls were tested by inducing transients
and acnitoring and recording data on the recovery response of the
controls.

C. The pressurizer spray flow was set before fuel loading. This
initial setting was accomplished during hot functional testing
'with the bypass spray flow valve closed. Since spray flow is
not measured'directly, a heat balance was used to determine the
actual spray flow. Heater input was measured using accurate
voltage and amperage measuring equipment, then calculating the
power input. When a proper flow was achieved by manually
opening the spray control valve and calculating heater input ,
to balance it, the intermediate position switches were set to
stop the valve at that point when automatically actuated.

,

i
,

.(''\ ,

\,,) :

|
2

a

!
'- 19 -

- . . - . _ _ - _ .



.-. .. -

ifG -

D. The bypass spray valve was set before and af ter initial fuel
loading by utilizing a method very similar to that used in
setting the main spray flow. Upon determination of the proper
setting for the valve, it was fixed in place.

E. The pressurizer spray valve and heater setpoints were tested
by taking hand control of the spray valve to check heater
setpoints and by taking hand control of a large heater bank to
check the spray valve setpoint. Pressures were varied and
switch actuation points were recorded.

2.3.3 RESULTS AND EVALUATION

Pressurizer controls, setpoints, and general performance were
tested per this procedure. All proved to be acceptable.

The following is a listing of test data and acceptance criteria:

A. Pressurizer Level Setpoints and Heater Interlock

Test Value Acceptance Criteria

1. Low-Low Level Alarm 37.75 inches 40 6.4 inches

2. Low-Low Level Interlock Functioned Function
of Heaters Properly Properly

3. Low Level Alarm 160.3 inches 160* 6.4 inches

4. High Level Alarm 217.5 inches 220 t 6.4 inches

5. High-High Level Alarm 272.8 inches 275 i 6.4 inches

B. Press'urizer Level Controls

1. Increased Letdown Flow Level cycles Constant, 6 inches
but remained
within accept-
ance criteria.

2. Change Setpoint Level increased Reach constant
and stabilized level with no
at new setpoint. valve hunting.

v)
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C. Setting of Spray Flow

Test Value Acceptance Criteria
'

I
I 1. Before Fuel Load with 160 gpm 170 10 gpm

3 RCP's

2. After Fuel Load with 192 gpm 190 + 19, -6 gpm
4 RCP's

D. Setting of Bypass Spray Flow

1. Before Fuel Load 1.04 gpm 1.0 + 0.5,-0.25 gpm

2. After Fuel Load 1.10 gym 1.0 + 0.5,-0.25 gpm

E. Heater and Spray Control Valve Setpoints
,

1. Heater Bank No. 1:

Completely On At 2135 psig 2135 16 psig

Completely Off At 2170 psig 2155 16 psig

2. Heater Bank No. 2:

Completely On At 2135 paig 2135 i 16 psig

Completely Off At 2170 psig 2155 t 16 psig

3. Heater Bank No. 3:
'

On At 2131 psig 2135 l6 psig

Off At 2154 psig 2155 t 16 psig

4. Heater Bank No. 4:

On At 2116 psig 2120 1 16 psig

Off At 2139 psig 2140 16 psig

5. Heater Bank No. 5:

On At 2101 psig 2105 16 psig

Off At 2125 rsig 2125 16 psig

.

)s_

,
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' Test Value Acceptance Criteria
,

6. Spray control Valve;

Opens At 2204 psig 2205 16 psig

7. Heater Banks Come On
and Off Sequentially Yes Yes
(No. 1 and No. 2
Operate together.)

2.3.4 CONCLUSION

From analysis of all test data, it was concluded that the operational
functions, controls and instrumentation, and spray flow are all
acceptable and satisfactory.

.

O
I

9

t

,

O
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V 2.4 POST HOT FUNCTIONAL TESI' INTERNALS INSPECTION

2.4.1 PURPOSE

The purpose of this inspection was to visually determine that
there was no unacceptable wear, galling, cracking, fretting,
loose parts, or distortion of the reactor vessel internals
following hot functional testing.

2.4.2 TEST METHOD

The following areas of the reactor vessel were visually inspected:

All major load bearing elements of the reactor internals relied

upon to reta*n the core structure in place; the lateral, vertical,
and torsional restraints provided within the vessel; those locking
and bolting devices whose /.ilure could adversely affect the
structural integrity of Lae internals; and the interior of the
reactor vessel for evidence of loose parts or foreign material.

2.4.3 RESULTS AND EVALUATION
.

The condition of the internals was found to be good with the
( exception of one surveillance specimen holder tube. One of the

hinges on the specimen holder was improperly installed and the
holder would not adequately lock in the retracted position. This
was corrected by the Babcock and Wilcox Company.

There were . numerous minor dents, scratches, and galls found but
none were considered significant. No bad welds, cr.acks, or loose
parts were found.

2.4.4 CONCLUSION

The acceptance criteria for this test were met in full without
deficiencies.

.
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2.5 INITIAL FUEL LOADING
'

.

2.5.1 INTRODUCTION

At 12:45 a.m. on May 29, 1974, the first fuel assembly, 1C25, was
removed from location B-9 in the spent fuel pool and loaded into
location N-14 in the ANO-1 core. Fuel loading was completed on
June 5, 1974 with the loading of fuel a'ssembly 1C02 and visual
verification of the core loading. Figure 2.5-1 shows the core
configuration as verified after loading.

During the fuel loading procedure the core neutron flux was measured
by two temporary incore detectors and one out-of-core source range
channel NI-2. All the detectors were of the BF-3 proportional type.
Only two detectors are actually required to be operating by the fuel
loading procedure. Plots of the inverse neutron count rate ratio

were kept independently for each detector channel. The plots of 1/m
versus number of fuel assemblies for the three detector channels are
-given in Figures 2.5-2, 2.5-3 and 2.5-4. New base count rates were

- established for a detector whenever the detector or a neutron startup
source was moved. The step-by-step loading procedure is shown in,

Table 2.5-1.

'

I 2.5.2
,

Fuel loading began af ter calibrating and source checking the neutron
detectors. The boron concentration in the reactor vessel, spent
fuel pool and reactor coolant system was greater than 1850 ppm. The
first two assemblies containing the neutron'startup sources were
placed in core positions N-14 and D-2. Fuel loading was continued
through fuel assembly 1C45 (Step No. 5). At this point fuel loading
was suspended while the fuel transfer mechanism' was being rep. tired'.
Two divers were sent into the deep end of t'e fuel transfer canal-h
to attach the' fuel transfer tube cover to the fuel transfer tube.

- Af te'r the. divers emerged from the fuel transfer canal, the fuel trar.s-
;

fer tube and fuel tilt pit were drained and pers.onnel entered to work |

on the fuel transfer mechanism. Repairs were nede and the area was
reflooded.

Fuel loading was resumed with fuel assembly 1C55 (Step No. 6) and
continued routinely through fuel assembly 1B46 (Step No. 25). After
1B46 was loaded, auxiliary detector B was removed from location P-10
for relocation to position M-7. At this point the holder for aux- 1

iliary detector B was discovered to be leaning approximately 30' from
the vertical. Using procedure 1701.03, Retrieval of Auxiliary Detector
Holder for Inspection, the detector was uprighted and removed for

O
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{y
inspection. The' detector holder and the top of the reactor
grid plate were inspected and no damage was observed. The

, detector-holder was replaced in position M-7. All detectors
were source. checked and a new base count rate was established.
Refueling resumed with fuel assembly 1A49 (Step No. 26).

After fuel assembly 1A24 (Step No. 46) was loaded, detector A
was moved from location H-14 to E-9 and a new base count rate
was established. At this time detector A was moved from loca-
tion E-9 to F-10 as per a temporary change to the fuel loading
procedure due to the low count rate at location E-9. A new
base count rate was established here. After loading fuel
assembly IB38 (Step No. 47), a mechanic was called in to repair

'7 the hydraulic pump on the reactor building side of the fuel
i upender. The pump was repaired.

Fuel loading was resumed; but when an attempt was made to seat
1B36 (Step No. 51) in location E-8, it would not seat. After re-
peated unsuccessful attempts to seat 1B36 in location E-8, an attempt
was made to seat 1B36 in location D-8. This attempt failed and fuel
assembly 1B36 was returned to the storage rack in the deep end of the
fuel transfer canal. The dummy fuel assembly was successfully seated
in location E-8. The dummy assembly was removed and another attempt
was made to seat 1B36. Fuel assembly 1B36 could not be seated and

|O was returned to the spent fuel pool for inspection.

A temporary procedure change was used to bypass Step No. 51 and con- i

tinue with fuel loading. Fuel assemblies 1A19, lA18, 1B54 and 1B19
were loaded to completely surround location E-8. Then, fuel assembly
1B36 was successfully loaded into location E-8. Fuel loading con-
tinued routinely through fuel assembly 1A51 (Step No. 80). Fuel
loading was halted when it was discovered that a cable on the fuel
mast and transfer mechanism had been sheared. The cable was replaced
and fuel loading continued without incident through fuel assembly
1C14 (Step No. 91). Fuel assembly 1C57 (Step No. 92) failed to seat
on several attempts. The dummy fuel assembly was seated in location-

K-2 which enabled a successful seating of IC57. Auxiliary detector
B was moved from location M-7 to locaticn L-1 and a new initial
count rate was established. Fuel loading continued through fuel-

assembly 1C01 (Step No. 123). Auxiliary detector A was moved from
,

F-10 to E-10 using a temporary procedure change. A new initial count i

rate was established. Fuel loading continued through fuel assembly,

1A43 (Step No. 132). Fuel _ assembly 1B52 would not seat until the
dummy assembly was loaded into location E-13 as a guide. Similar
loading difficulties were encountered with fuel assemblies 1C11 and
1B13. .

|

O
.
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\s / A discovery was sade that the indexing on the bridge was

approximately 1/8" off. This was corrected and fuel assembly
IC44 was loaded. Fuel loading continued routinely through
fuel assembly IC22 (Step No. 171). Auxiliary detector A was
relocated to location F-15 (Step No. 142A). New count rates
were determined for the neutron detectors. Fuel assembly IC50
was loaded using the dummy assembly as a guide. Fuel loading
continued through fuel assembly IC05 (Step No.177). Auxiliary
detector B was removed from the core and placed in the storage
rack in the deep end of the fuel transfer canal. Fuel assembly
IC41 (Step No.178) was placed in location L-1. Auxiliary
detector A was removed and fuel assembly IC02 (Step No.179)
was loaded into location F-15. Fuel loading was complete. The
fuel assembly identification numbers and locations were visually
verified.

.

2.5.3 RESULTS AND EVALUATION

I

The results of the initial fuel loading of Arkansas Nuclear One -
i

Unit 1 are detailed in section 2.5.2. Figures 2.5-1 through 2.5-4
summarize the results of fuel loading. Figure 2.5-1 is the core
configuration as visually verified following fuel loading. The
1/m plots maintained during fuel loading are shown in Figures 2.5-2 |

through 2.5-4. During fuel loading count rates greater than 2 cps ;

\ were maintained on the auxiliary detectors. After fuel loading was ;

complete, the final count rate on the permanently installed nuclear 1

instrumentation was greater than 3 cps. |

2.5.4 CONCLUSION

The initial fuel loading for ANO-1 was carried out in a safe and
orderly manner. The technique of using a dummy assembly as a guide
for an assembly _which would not seat initially was used as well as
" boxing in" a location with other assemblies before trying to reseat
an assembly which would not seat initially. These techniques allow-
ed all assemblies to be loaded with minimum delay.

.

S

/''

N-]N |

.
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TABLE 2.5-1

.

Fu Et. CONTAt NS FROM To ,-<
'

f C o1LE.STEP ASSEMS W CRA, ADSR 4
udM ts t a. I.D. t40. SPRA.CRA POSLTION

1 1C25 UJ4 (g) gp 3 9 N-14
I

2 1C04 033 (s) SP A-8 D-2
3 1C18 SP A-22 0-13
4 1C49 B47 SP E-22 N-13
5 1C45 B52 SP H.21 0-12

SP D-23 M-146 1C55 ---

7 1A39 C10 SP F-18 N-12
8 1A28 C09 SP K-16 M-13

,

9 1B14 B66 SP F-6 M-12
_

10 1B21 B32 SP G-7 L-13

11 1B12 B68 SP D-6 N-ll

12 1A56 A03 SP K-20 L-12
13 LA10 C29 SP E-14 M-ll

14 1B04 B57 SP F-4 L-ll

15 1B28 B40 SP H-8 K-12
lb 1553 Bb5 SP K-b M-lO

O 17 1A03 C43 SP E-13 L-10 '

._

18 1A13 C50 SP H-14 K-ll

19 1B42 B08 SP D-11 K-10
20 1B02 B09 SP D-4 L-9
21 1B47 B37 SP C-12 H-11
22 1A20 A04 SP H-15 N-10
23 1A27 C44 SP H-16 M-9
24 1B41 B28 SP C-ll Nm9

23 1846 B43 SP H-ll M-8
25A DetectorB RX P-10 M-7 __

26 1A49 Cll SP K-19 0-11

Z/ 1849 B31 SP E-12 0-10

28 1C09 020 SP A-13 P-12
29 1C25 SP B-12 P-ll

30 1A07 C56 SP K-13 K-9
31 1A25 C57 SP F-16 L-8 !

32 1A21 C55 SP K-15 H-10
33 1B30 B04 SP D-9 K-8

>

34 1B56 B02 SP K-7 H-9
35 1B26 C61 SP F-8 H-8 |

5 SP - SPtim FUEL Poot. 3 Ry, r. RE AC. TOP, CoR,E.

O
- 27 -

,-, __ _ _. -. . _ _ , __ . _ . _ _ __ .. _ _ . . _ _ _ _



_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ .. ._____ _ . . . _ ______ - . _ . . _ . . . _ . _ _. _
_

TABLE 2.5-1"

' . Fulf.t. CONTAINS FROM TO
f COME,

STEP ASSEHel.Y CRA,Aps4 4
woMeam 2.0, No. senA,CRA POStTION

36 1B27 B10 SP G-8 L-7
37 IB31 B07 SP E-9 G-10 _

38 1A12 C60 SP G-14 K-7

39 1A14 C54 SP K-14 0 -9 '

40 1B34 B03 SP H-9 H-7

41 1B33 B01 SP G-9 G-8

42 1A44 C58 SP D-19 G-7
1

43 1B01 B12 SP C-4 K-6
44 1B40 B06 SP H-10 F-9.

45 1A02 C59 SP D-13 H-6
46 1A24 C53 SP E-16 F-8

I

46A Detector A Rx H-14 E-9
i

47 1B38 Bll S P F- 10 G-b

48 1B25 B05 SP E-8 F-7
49 1A42 C51 SP K-18 F-6
50 1B45 B36 SP G-11 H-5

() 51 1B36 B30 SP D-10 E-8
52 1A19 C42 SP G-15 C-5 ;

53 1A18 C52 SP F-15 E-7 ,

',

j 54 1B54 B59 SP K-5 F-5
55 1B19 B62 SP E-7 E-6
36 1All C35 SP F-14 E-5
57 1B43 B33 SP E-ll G-4
58 1806 B27 SP H-4 D-7
39 1A33 A07 SP G-17 F-4
60 1A26 A08 SP G-16 D-6
61 1B58 B55 SP K-9 E-4
04 1B16 B67 SP H-6 D-5

'

63 1A35 C27 SP K-17 D-4.

e4 1B50 B31 SP F-12 F-3*

63 1B48 B22 SP D-12 _C-6
66 1A41 C21 SP H-18 E-3
el 1C48 B26 SP D-22 D-3
68 1C52 SP H-22 E-2
69 1A30 C23 SP D-17 C-5
/u [ 1C26 B21 SP B-10 C-4

3

$ SP = SDERT FVEL. 9001 3 Rg a BE ACTOR. COR.15:,
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TABLE 2.5-1
(. .

FU Et. CONTM NS FRor4 To ;
.

' COME.
! STEP ASSE MS t.Y CRA, ADSR 4

woMean I.o. No. senA, ORA Position
SP B-17 C-371 1C33 ---

72 1C24 003 SP B-8 B-4

73 1C54 SP C-23 B-5

74 1A43 C47 SP C-19 L-6

75 1A05 C48 SP G-13 K-5

76 1B05 B61 SP G-4 L-5

77 1 A06 C49 SP H-13 H-4
78 .1B57 B39 SP K-8 K-4

79 1A15 A06 SP C-15 L-4
80 1A51 C34 SP D-20 0-3
81 1B08 B35 SP E-5 H-3
82 1A38 C33 SP g-18 K-3

83 1B51 B41- SP G-12 L-3

84 1C13 C20 SP A-17 F-2
85 1B24 B16 SP D-8 G-2
06 ~iC59 C19 SP A-23 H-2

4

ci Anou niv sr K-11 K-Z

O 88 1C10 C18 SP A-14 L-2~
89 1C43 SP F-21 F-1
90 1C37 SP B-21 G-1

j 91 1C14 SP A-18 H-1
i 92 1C57' SP F-23 K-1

92A Detector B Rx M-7 L-1

93 1C17 C14 SP A-21 P-10
94 1C03 SP A-7 R-10
95 1A01 C30 SP C-13 0-9
96 1B61 B13 SP K -12 P-9

.SP K-23 R-997 1C60 -

98 1A45 C45 SP E-19 N-8
99 1B23 B38 SP C-8 O-8

100 1C23 C13 SP B-7- P-8
101 1C30 SP B-14 R-8
102 1A55 C46 SP H-20 M-7
103 1B37 B45 SP E-10 N-7
104 1A47 C31 SP G-19 0-7
105 1829 B14 SP C-9 P-7

,

5 SP - SPGRT FVEl. Poot. ; R g a R E AC.T OR. COP,E:.

.

O
.
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TABLE 2.5-1,-

.

. t

1

F u f.t. CONTAt NS FRoe4 To
' CC1RW.* STEP ASS E MSt.Y CRA, ApsR 4

woM tsa m. ::.o. No. senA,onA PostTierJ' .

106 1C40 SP C-21 R-7
107 1B03 B64 SP_E-4 M-6 |
108 1A53 A05 SP F-20 N-6
109 1B22 B49 SP H-7 0-6
110 1C16 CO2 SP A-20 P-6
111 IC42 SP E-21 R-6
112 1A52 C32 SP E-20 M-5
113 1B39 B53 SP G-10 N-5

____114 _lA46 C05 E" F -19 O-5
SF K-22 P-5115 1C53 ---

116 1B15 B63 SP G-6 M-4
117 LA29 C16 SP C-17 N-4
118 1C47 B48 SP C-22 0-4

119 1A37 C17 SP D-18 M-3
120 1C46 B29 SP K-21 N-3
121 1C32 SP B-16 0-3<

O 122 1C51 SP G-22 M-2
123 1001 SP A-5 N-2 !

'

'

124 1A22 C39 SP C-16 F-10
i 125 1A17 C40 SP E-15 G-ll ;

'12t 1B3) Bbu SP C-10 F-ll

127 1A08 C41 SP C-14 H-l?
3

, 128 1B32 B34 , SP F-9 G-12
l 129 1A32 A02 SP F-17 F-12

130 1A36 C.' 8 SP C-18 K-13
131 1B09 B50 SP F-5 H-13.

132 1A48 C27 SP H-19 G-13
'

lJ3 AB32 B42 SP H-12 F-13

134 1Cll C08 SP A-15 L-14 .

__

135 1810 B20 SP G-5 K-14
136 1C20 C07 SP B-4_ ,H-14 1

137 1B13 B15 SP E-6 G-14
138 1C06 C06 SP A-10 F-14
139 1C44 SP G-21' L-15

140 1CJb SF B-ZC K-15
141 AUla bY A-lS H-13

$ SP d SPORr FUEL. Poot i R y, = P E ACT OR. COR,E:,

O
.
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TABLE 2.5-1,

.

FUEt. CcNTAtNS FRon To
f CC1 ELESTEP ASSEMst.Y CRA, ADSR 4

WOM S ER. I.D. t40. SPRA,0RA Po$lTIOM

142 1C59 SP H-23 G-15

142A letector A Rx E-9 F-15
143 1C12 C24 SP A .16 B-6
144 1C34 SF B-18 A-6
145 1A23 C36 SP D-16 C-7
146 1B20 B18 SP F-7 B-7
147 1C58 SP G-23 A-7
148 1A16 C37 SP D-15 D-8
149 1B07 B23 SP D-5 C-6'
150 1C38 C01 SP B-22 B-8

151 1C21 SP B-5 A-8

! 152 1A09 C38 SP D-14 E-9
153 1B44 B46 SP F-ll D-9i

154 1A40 GZ3 SF U-15 C-9!

155 1559 B17 SP K-10 B-9'

lac 1Gao sr E-4J A-9

O' 157 1B18 B56 SP D-7 E-lC

153 lA54 A01 SP G-20 D-10
t 159 1B53 B24 SP K-4 C-10

160 1C31 C12 SP B-15 B-10
,

161 1C35 SP B-19 A-10
162 LA50 C26 SP C-20 E-ll

163 1B17 B54 SP C-7 D-ll

164 1A04 C03 SP F-13 C-11
165 1C39 --r- SP B-23 B-ll

~

166 1B11 B58 SP C-6 E-12
167 1A31 C04 SP E-17 D-12

,

168 1C27 B25 SP B-11 C-12
169 .lA34 C15 SP H-17 E-13
170 1C29 B44 SP B-12 D-13
171 1C22 SP B-6 C-13
172 1C50 SP F-22 E-14
173 1C07 SP A-1] D-14
174 1C25 032 (s) Rx N-14 P-4>

175 1C08 SP A-12 N-14
176 1C04 033 (s) Rx D-2 B-12

5 SP = .*.,Poilrr Funt.' Poot. 3 R x :. fLE AC.T oR. CoPJh.

O-
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TABLE 2.5-1,

.

I

FUEL. Cot 4TAihla FROM. To' '-

' CORE.STEP ASSE mbt.Y CRA, APSR 4
MOM S EM. I.D. f40. SPRA, ORA f'cStTION

177 1C05 SP A-9 D-Z

177A Detecter B Rx L-1 Remove

178 1C41 SP D-21 L-1
178A Detector A Rx F-15 Remove

,

179 1C02 SP A-6 F-15

. |
!- i

\.
i

._
i

.i

i
i

!
--

i

I
1

I

.

__

E SP EPEW FVEL. POOL. 3 Rg a. RE ACTOR. CoR.E;,'

1"

4

%
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I. ', FIGURE 2.5-1
,
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2.6 CONTROL ROD DRIVE DROP' TIME TEST

2.6.1 PURPOSE

The purpose of the Control Rod Drive Drop Time Test was to verify
the integrated, functional trip capability of the Control Rod
Drive Cystem and to determine for each control rod assembly, the
total elapsed drop time from the initiation of a trip signal until
the control rod assembly was three-fourths inserted.

2.6.2 TEST METHOD

This test was conducted at various combinations of reactor coolant
flow, pressure and temperature as follows:

Test
Condition Flow Pressure Temperature

1 No Flow >350 psig >400* F
_

2 One Pump Each Loop >350 psig Test 1 10*F
_

h) 3 Four Pumps 2155 30 psig 532 10* Fv
'

At each condition,' control Rod Groups 1 through 7 were driven,
sequentially, to the fully withdrawn position. A manual trip of
all control rod drives was then initiated and, coincidentally, a_,

time signal was provided to the data logging equipment. As each
control rod assembly reached the three-fourths insertion position, |

a second time signal was provided to the data logging devices from |

a switch located on each control rod drive's position indicator tube.
,

The total elapsed time from the initiation of a trip signal until |three-fourths insertion was then determined for each control rod i

drive from the data acquired.

The total drop time for each rod by core location in milliseconds
was recorded along with the date, time, number of reactor coolant
pumps operating, reactor coolant flow, reactor coolant temperature,
and reactor coolant pressure.

2.6.3 RESULTS .UiD EVALUATION

An analysis of the drop times indicated that at Test Condition 1
rod H-4 was fastest at 1.012 seconds and rod D-12 was the slowest
at 1.056 seconds. For Test Condition 2, rods H-4 and K-7 were

(3V

.
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fastest at 1.078 seconds, and H-14 was slowest at 1.106 seconds.
For. Test Condition 3, rod L-2 was fastest at 1.139 seconds, and
L-8 was slowest at 1.177 seconds.

Rod L-8 (the slowest) and L-2 (the fastest) were dropped an
additional 10 times and produced drop times within 23 ms and
14 ms, respectively.

' 2.6.4 CONCLUSIONS

The rod drop times were well below the acceptance criteria stated
in Section 4.7 of the Technical Specifications, of 1.66 seconds
at full flow and 1.40 seconds at no ficw conditions. Also, as
would be expected, all drop times under flow conditions were longer
than under no flow conditions.

O
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2.7 ZEROPOWERPHNSICSTEST'

2.7.1 PURPOSE

The purpose of the Zero Power Physics Test was to verify the
nuclear design parameters used in the safety analysis, the Tech-
nical Specification limits, and the operational parameters. This
test was conducted after initial fuel loading and before power
escalation. Testing was performed at 532* F and 2155 psig. The
test included the following measurements:

a) Initial criticality.
b) Nuclear instrumentation overlap between the source and

intermediate range.
c) "All Rods Out" critical boron concentration.
d) Differential and integral control rod worth,
e) Differential boron worth,
f) Ejected control rod worth.
g) Stuck control rod worth,
h) Temperature coefficients as a function of boron concentration.

2.7.2 TEST METHOD

!

[/D Initial criticality was achieved by control rod withdrawal and boron |\~- dilution of the Reactor Coolant System af ter system conditions had
been established at 532*F and 2155 psig. During the initial approach
to criticality a plot of inverse neutron count rate ratio versus
boron concentration and tbne was maintained by using channels NI-l

.

I

and NI-2 of the nuclear instrumentation. After achieving criticality,
nuclear power was increased and the source and intermediate range
nuclear instrumentation overlap was verified to be in excess of one
decade. During this same increase in power, the sensible heating
point was determined and the upper power limit for Zero Power Physics
testing was established.

!

Physics testing was then conducted including the following measure-
ments:

j

a) "All Rods Out" critical boron concentration,
b) Temperature coefficient of reactivity at four boron concentrations.
c) Differential and integral rod worth of Control Rod Groups 8, 7, i

6, 5 and part of Group 4 by the rod versus boron swap technique,
d) Integral rod worth of Control Rod Groups 1, 2, and 3 and part

of Control Rod Group 4 by the rod drop technique.
3e) Stuck rod worth by the rod drop technique.
|f) Ejected rod worth by the rod swap and rod drop technique.

-g) Differential boron worth.

- 39 -
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! The procedure for the approach to initial criticality from the
'inicial condition ~of 1848 ppmB was as follows:

a) . Control Rod Group withdrawal:

Group 1 200% Withdrawn
Group 2~ fl00% Withdrawn
Group 3 100% Withdrawn

*

Group 4 100% Withdrawn
Group 8 100% Withdrawn
Group 5 100% Withdrawn

: Group 6 100% Withdrawn
'

Group 7 75% Withdrawn

b) Deboration from 1848 ppab to the critical boron concentration
.

using a feed and bleed rate of approximately 20 gallons per
minute. When criticality was imminent, Group 7 was withdrawn

)
4

'

to 82% to establish a positive startup rate and verify criticality. '

Throughout the approach to criticality, plots of the inverse neutron
'

count rate versus Boron concentration and versus deboration time were j
maintained. These plots were used to project .the Boron concentration
and time at which. criticality would be achieved.

2.7.3 RESULTS AND EVALUATION
!

: i

2.7.3.1 Initial Criticality

, Initial criticality was achieved August 6, 1974 at 0602
hours at reactor coolant conditions of 532*F and 2155 psig.

i Plots of inverse neutron count rate ratio versus time and
; .versus boron concentration during the approach to initial

criticality are presented in Figures 2.7 -1 through 2.7 -4.
Initial criticality was achieved in a safe and orderly
manner. Analyzed results indicate good agreement between
predicted and measured criticality end points.

4-
,

]
2.7.3.2. Nuclear-Instrumentation Overlap j

l<
' ' Technical Specifications require that prior to operation in
j- the intermediate nuclear instrumentation range, at least
'

'a one decade overlap between the source range and intermediate
range must be observed.

To satisfy the overlap requirements, after initial critical-
ity was reached, core power was slowly increased until the

i

intermediate range channels came on scale. Detector signal i

'

1
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(A)
''' respons'e was then recorded for both the intermediate and

source range channels until the required decade of over-
lap was achieved. The results of the nuclear instrumen-
tation overlap data is listed in table 2.7 -1.

2.7.3.3 Determination of Sensible Heat

The power level at which sensible heat is produced is
important to the physics test program in that by restrict-
ing reactor power operation to below the sensible heat level
the effects of temperature feedback are eliminated in the
measurement of the physics parameters. |

The determination of sensible heat from the core was i
accomplished by raising the neutron flux in small incre-
ments and observing neutron flux. RCS temperature,
pressurizer level and turbine bypass valve position.
When an increase in these parameters was indicated, the
neutron flux level was designated as the level at which
sensible neutron produced heat is present. the average
intermediate range current reading was 9 x 10-8 amps.
This level was reduced by a factor of 5 and established
as the upper level for *ZIPT.

\_,) 2.7.3.4 "All Rods Out" Critical Boron Concentration

The "All Rods Out" critical boron concentration measure-
ment was made with Control Rod Group 7 partially inserted.
The measured boron concentrations were adjusted to the "All
Rods Out" condition using the results of rod worth measure-
ments to determine the reactivity worth, in terms of boron
concentration, of the inserted control rods. The measured
Boron concentration for all rods out was 1602 ppmB which
compared favorably with the predicted value of 1634 ppm 3
and is within the acceptance criterion of 1100 ppmB.

2.7.3.5 Control Rod Group Worths

The configuration of control rod groups in the Reactor Core
is shown in Figure 2.7 -5,

Calculated and measured beginning of life (BOL) control rod
group reactivity worths for the normal calculations were
made using the PDQ-7 computer code with either a two or
three-dimensional description of the core. The rod / boron
swap method was used to determine integral and differential
worth for Rod Groups 8, 7, 6, 5 and part of 4. This method
consisted of establishing a boration or deboration rate and

r"" compensating for the change in reactivity by small step

( )3_ changes in rod group positions.,

.
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The rod drop method was used to determine the worth |

cf control rod groups not measured by boron swap. For |
.

each measurement, the reactor was adjusted to criticality |

with all of the control rod g.roups to be measured out i

of the core and at a power level near the Zero Power
Physics test upper power limit. The control rod groups
being measured were then tripped.

Besed on previous experience of Oconee Units 11uul 2 and |
TMI Unit 1, it was predicted that rod drop measurements |

would yield values approximately 74 percent or the correct '

value when considerably more the 1% AK/K was being inserted.
The results were consistent with these expectations. Table
2.7 -2 compares the calculated and the corrected measured
results (1.35 correction factor applied) for the rod drop
from Group 5 at 23% withdrawn. The results show that the
corrected measured value compares favorably with the pre-
dicted value.

The results of both the predicted control rod group worths
and the measured control rod group worths are tabulated in
Table 2.7-3. Control Rod Groups 1 through 4 were tabulated
as one group, since the groups were measured as one unit.
The total worth of Control Rod Groups 1 through 4 were.

tabulated as one group, since the groups were measured by
taking the data of the control rod drops from 24 and 23
percent withdrawn on Control Rod Group 5 and from 40 percent
on Control Rod Group 4. The data from the boron swap method
was then used to calculate the total worth of Control Rod
Groups 1 through 4. The tabulated number is the average of
the three measurements. The results are within the accept-

ance criteria for rod worth measurements.

The results of the measured differential control rod groups
worths are plotted in Figure 2.7:6 for Control Rod Group 8.

position at 23.5%.

The shape of the integral curve for Control Groups 5
through 7 is shown in Figure 2.7-7. APSR's are 23.5%
withdrawn.

2.7.3.6 Soluble Poison Worths

Measurements of the soluble poison differential worths were
made at two different boron concentrations at 532*F. The
measured values were determined by summing the incremental
reactivity values measured durtig the rod worth measurements

over a known boron concentration range.

O
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Measured differential soluble poison worths are com-
pared with predicted results in Table 2.7-4 and Figure
2.7-8. The measured values were within 3.5 percent
of the calculated worths.

4

2.7.3.7 Ejected Control Rod Worths
1

:
! Pseudo ejected control rod reactivity worth was measured

,

for rod L-14. The purpose of this measurement was to verify '-

the safety analysis calculations relating to the assumed-

accidental ejection of the most reactive control rod during '

power operation. The acceptance criterion for this measure-
ment was that the reactivity worth of the most reactive con-

i trol rod does not exceed .9% aK/K at 532*F, 2155 psig, zero
power conditions. The criteria was reduced from the 1.0%

' aK/K predicted value to .9% AK/K in the conservative direct- '

ion to allow for measurement errors. '

The ejected rod worth was measured using rod swap and rod4-

drop techniques. The calculated and measured ejected rod
worths are tabulated in Table 2.7 -5. The maximum ejected
control rod worth was determined to be .664% AK/K.

2.7.3.8 Stuck Control Rod Worth

The purpose of the stuck rod worth measurements at zero
power were to verify that the calculated stuck rod worths
are conservative compared to the measured results. The-

; method used in measuring the simulated stuck rod worths
; involves taking the difference between a rod drop during
' which all rods (except Grp. 8) that are withdrawn are
; dropped from criticality and another rod drop in which
' all the~nbove rods except the stuck rod are dropped.

The results of both predicted and^ measured stuck rod worths
are given in Table 2.7-6. The low value of the eight mea-

'

anrements was discarded. The average of the seven remain-
! ing measurements is 3.47% aK/K. The difference between the

measured and predicted worth is attributed to the use of tb-
rod drop measurement pathod. This does not, however, affect'

unit safety, since the maximum predicted stuck rod worth of-
3.91% AK/K is used in determining available shutdown margin.

2.7.3.9 Temperature Coefficient of Reactivity
;-

The temperature coefficient of reactivity is defined as the
fractional change in the reactivity of the core per' unit i

change in core temperatur,e. Temperature coefficients were I

measured for various soluble poison concentrations.. |

,

I

.
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The measbrements were made by initially decreasing the
reactor coolant temperature by 5'F and then increasing
the temperature by approximately 10*F. The temperature
was then decreased to 532*F. The change in the position
of the inserted control rod group was recorded and con-
verted to a change in reactivity.

The results of both the predicted and measured temperature
coefficients are plotted in Figure 2.7-9. This curve also
contains the measured aad predicted moderator coefficient
of reactivity which is defined as the fractional change in<

the reactivity of the core per unit change in moderator i

temperature.

All measured temperature coefficients of reactivity were i

within the acceptance criteria of i 0.4x10-4 AK/K/ F of 1

the predicted value. In. addition, calculation of the mod-
erator coefficient indicates that it is well within the
requirements of less than +.5x10-4 AK/K/*F per Technical

,

Specifications, j

2.7.4 CONCLUSIONS

Zero Power Physics Testing commenced on August 6,1975 and was

C) completed on August 8,1974, with good agreement between measured
,and predicted results. A summary of each of the measurements per- '

formed during the Zero Power Physics Test is given below.

(a) Initial Criticality :

|
'Initial Criticality was achieved at 0602 hours on August 6,

1974. The approach to criticality was performed in a safe
and orderly manner.

(b) Nuclear Instrumentation Overlap

Nuclear instrumentation overlap was verified to be in excess
of one decade between the source and intermediate range. The
minimum acceptable overlap is one decade.

(c) "All Rods Out" Boron Concentration

The measured "All Rods Out" boron concentration was 1602 ppmB
at 532*F as compared to the predicted value of 1634 ppmB.

(d) Control Rod Group Worths

Control rod group integral and differential reactivity worths

O
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were calculated by rod / boron swap and rod drop measurements.
The measurement of rod worth by rod / boron swap indicated
good agreement between the measured and calculated group
worths. Good correlation was obtained for rod drop measure-
ments when compared with expected measured worths.

i

'(e) Soluble Poison Worths

Measured differential baron reactivity worths of 1.024%
AK/K/100 ppm at 1492 ppm and 1.036% 4K/K/100 ppm at 1354
ppm were determined. Comparison of these values to the pre-
dicted values showed that the measured values were within
3.5 percent of calculated worths. |

(f) Ejected Control Rod Worths

The maximum ejected control rod worth was determined to be
0.664% AK/K, which ensured that Technical Specification

i 3.5.2 vill be met at zero power.

(g) Stuck Control Rod Worth |;

The measured stuck rod worth of 3.47% AK/K was less than the,

) calculated value due to the rod drop measurement method
utilized. This does not, however, affect unit safety, since
the maximum calculated stuck rod worth of 3.91% AK/K is used
in determining available shutdown margin.

(h) Temperature Coefficient of Reactivity

Measured temperature coefficient of reactivity at 532*F was
within the acceptance criteria of ! 0.4x10-4 AK/K/*F of the
predicted value. In addition, calculation of the oderator
coefficient indicates that it is well within the sequirements |

of Technical Specification 3.1.7.

.

9
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' FIGURE 2.7--

,

.

V

i* SOURCE RANGE INPEMEDIA'IE RANGE .

TIME HCS

24 HOUR ~ T-AVE. NI-l' CPS 1E-2 CPS NI-3 AMPS NI-4 AMPS

CIOCK DEU-F CONSOm CABINET CONSOM CABI}EP CONSOM CABINEP CONSOE CABINET

C807 532 4.5x103 3.5x103 5x10 4x103 off scale orr scale orr scale orr scale3
~

4 1.5x10-H 1.9x10-H orr scale off scale4 4 1.91, 0
0820 532 1.0x10 5x103 1.1x10

0838 532 1.8x104 1.7x10 2x10 1.9x10 2.5x10-ll 3x10-ll 2.5x10-ll 3.5x10-ll4 4 4

5 5 2x105 2x105 3x10-10 3x10-10 3x10-10 3x10-10
0852 532 1.8x10 1 7x10

I
.

i

j. .

-

SOURCE RANGE HIoH VOLTA 0E CU1WF CURRENr 1x10-9 1x10-9 I

k
(APPROX. lv10-9 AMPS) ,

i

SOURCE RANGE HIoH VOLTA 0E CUN)N CURRENF 5x10-10 5x10-10 ;

(APPH0X. 5x10-10 AMPS) i
'

!

* t
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00t!PARISON OF PREDICTED AND CORRECIID !!EASURED C0tifROL ROD GROUP REACTIVITY NOIU11S
:

Ibderator Temperature at 532*F, APSR's at 23.5% wd (ROD DROP)
_.

-

Ibd Orcup Ibsition Predicted Corrected Measured Deviation from
Ntaber Interval Worth, % Ak/K Worth, 5 Ak/k Calculated

% ul Worth

1 0 + 100 89 --

2 0 + 100 3 01
5.70 6.48 -3.32t

3 o + 100 .74 -

,

'

4 0 + 100 1.86

5- ' o + 23 .20-
-,

t
'

.
,

i
'

g

*
. .

%

e

9

9

e

G

t
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TABLE 2.7-3 -
i: .

031PARISON OF PREDICIED AND N N D GRCUP M N m
.

Moderator b w -at e at 532F, APSR's at 23.5% wi
'

Predicted Measured
'' W No. Ibds Worth, %AK/K Worth, faK/K

1 8 |
'

2 8 -6.50 -6.15
3 8

*4 8
'

5 12 _1.07 _1.og
6 8 -1.22 -1.14 -

7 9 -1.20 -1.05
8 8 _o -0 37

Total V .. g gg
, _

_

i
!

.

. . . . .

-

.g
.-

e

e

S

e

*

,.

s

% -

.

.
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TABIli 2.7N .
- - ''

.

DIFFEENTIAL BORON REAUf1VITY WORIH AT 532 P MODDIATOR TDfERATURES
g.

*

Critical Conditions
Measumd . Predicted

Terry Boron Conc. Avg. Boron A Boron Ap Differential Diffemntial
F Rod Position ppm Concentration Concentration % Ak/k Baron' Worth Boron Worth

ppm . ppm 5 akAc/100 ppm % ak/k/100 porn
.

532 cao 7 76% wd 1549.
cao 8 23.5% wd .

532 cao 6 71.5% wd 1492 114 1.167 1.024 1.06
caa 8 23.5% wd 1435

'

.

532 cao 6 76.0% ud 14414g
cao 8 23.5% ud .

,

532 ca0 5 19.5% wd 1354 183 1.895 1.036 1.07
cao 8 23.5% wd 1261

-
.

,

.

j.

. ,

e e

- .

l

.
'

1
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. TABLE 2.7-5

k FJECTED CONIROL ROD REACTIVITY AT ZK POWER, 532*F
_

' '

. ' Predicted Control Rod Measured
Rod Ejected Ejected Rod Worth Group Positions Ejected Rod North*

-Transient Rod 1.00% AK/K CRG 8 23.5% wd .664% AK/K,

L-14 (7-4 ) . CRG 4 at 47% ud
.

.

.

.

.

'

TABLE 2.7 -6
.

SIUCK CONTROL RCD REACTIVITY AT ZERO POWER, 532*F.

Predicted Stuck Measured Stuck-

b Rod Worth Control Rod Rod Worth
SIUCK ROD %AK/K Group Positions %AK/K

Rod H-2 3.91 CRG 8 23.5% wd 4.121
(4-7) CRG 7 72.0% wd

Rod H-14 3.91 CRG 8 25.0% wd 3.102
(4-3) CRG 7 76.0% wd

Rod H-2 3.91 CRG 8 24.5% wd 3.662
(4-7) CRG 6 73% wd -

,

Rod H-14 3.91 CRG 8 23% wd 2.861
(4-3) CRG 6 74% wd

Rod H-2 3.91 CRG 8-24% wd 3.04
*

(4.7) CRG 5 23% wd

Rod H-14 3.91
'

CRG 8 24% wd 2.64
(4-3)' CRG 5 24% wd

Rod H-2 3.91 CRG 8 23.5% wd 3.74
(4-7) CRG 3 61% wd

O Rod H-14 3.91 CRG 8 23.5% wd 3.74
! (4.3) CRG 3 62.0% wd

Average' 3.91 Average * 3.47
,

|. .

,

i * 9~znruWket RFuwLAarr.rv&ruka-
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* FIGURE 2.7-6

Differential Rod Worth - vs -
Position for Zero Power Conditions
and APSR's at 23.5% WD (Groups 5-7)
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FIGURE 2.7-9 :,

Tenperature Coefficients of Reactivity Vs Boron.,

- Concentration at 532 0F, 2155 psi, O EFPD
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2.8 LOSS OF OFF4ITE POWER TEST

2.8.1 PURPOSE

The purpose of this test was to demonstrate that the unit could

safely sustain a loss of off-site power without exceeding any
plant safety limits while maintaining the main turbine generator
on line supplying auxiliary house load.

2.8.2 TEST METHOD

*

The test was performed with the main turbine generator on line
at a steady state power level of 15% full power and with main
feedwater pump, turbine control system, turbine bypass valves,
and diamond control rod drive system control stations in manual.
The unit was then isolated from all off-site power by isolating
the startup transformers from the plant and then separating the
unit from the grid.

2.8.3 RESULTS AND EVALUATION

3 When the circuit breakers were opened the turbine header pressure
/ increased rapidly from approximately 887 to 932 psig. The rapid,

'' increase in header pressure caused reactor temperature to increase
about 7'F. With a Baron concentration of approximately 1284 ppm
and moderator coefficient of +0.18 x 10 " (AK/K)/*F the increase
in reactor temperature caused reactor power to increase by about
3% full power. This, in turn, caused a further increase of average

,reactor temperature to 594*F. The pressurizer level increased |
about 97 in, to 282 in. which was 8 in. below the administrative l

upper limit of 290 in. This pressurizer level increase resulted
in an increase of reactor pressure to approximately 2265 psig. The )
transient was manually terminated by the operator by decreasing |.

power to approximately 14% full power to decrease steam flow and :
allow the turbine bypass valves to control header pressure.

.

2.8.4 CONOLUSIONS

The startup transformers were not required to carry plant load
during this test and no safety limits were exceeded. Therefore;
the test demonstrated satisfactorily that the unit could sustain
a loss of offsite power as required.

.

9
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2.9 REMOTE SHUTDOWN TEST

2,9.1 PURPOSE,

The purpose of this test was to demonstrate that the unit could
be brought safely to bot shutdown conditions from outside the
control room.

2.9.2 TEST METHOD-
4

The test was initiated 'at the 15% power level with normal system
lineups for that power level by opening the CRD breakers manually.

; Operations personnel were dispatched to remote shutdown stations
to monitor and perform required operations.

2.9.3 RESULTS AND EVALUATION
/

, It was anticipated that if all plant systems functioned automatically;
'

steam generator levels would stabilize at approximately 30 inches,
pressurizer level at approximately 180 inches, reactor coolant press--

ure at approximately 2155 psig, and reactor coolant temperature at
approximately 555_'F. During the conduct of the test, the reactor
coolant temperature and pressure, pressurizer level, and steam head-
er pressure dropped more than anticipated.- This was caused by an
atmospheric dump valve _which had stuck open. Additional makeup flow
was necessary to maintain pressurizer level and reactor coolant
pressure, which dropped to minimum values of approximately 22 inches
and 1850 psig respectively. Reactor coolant temperature was stab-

:llized at 526*F. The atmospheric dump valve was isolated, control
of the pressurizer heaters was regained, and system parameters be-
gan to return to normal for hot shutdown. During the plant cooldown,
after completion of this test, it was discovered that a code safety
valve had stuck open on the other steam header which further contri-
buted to the unexpected cooldown rate.

2.9.4 CONCLUSION

.The test was-perforn:ed according to procedure, crew actions were
observed to be correct and well coordinated, and plan't response
would have been essentially as predicted had the steam relief
valves not stuck open.

,

* W
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2.10 NUCLEAR INSTRUMENTATION CALIBRATION AT POWER
.

- 2.10.1 PURPOSE

The purpose of Nuclear Instrumentation Calibration at Power was
to calibrate the power range nuclear instrumentation indication
to within 2%FP of the reactor thermal power as determined by a
heat balance and to within 5 percent incore axial offset as de-
termined by the incore monitoring system. Additional purposes
during the power escalation program were as follows:

(a) To adjust the high power level trip setpoint when required
by the power escalation procedure.

(b) To verify that at least one decade overlap existed between
the intermediate and power range nuclear instrumentation.

Two acceptance criteria are specified for nuclear instrumentation
calibration at power as listed below.

(1) The power range nuclear instrumentation indicates the power
level within 2%FP of the power level indicated by heat |

balance and within 15 percent incore axial offset as deter-
v mined by the incore detectors.

(2) The high power level trip bistable is set to trip at the de-
sired value within +0.0, -0.3%FP.

2.10.2 TEST METHOD

As required during power escalation, the top and bottom linear
amplifier gains were adjusted in order that the peur.r tenge nu-
clear instrumentation channels would indicate the power celcul-
ated by heat balance, and the axial offset as determined by the
ince e monitoring system.

i Duritg initial adjustments, data were also taken to verify over-
lap between the intermediate and power range channels. The re-
quired overlap was a minimum of one decade between these two nu-
clear instrumentation ranges.

.

.d

.
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When directed by the power escalation procedure, the high flux
trip bistable setpoint was adjusted, The major settings during
power escalation are given below:

Test Plateau Bistable Setpoint
%FP- %FP

u 135
40 550
75 $85

100 <105.5
.

2.10.3 RESULTS AND EVALUATION

An analysis of test results indicated that changes in Reactor
Coolant System boron concentration, changes in control rod con-
figuration, and xenon buildup or burnout affected the power as
observed by'the nuclear instrumentation. This was as expected
since the power range nuclear instrumentation measures reactor
neutron leakage which is directly related to the above changes
in system conditions. Changes in these system conditions result-
ed in a nuclear power range increase or decrease of approximately
3 to 5%'FP. Each time that it was necessary to calibrate the

O power range nuclear instrumentation, the acceptance criteria of
calibration to within 2.0%FP of the heat balance power was met
without difficulty. Also, each time it was necessary to calibrate4

the power range nuclear instrumentation, the axial power offset,

acceptance criteria as determined by the incore monitoring system
was also ret. Table 2.10-1 is a sunanary of the data taken during
calibration at different power levels during power escalation test-
ing.- In all cases, the nuclear instrumentation was adjusted to
within i 2.0%FP of the heat balance and to within i 5% incore ax-
ial power offset.

,

The high flux level trip histable was adjusted to 35, 50, 85 and
105.5% FP prior to escalation of power to 15, 40, 75 and 100% FP,
respectively. Acceptance criteria of adjusting the setpoint to the
above values within +0.0, -0.3% FP was met each time without diffi-
culty. The maximum trip error observed was approximately 0.1% FP.

The overlap measured during the startup program included the total
span of the power range, exceeding the one-decade overlap require-
ment. Figure 2.10-1 shows the overlap of all three nuclear instru-
mentation channels.

-|.

1
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2.10.4 CONCLUSIONS

The power range channels were calibrated to within two percent
of total power several times during the startup program. These
calibrations were required due to power level, boron, and/or
control rod configuration changes during the program. Acceptance
criteria for nuclear instrumentation calibration at power were
met in all instances.

.
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TABLE 2.10-1 -

.

Summary of Nuclear Instrumentation Calibrations at Power
\'

Core Incore Maximum Power Before and At ter Calib.(IFF) . Ottset Bef ore and Af ter Calib. (X)
Power Offset Quad Tilt
(IFP) (%) (%) NI-5 U "-6 NI-7 NI-8 NI-5 NI-6 NI,-7 NI-8

15.2 15.2 15.3 15.5 -22.7 -20.2 -21.1 -22.5
12.6 '- 2.5 -0.2 12.6. 12.6- 12.6 12.6 - 2.4 . 2.4 - 2.4 - 2.4

*

.
,-

' 25.8 26.2 25.8 26.3 -10.6 ' 11.2 -10.4 -10.2-

26.0 -10.9 -0.08 25.8 26.2 25.8 26.3 -10.6 -11.2 -10.4 - -10.2
i

: 34.5 34.7 34.4 35.0 -19.3 -20.4 -18.2 -18.4
38.6 -14.0 -0.08 38.8 38.8 38.8 38.8 -13.1 -13.1 -13.1 -13.1

:

$ 40.0 40.0 40.0 39.7 - 7.6 - 7.3 - 8.1 - 7.9
,e 40.0 -13.0 +0.08 40.0 40.0 40.0 40.0 -12.0 -11.5 -11.5 -12.0

e

39.1 39.3 38.9 39.2 -11.4 -10.8 -11.1 -11.5
. 40.8 - 15 .4 +0.08 40.8 40.8' 40.6 40.6 -15.0 -15.0 -14.8 -15.0

*

.

59.1 59.4 59.1 59.2 -17.5 -18.0 -17.3 -17.4
-

~~ 60.1 -10.5 10.08 59.8 59.8 59.1 58.8 -10.9 - 9.7 -11.8 -12.0
.

74.2 74.0 73.4 72.6 -14.3 -12.6 -15.0 -14.9
I 77.0 -22.6 0.08 77.3 76.6 76.7 ~76.8 -21.2 -21.6 -21.1 -22.1

.

83.4 83.8 83.5 83.7 - 2.8 - 2.9 - 2.8 - 2.6
84.0 +2.3 i0.04 84.1 84.0 84.0 84.1 1.8 1.9 1.8. 1.9

94.2 93.8 94.1 93.8 0.9 1.0 1.0 0.9-
95.3 - 0.7 10.04 95.3 95.3' 95.3 95.3 - 0.6 - 0.5 - 0.6 - 0.5

98.5 97.8 98.2 ' 98.1 - 2.1 - 1.9 - 2.0 - 1.8
99.6 - 2.0 10.12 98.6 98.8 99.2 99.7 - 3.0 - 3.1 - 2.6 - 3.1

_ _ _ - _ __
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2.11 NUCLEAR STEAM SUPPLY . SYSTEM HEAT BALANCE

.

2.11.1 PURPOSE

The Nuclear Steam Supply System Heat Balance was performed to
satisfy two objectives. These objectives are to verify the
plant computer calculation of core thermal power and to. verify
the Operating Procedure 1103.16, Heat Balance Calculation, cal-
culational method.

,

)

2.11.2 TEST METHOD |
.

Primary and secondary heat balances were performed at all power
levels specified by the power escalation testing sequence. At
each power level steady-state conditions were first established |
as follows: i

(a) Reactor Power as Constant as Possible

(b) RCS Pressure Constant. t50 psig

() (c) RCS Average Temperature Constant 2*F

(d) Feedwater Temperature Constant 110*F

(e) Feedwater Flow Constant 1.0%

(f) Turbine Header Pressure Constant 130 psig,

once these conditions were met all the data required were obtained
as directed by the procedure. The data for the hand and off-line
minicomputer calculations were raw values of the required temper-
atures, flows and pressures. These values were taken every minute
for five minutes. Similarly the plant computer heat balance was
determined by requesting printouts during the data acquisition per-
iod. Data was also obtained for calculation of an approximate in-
dication of reactor power by logging various console temperatures
and flows at three different times during the data acquisition period.

Upon completion of data acquisition, detailed primary and secondary
heat balance calculations were performed both by hand and by an
off-line minicomputer program. Also calculated by hand was the approx-
imate indication of reactor power. The plant computer results were
averaged before comparing to the hand calculated values.

O
(J

.

'
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2.11.3 RESULTS AND EVALUATION

The results from the various heat balance calculations from 15 |'

through 100% Full Power are presented in Table 2.11-1. This i

information shows the percent of full power calculated by the |
plant conputer, by hand calculation and by the minicomputer pro- |
gram. Comparison of the hand calculated values with the respec- 1

tive computer calculated values in all cases shows agreement
within the acceptance criteria of 12% FP. The acceptance criteria
which applies to the agreement between the approximate indication
of reactor power and the plant computer primary heat balance is
a function of a weighted average of the hand calculated primary
and secondary heat balances. This acceptance criteria between
15% FP and 100% FP varies linearly between 25 and 5 percent.
The weighted average of the hand calculated primary and secondary'

heat balances were calculatted as follows;

(Sec. + Pri.) /2,%FP =

0.0117647 (%FP - 15) ,Y =

and

weighted average = (1-y)Pri. + Y Sec.

In all cases this acceptance criteria was met.

At low power levels the plant computer did not agree as closely

; with the hand calculation or the off-line minicomputer calcula-
, tion as it did when the power level was increased. In cases
where the primary and secondary heat balances differed, the more
conservative value was used.

2.11.4 CONCLUSIONS

The plant computer calculation agreed with hand calculated values
of primary and secondary power within 2% FP. Therefore, the
plant computer calculation was shown to be an acceptable indica-
tion of reactor power and is now used for calibration of the-

'
nuclear instrumentation.

.

O'
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hSUPNARY OF HFE BAIANCES PERFORMED DURING POWER ESCAIATION _
.

TABLE 2.11-1
..
.

Heat Core AT Primary Heat Balance 5 FP Secondary Heat Balance 5 FP
Balance' Date Time Power , Plant Nova 1200 Hand Plant Nova 1200 Hand.
Nunber M-D-Y Hr.: Min. % FP Conputer Ca puter Calc. Conputer Cmputer Calc.

7 8-20-74 03:23 14.9 16.0 14.5 14.6 16.7 15 1 '15.1

10 9-8-74- 12:47 26.7 27.2 26.9 27.2 29.6 29.5 29.5'
.

13 9-24-74 11:24 43 0 39.0 38.2 38.1 41.1 41.7 41 7
-

'

15 10-15-74 12:25 58.4 56.6 57 9 58.0 62.3 62.4 62.4
,,

10-23-74 20:11. 73.8
~

16 72.1 72.1 72.3 . 77 1 76.9 76.9-

.h 17 12-5-74 ' 05:29 82.6 79.1 78.5 78.6 84.3 84.0 84.0
' 18 12-5-74 16:41 - 92.8 90.4 90.7 90 7 95 3 95.3 95.3

19 12-9-74 01:37 96.7 94.7 96.6 96.6 100.1 100.1, 100.0'

*
.
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2.12 BIOLOGICAL SHIELD SURVEY

.

L 2.12.1 PURPOSE

The purpose of this survey was to measure and record the
radiation levels in accessible areas of the plant at various
power levels to: (1) ascertain that the design criteria in
regard to the radiation fields was met; (2) indicate locations
where the shielding was defective; and (3) insure that-plant
personnel will not be subjected to unnecessary exposure to
radiation as a result of inadequate shielding.

2.12.2 TEST METHOD,

Surveys of radiation levels were made at power levels 0, 15,,

40, and-100% of rated reactor power as follows:

Background survey measurements were made at selected locations
in the reactor building and reactor auxiliary building prior to
fuel loading. A planned survey outside the reactor building at
0% of rated reactor power was discontinued due to the absence
of any appreciable radiation level.

General area surveys were made of the reactor shielding inside
the reactor building for gamma and neutron radiation. Readings
were taken at preselected readily assessible locations (floors,
stairways, etc.) with slow scans between these locations.
Areas of no access were not checked in this portion of the survey.

Penetrations through the secondary reactor shield inside the
reactor building were surveyed for gamma and neutron radiation
except that penetrations greater than 6 feet above solid footing
were surveyed for gamma radiation only.

Gamma and neutron radiation surveys were made adjacent to the
reactor building wall.in all accessible areas at elevations of
2, 4 and 6 feet above the floor. General area surveys at
approximately 3 feet above the floor were also made in these
areas at some distance from the wall.

.

Penetrations to eaclosed areas through the resctor building
wall were surveyed for gamma and neutron radiation except that
penetrations greater than 6 feet above solid footing were
surveyed for gamma radiation only,

bu
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|Surveys for gamma and neutron radiation were made adjacent to
the unenclosed reactor building wall at 2, 4 and 6 feet above
the ground level, General area surveys were made around the
reactor building, reactor auxiliary building, turbine building,
and the turbine auxiliary building.

The reactor auxiliary building elevator was surveyed for gamma
and neutron radiation at approximately 2 to 3 foot increments of
elevator travel from top to bottom of elevator shaft.

:

General area surveys were made in accessible areas of the
reactor auxiliary building zoned for less than high radiation
areas. Measurements were made at preselected locations with
slow scans between locations.

Surveys for gans:a radiation were made around penetrations
through walls, floors, and ceilings from high to lower
radiation zones in the reactor auxiliary building. |

Gamma radiation surveys were made at 2, 4 and 6 foot elevations
above the floor adjacent to walls bordering high radiation areas.

Q 2.12.3 RESULTS AND EVALUATION
N/

Results of the background survey measurements revealed a
maximum of 0.05 mrem /hr. of gamma radiation when measured
with a Geiger-Mueller instrument 0 mrem /hr. of. gamma.when
measured with ionization chamber instruments, and 0 mrem /hr
of neutron radiation when measured wi.th a BF3 instrument.

The general area survey inside the reactor building revealed
that elevation 336 ft. (except at the elevator), the majority
of elevation 357 ft., and elevation 424 ft. (except at the
elevator) exceeded the designed zoning of less than 100 mrem /hr.

i and were high radiation areas.

Surveys of penetrations inside the reactor building showed that
radiation streaming through a number of penetrations exceeded
100 mrem /hr. and others approached 100 mrem /hr.

The survey of enclosed areas adjacent to the reactor building
determined that some areas contained piping which exceeds the
zoning limits on contact. In general the area readings were '

still within the design limits. However, ac activation and
corrosion products increase localized areas may exceed their
design limits.

O

,
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Streaming through the penetrations of the reactor building walls
was low or negligable axcept in the north piping penetration
room on elevation 354 ft. None of the streaming paths resulted
in radiation in excess of the zoning design of 100 mrem /hr. as
the three highest readings were 54, 41, and 11.1 mrem /hr. while
the other readings were 2.7 mrem /hr. or less.

In unenclosed areas all radiation levels attributed to plant
operation were 0.2 mrem /hr. or less.

All readings in the reactor auxiliary building elevator were
0.1 mrem /hr. or less.

With the exception of the valve and piping area outside of the
makeup and purification demineralizers the general area survey
revealed radiation levels within the designed zone limits. The

)valve and piping area showed radiation levels of 15 to 40 mrem /hr.
i

versus the design value of 15 mrem /hr. or less. As activation I
and corrosion products increase these levels are expected to
increase; however, since the original design most valves in this '

area have been equipped with remote operators. |

Surveys of the reactor auxiliary building at 2, 4, and 6 ft.
above the floor show that the diesel generator room is the
only location where design values were exceeded. In this locations_

at one point about 4 inches in diameter the radiation level is
1.9 mrem /hr. on contact with the wall while the general area<

survey showed levels less than 1.0 mrem /hr. for whic.h the area
is zoned.

.

2.12.4 CONCLUSIONS

Areas exceeding acceptance criteria are undergoing further design
evaluation. All high radiation areas have been posted and per-
sonnel are being. protected against unnecessary exposure to
radiation.

|

|

|
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2,13 EFFLUENT MONITORING SYSTEM CHECK AT POWER

2.13.1 PURPOSE

The purpose of this test was to verify the calibration of the
effluent radiation monitors against an effluent sample
of which the concentration was determined by laboratory
analysis. An acceptance criteria of 20% maximum allowable
deviation of the value determined by the radiation monitor
from that determined by the laboratory analysis was estab-
lished.

In addition this check was performed to verify the automatic
closing of the wasta discharge control valves on signal
from their respective high radiation alarms.

2.13.2 METHOD

The following process radiation monitors were checked:

RE-4642 - Liquid Waste Radiation Monitcr
RE-3618 - Discharge Flume Radiation Monitor
RE-3632 - Main Condensor Air Discharge Radiation Monitor

O RE-4830 - Gaseous Waste Radiation Monitor
RE-7400 - Stack Radiation Monitor

At power levels of approximately 0,15, 40, 75 and 100%
of full pcwer samples were collected'from each of the systems
above and analyzed by laboratory methods for their activity
level. Simultaneous readings were taken from the control
room display of the process radiation monitors, converted to
activity levels by use of the manufacturers calibration
curves, and then compared with the values determined by
analysis.

At each of the power ~evels specified above the interlock
between high radiation alarm and discharge control valves
for the Liquid and the Gaseous Waste Radiation Monitors was

' checked for proper operation.

2.13.3 RESULTS AND EVALUATION

Results of the activity levels de %rmined by laboratory
analys,is and process moniMr indications are summarized in

..

Table 2,.13-1.

O'
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d
The interlock between high radiation alarms and respective
discharge control valves functioned properly to close off

the discharge of waste upon indication of high radiation,

levels.
'

2.13.4 CONCLUSIONS

The test results failed to conform to acceptance criteria
of 20% agreement between lab analysis and process monitor
values by a large margin in seme cases. However, this was
because the activity levels being measured by the process
monitors were below the lower end of their detection capability
of approximately 1 x 10-6 pCi/ml and thus highly inaccurate.
The maximum deviation occurred with a lab analysis of 1.55 x
10-8 pCi/ml which was below the detection capability of the
process monitor by a factor of 'about 100.

As stated in the results the interlock between the high
radiation alarms and respective discharge control valves
functioned properly.

With the exception noted above the acceptance criteria of
this test were met.

,
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TABLE 2.13-1

SUMMARY OF ACTIVITY LEVELS DETERMINED BY LAB ANALYSIS AND PROCESS HONITOR INDICATIONS

Power Level Activity Determined by Lab Analysis and Process
(% Full Power) Monitor Indication (pCi/ml)

(Lab Analysis in parenthesis)

RE-4642 RE-3618 RE-3632 RE-4830 RE-7400

*

.

6

2.1 x 10-5 )
(6.57 x 10-7) L9.86 x 10-7 ) (4.93 x 10-6) (5.91 x 10-6)(1.31 x Iti.

0 2.3 x 10-6 1.2 x 10-6 2.3 x 10-6 1.6 x 10-6
.

(4.68 x 10-8) (1.55 x 10-e) Q.36 x 10-6 ) (2.91 x 10-4) (7.90 x 10-6)e

15y 2.3 x 10-6 2.8 x 10-6 1.6 x 10-6 8.0 x-10-5 1.5 x 10-6
,

e

(9.4 x 10-5) (2.0 x 10-7) 0.4 x 10-7 ) (9.33 x 10-5) (5.1 x 10-7)40 1.6 x 10-4 2.7 x 10 5 1.8 x 10-6 g,3 3 3-5 g,4 x go-6

.

(5.9 x 10-5) (5.4 x 10-8) (1.8 x 10 3 C8.9 x 10-2) (1.8 x 10 7)75 9.0 x 10-5 2.3 x 106 1.3 x 10-6 4.0 x 10-2 1.1 x 10-6
'

,

L5.16 x 10-3) (2.92 x 10-8) (3.22 x 10 7) (4.64 x 10-2 ) (3.22 x 10 7)100 2.05 x 10-3 2.1 x 10-6 1.2 x 107 2.5 x 10 2 1.0 x 10-6
.
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2.14 INITIAL RADIOCHEMISTRY TEST

2.14.1 PURPOSE

The purpose for conducting the Initial Radiochemistry Test was
three fold. The first purpose was to monitor the activity
buildup in the reactor coolant during initial fuel loading,
reactor startup, and power escalation. The second purpose was
to establish base activity levels so that rapid determination
of failed fuel or primary to secondary leakage is possible.
The third purpose was to monitor for radionuclide leakage from
fuel pins to reactor coolant, from reactor coolant to steam
generator, or reactor coolant to component cooling water.

2.14.2 TEST METHOD

The test methods utilized during this test used the lab test
procedures and the laboratory test equipment normally utilized
during plant operation. Laboratory methods used to conduct
this test include gross alpha analysis, gross beta analysis,
tritium, gross garna, and gamma isotopic analysis. One or

I) more of the above analysis were performed'on each sample from
\~ - each system tested. By periodic sampling, trends at various

conditions were established.

2.14.3 RESULTS AND EVALUATION

The Initial Radiochemistry Test verified sampling techniques s

and laboratory analysis methods. Baseline activity levels for
failed fuel determination were accomplished as a result of the
test.

The changes made in sampling and analysis techniques have re-
'sulted in the establishment of a more uniform sampling and
analysis program that will allow better trending of data and
more uniform test results.

.
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l
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2.14.4 CONCLUSIONS

The activity buildup in the reactor coolant water was monitored
through power escalation to 100% power. No abnormal results were
noted.

The monitoring of leakage from primary to secondary system and
primary coolant to component cooling water test results were
negative.

3

No deficiencies are noted on this test.

i
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' 2.15 INTEGRATED CONTROL SYSTEM TUNING AT POWER

-2.15.1 PURPOSE

To provida direction in tuning and testing of the Integrated
Control System for optimum performance for various modes of
operation.

2.15 .2 TEST METHOD

A. General Test Method:

Basic plant operational data was recorded, analyzed and,
when required, adjustments were made to modules in the ICS

,

so that optimum plant performance and control was obtained 'l
by means of the Integrated Control System.

B. Specific Test Methods:

Seven major divisions were accomplished by this test -

(1) Verification of hand (manual) control using Hand / Auto
Stations.

(2) Verification of control station limiters and setpoint,

performance.

Station Description
,

ICS10-MS Turbine Header Setpoint
ICS3-MS Low Load Limit
ICS2-MS Max. Load Limit
ICS4-MS Rate of Load 'hangeC
ICS30-MCS Steam Generator Delta Tc Setpoint
ICS20-MCS Reactor Coolant TAVE Setpoint

i
1

(3) Operational Verification of. Basic ICS Loops and Operating |

Modes -

a. Steam Generator Low Level Setpoint
b. Turbine Header Pressure Control
c. Feedwater Valve Delta "P" Control
d. Reactor Demand Station Control
e. Feedwater Demand Station Control

'

f. T-AVE Control by Reactor Demand
.

O
,
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g. T'-AVE Control by Feedwater Demand--

h. Delta Tc Control
1. Turbine Header Pressure Control by Turbine

Throttle Valve
j. Reactor / Steam Generator Demand Station Control

(Turbine Following)
k. EHC Control Station Verification (Reactor / Steam

Generator Following)
1. Unit Load Demand Station Control (Integrated Mode)

(4) Verification of Control System Signal Relationship -
Steedy State

a. Megawatts Electric vs. Neutron Power
b. Megawatts Electric vs. Feedwater Flow
c. Turbine Bypass Valve Position vs. Megawatts Electric
d. Feedwater Temperature vs. Feedwater Flow
e. Feedwater Temperature vs. Megawatts Thermal
f. Feedwater Flow vs. Feedwater Pump Speed
g. Feedwater Startup Valve Position vs. Feedwater Flow
h. Feedwater Low Load Valve Position vs. Feedwater Flow
1. Steam Generator Startup Level vs. Megawatts Thermal
j. Steam Generator Operating Level vs. Megawatts Thermal
k. Reactor Coolant Inlet Temperature vs. Megawatts Thermal
1. Reactor Coolant Outlet Temperature vs. Megawatts Thermal

s
(5) Verification of Control System operation During Controlled

'

Transients -

a. Integrated Mode
b. Turbine Following Mode
c. Reactor / Steam Generator Following Mode
d. Reactor Demand Station Control Zsde
e. Feedwater Demand Stations Control Mode

Modes b through e were performed during four (4) RCP
operation only. Mode a was performed during four (4),
three (3), and two (2) pump operation. All modes a
through e were performed at various power levels.

(6) Verification of Control System operation Under Various
Contingencies -

; a. Reactor Trip
b. Turbine Trip-

c. Loss of Reactor Coolant Pump
* d. Assymetric Rod

.

v

' '
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(7) Verification of Control Signal Relationship During
Reactor Coolant Pump Restart

a. Reactor Coolant Flow Imbalance vs. Feedwater
Flow Ratio

C. The data obtained in running the above tests was accumulated
and utilized to prepare and implement a final calibration
of the Integrated Control System.

2 .15 .3 RESULTS AND EVALUATION

Appendix 1 is a sumnary, referenced by procedure step numbers
and by control mode description, of test results. Table 2.13-1
gives a summary -f test results vs. acceptance criteria, once
again referenced by procedure step numbers. Figures 2.15-1
through 2.15-12 show resultc of steady state tests at various-
power levels.

2.15.4 CONCLUSIONS

Through use of data obtained during this test, the Integrated
Control System was tuned for optimum performance for transient

k and steady state control. All transients were performed with-
out exceeding Technical Specification limits or causing 2eactor
Protection System actuation.

.

V
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CONTROL STATION VERIFICATION SUMMARY
,

l

ICS TUNING AT POWER

2.15

APPENDIX 1
i

TEST PROCEDURE STEP NOS:

7.4.01 OTSG Low Level Setpoint Verification !

I
Adjusted low level setpoint for OTSG "A" at 23.7" and i
OTSG "B" at 27.5".

7.4.02 Turbine Header Pressure Control Verification

Turbine tripped and controlling turbine header pressure
with turbine bypass valves.

7.4.03 FW Valve Delta Pressure Control Verification
(Part 1)

Changed AP control setpoint from 35 psi to 70 psi.
Verified that each FW pump speed control would maintain
AP across valve train within acceptance criteria.

7.4.03 FW Valve AP Control Verification
(Part 2)

Verified that both loops would maintain AP across valve
trains by selecting low AP.

7.4.04 Reactor Demand Control Station Verification

Verified that with Diamond rod control station in auto
the ICS system would control reactor power at steady state
conditions. ,

Also verified that with Diamond rod control station in
auto and reactor demand station in manual, the ICS will
control reactor power during a transient caused by reactor
demand.

7.4.05 FW Demand Station (s) Control Ve ification

Verified that the feedwater demand stations will control
FW flow above low level limit with the FW demand stations
in manual.

.
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,

7.4.06 T ave Control by Reactor Demand Verification

Verified that with FW demand stations in manual, the
reactor demand in auto will maintain T Ave within accept-
ance criteria.

>

7.4.07 T Ave Control By FW Demand Verification
|

Verified that with W demand in Auto and reactor demand
station in manual that T Ave is controlled by FW within
the acceptance criteria.

7.4.08 ATC Control Verification

Verified that ATC control s:ation wi>. maintain (in auto)
ATC at set point by ratioing FW flow within the acceptance
criteria.

7.4.09 Turbine Header Pressure Control by Turbine Throttle Valve
Verification

Verified that the main turbine control system in auto will

( maintain turbine header pressure within acceptance criteria.

7.4.10 Reactor Steam Generator Demand Control Station Verification

Turbine following mode.

Verified that reactor steam generator demand station in
manual with all other stations in auto, including EHC
station will control unit within acceptance criteria.
Reactor power betwe'en 20% and 25%.

|

7.4.11 EHC Control Station Verification

(Reactor / Steam Generator Following) |
Verified that with EHC in manual and all other stations
in auto, unit will control within acceptance criteria )
during a change in load by EHC system. i

7.4.12 Unit Load Demand Station montrol Verification |
l

Verified that ICS in integrated mode will control unit '

'

within acceptance criteria during a 5% power change at
1% per minute.

(~'h,

M

'
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i

7.6 Verification of Control System Signal Relationship - Steady State
-

.

A. Set up data acquisition.
B. Verification of conditions necessary to continue testing. '

: C. Verification of steady state conditions. ,

D. Analyze data to verify acceptance criteria. {
E. _ Plot steady state relationships.

|
<

F. Analyze plotted data to determine if signal relationships I

are within acceptable lLaits at each power level test.
G. Document data.
H. Test to determine marimum neutron power limits under the

following conditions: |
|

1) 3 RCP Operation-

2) 2 RCP Operation
3) Asymetric Rod
4) Loss of 1 FWP or 2 Condensate Pumps

r

|- I. Calculation of final curves and adjustments of appropriate
! . modules for ranging signals.

NOTE: USING THE ABOVE OUTLINE, DATA WAS TAKEN AT THE FOLLOWING
POWER LEVELS:

0%

15%

25%
40%

60.2%
j 73.8%

84.9%
96.3%
99.2%

7.7 Verification of Control System During Controlled Transients

A. (Integrated Mode)
i
i

Verified acceptance criteria met during the following
transients:

'

-1) ULD from 34.5 to 27% @ 5%/ Min.
| ULD from 27.0 to 35% @ 5%/ Min.
| ULD from 66.8 to 58.4% @ 3%/ Min.
j ULD from 58.4 to 66.8% @ 3%/ Min.

*

l1 ULD from 68.0 to 24.0% @ 5%/ Min.
lHJD from 86.5 to 78.0%- @ 2.5%/ Min.

O- -.ULD from 78.0 to 86% @ 2.5%/ Min.
ULD from 87.0 to 47% @ 10%/ Min.

| ULD from 47.0 to 68% @ 10%/ Min.
i

_

.
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f''} APPENDIX 1,

%,J .

B. Turbine Pollowing Mode

Verified acceptable control with steam generator reactor
demand station in manual during the following transients:

:

1) Reactor Power 39 to 28% @ 5%/ Min.
2) Reactor Power 28 to 38% @ 3.3%/ Min.

{ 3) Reactor Power 75.1 to 66.3% @ 2%/ Min.
4) Reactor Power 66.3 to 76.2% @ 3%/ Min.
5) Reactor Power 99 to 90% @ 5%/ Min.

!

6) Reactor Power 90 to 99.1% @ 5%/ Min.

C. Reactor / Steam Generator following verified acceptable
control with turbine EHC in operator auto during the
following transients:

1) Unit Load Demand 34.5 to 23.5% @ 3%/ Min.
'

2) Unit Load Demand 23.5 to 35% @ 3.4%/ Min.
3) Unit Load Demand 68 to 59.6% @ 3%/ Min.
4) Unit Load Demand 59.6 to 68% @ 5%/ Min.
5) Unit Load Demand 86.5 to 78% @ 5%/ Min.
6) Unit Load Demand 78 to 86% @ 5%/ Min.

R' actor demand station controlD. e

(All stations in auto except unit master and reactor demand)
Verifted acceptable control with reactor demand station in
manual during the following transients:

1) Reactor Power 40.3 to 30.0% @ 4.5%/ Min.
2) Reactor Power 29.2 to 39.9% @ 3.8%/ Min.
3) Reactor Power 76.7 to 68.5% @ 3%/ Min.
4) Reactor Power 68.5 to 76.7% @ 3%/ Min.
5) Reactor Power 99.0 to 90% @ 5%/ Min.
6)' Reactor Power 90.0 to 98.0% @~5%/ Min.

; E. FW Demand Station (s) Control

(All stations in auto except Loop A and Loop B FW Demand
and unit master)

Verified acceptable- control with both FW demand stations
in manual during the following transients:

.

.
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~

1) W Demand 34 So 22% @ 3.4%/ Min.
2) W Demand 22 to 34% @ 4%/ Min.
3) W Demand 66 to 56% @ 2.7%/ Min.
4) W Demand 56 to 66% @ 2.7%/ Min.
5) W Demand 87 to 79% @ 5%/ Min.
6) W Demand 79 to 87% @ 5%/ Min.

7.8 Verification of Control System Operation Under Various
Contingencies

B. Reactor Trip
C. Turbine Trip
D. Loss of Two (2) RCP ,

E. Asymmetric Rod

7.9 Verification of Control System Signal Relationship During i
RCP Restart

a

Verified acceptable control during restart of fourth RCP and
verified acceptable steady state conditions after restart.

O

I

4

9

4

4

i

G

.
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TABLE 2.15-1

|
e.

': SUMMARY OF ICS TUNING RESULTS,

--

ACCEPTANCE CRITERIA-- -

SECTION DATE * PARAMETER CONDITION LIMITS ACTUAL DEV. PVR LYL.

7.4.01 8-16-74 OTSG Level A Steady State 6" < ! 2"O 23.7" 15%

OTSG Level E Steady State 6" < t 2" @ 27.9' 15 %.

.

TUR. HDR.
7.4.02 8-16-74 PRESS A Steadv State 9 PSI f3.6 PSI NA

TUR. HDR
PRESS B Steady State t9 PSI & 3.'6 PSI NA

Pcrt 1
7.4.03 9-8-74 Loon'AAP seen,1v senen t1 Psi 3 PSI 45T

Loop B P Steady State 2 3 PSI 3 PSI 45%A

Port 2
7.4.03 10-5-74 L000 AAP Steady State 3 PSI +1 DMT

.

Loop BAP Steady State t'3 PSI 3 PST--

--

Neutron
7.4.04 8-17-74 Error Steady State 1% 1% 12 1;i

Loop A FW
7.4.05 9-4-74 Flow Error Steadv State 120.K ffhr} 25K #/hr

Loop B FW
Flow Error Steady State 120,$:~ # /72# 25r #/hr

7.4.06 9-7-74 T AVE Steady State 2*F .5*

T AVE Step Change j,j 2*F .75*

_ FW Flow
7.'4.07 9-7-74 Error A Steady State t120,cK '#/kr 60K #/hr

FW Flow
pryn, i Steady State 120,4 K .#/h2- 60K #/hr

T AVE Ramp Change 5'F .2*
~

T AVE Steady State 2*F .2*

.

_
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! ACCEPTANCE CRITERIA
TECTION DATE * PARAMETER CONDITION LIMITS ACTUAL DEV. PWR IXI..

7.4.08 9-7-74 ATC Temp Steady State l'F .6* F-

,

ATC Tenp Transient 5*F NA

.

Aun. nua.

.7.4.09 8-18-74 PRESS A Steady State t 9 PSI 5 PSI.

TUR.'HDR. ~

Pntss B sen,av seat, 9 PSI 5 PSI
TUR. HDR. /f .2 -i

.

PRESS A Transient 50 PSI & 12 7
TUR. EDR.
PRESS B Transient 50 PSI d 12 7.2

___

.

7.4.10 9-10-74 T AVE Steady State 2*F .4* F

T AVE Ramp Change 5'F .4* F

ATC TEMP Steady State 11*F .32*F%

ATC TEMP' Transient 5*F .32' F
TUR. EDR.
PRESS A Steady State I9 PsT Il PCT
TUR. EDR
PRESS B Steadv State t9 Psi t1 99T
TUR. EDR.
PRESS A Transient tSo PsT I r, pqT

TUR. HDR.
IPRESS B Transient 50 IST' 5 P9T

l

MW Error Steadv State 10 MW 1 MW

7.4 11 9-10-74 T AVE Steady State 12*F .6* F

ATC Steady State i1*F t.3* F
IUR. HDR.
PRESS A Steady State 9 PSI 3 PSI
1UR. HDR
PRESS 3 Steady State t9 PSI 3 PSI

T AVE Ramp Change 5*F t.7* F

ATC Transient 5*F +.4* to .2* F
~

LUR. RU R--

PRESS A Transient t5.0 PSI 7.0 PSI
IUR. HDR

|PRESS B ' Tran=4cne 50 PSI 7.0 PSI

- 87.-- . .

f



_ _ . . _ _ _ - . _ _ . - __ -.

*'-
.. .

.
.

'
, .

.i . ', TABLE 2.15-1 * *
. .

. .:. . .

.
.

6. . - -
... .p -

.
-

:
- -

-
.

ACCEPTANCE BRITERIA
TECTION DATE ' PARAMETER CONDITION LIMITS ACTUAL DEV. PWR LP .

7.4.12 9-10-74 T AVE Steady State 2*F .3*F

T AVE Ramp Change 5'F .5* F

ATC Steady State t1*F .2* F

ATC Transient tS*F +.2 ta .25 F

W Error Steady State 10 W 3W

OISG A B
7.6 D 9-23-74 LEVEL A-B Steady State 6" b 1.2" 1.2" 15%

TUR. HDR. A B
PRESS A-B Steady State 9 PSI 3.3 3.3 15%

A B
WAP A-B Steady State 3 PSI 3 3 15%
Neutron

*

Error Steady State 1% 1L 15%
W Flow '

A B
'_ Error A-B Steady State tpqKf/hr 60K 60K 15%%

_ T AVE Steady State 2*F .4* F 5%
'

ATC Steady State l'F .24* 15 %
MEGAWAII
ERROR Steady State 10 W 1.5 W 15%

OTSG LEVEL A B10-3-74
__ A-n segna,, sene. 6" 2.5" 2" 27.o9"

TUR. HDR.
'

A B
PRESS A-B Steady State t9 PSI t3.5 3.5 27.9c"

A B
FW AP A-B Steady State 3 PSI 3 3 27.99*
Neutron
Erroc Steady State 1%. 1% 27.99i
W Flow A B

IRROR A-B Steady State t120K#/hr 36K 36K 27.997

T AVE Steady State 2*F . 4 *F 27.99:

ATC Steady State l'F .32' F 27.99--

W ERROR ' Steady State 10 MW 2W 27.99:
1

& 1
'

-

|
|

.

|'

1
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ACCEPTANCE CRITERLS
..CTION DATE * PARAMETER CONDITION LIMITS ACTUAL DEV. PWR LVI..

OTSG A B |
7_6n enne. 0-24-74 LEVEL A-B Steadv State 6" 4" 2.5" 41.SST 1

TUR.HDR. A B
,

PRESS A-B Steadv State t9 PSI t6.0 t6.0 41.55% i

A B

FWAP A-B Steadv State 3 PSI 3 3 41.55%
Neutron !

'
Error Steadv State 1% 1% 41.55%
W FLOW A B i

ERROR A-B Steadv State 120K# /hr 60K 60K 41.55
~

T AVE Steadv State t2"F .A" 41.55%

ATC Steady State l'F .32* F 41.55"

W ERROR Steadv State 10 MW 2.5 W 41.55*

|-

OTSG 1.t.vt.L. A B

[0.2% !
!

11-18-74 A-B Steady State 6" t 6" 6" 0
TUR.HDR. A B I
PRESS A-B Steady State i9 PSI t7 7 60.2" |' '

A B.

FWAP A-B Steady State 3 PSI NA NA 60.2%
NEUTRON
ERROR Steady State 1% 1% 60.2%
FW FLOW A o
ERROR A-B Steady State 120K #/hr !120K 120R 60.2%

T AVE Steady State i 2*F .2 F 60.2%

~

ATC Steady State 1*F .32 F 60.2%

W ERROR Steady State 10 MW SW 60.2%

OTSG LEVEL A B11-19-74 A-R Steadv State 6" 6" 6" 73.8*
TUR. HDR A B
PRESS A-B Steadv State 9 PSI 6.3 6.9 73.S*
WAP A-B Steady State A B

3 PSI NA NA 73.E*
Neutron-

Error Steadv State 1% 1% 73.8%
FW FLOW A B
Error A-B Steadv State 120 K#/hr t90K 00K 74.9*

-

t wv % Au o,en 12*F . 3*F 73.8%

ATC Steadv State 11*F t . 4 *F 73.8!

uu r g Steady State 110MW d4MW 73.8%
-
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ACCEPTANCE CRITERIA
SECTION DATE * PARAMETER CONDITION LIMITS ACTUAL DEV. PWR LVI..

OTSG. A B 1

7.6D Cont 12-5-74 LEVEL A-B Steady State 6" 22.5" 2" 84.93% )
TUR.HDR A B

'

PRESS A-B Steady State 9 PSI 3 t3 R4. 0 4- j
A B I

y ny |
- vmp An Steady Staen 1 Psi us ...

!, Neutron Error Steady State 1% 1% 84.93%

W Flow A { B

Frrnr A-B Stendy State t120K#/hr 1120K 1 120K 84.93% l

|.

'

T AVF Steadv State 2*F 579.15 to 578.7 84.93%

a TC Steadv State 11*F .40 84.93%

W Error Steady State 10 W 5 MW 84.93%

OTSG
.

A o
12-8-74 Level A-B Steady State 6" 5.5" 4" 95%

_
TUR. HDR A 8

Press A-B Steady State 9 PSI 2 PSI 2 PSI 95%
- A B

WAP A-B Steady State 3 PSI NA NA 95%-

Neutron
Error Steady State t 1% 1% 95%

FW Flow A B
Error A-B Steady State 120K# /br 60K I *60K 957

T AVE Steadv State 2*F t .075'F 4W

ATC Steady State l'F t.4*F 95%

MW Error Steady State 10 MW t 3 MW 95%

OTSG Level A B
12-9-74 A-B Steady State 6" 16" 16" 100%

TUR.llDR. A B
Press A-B Steady State 19 PSI -3.6to+2.3 -1.2to+3 100%

A B

W6P A-B Steady State 3 PSI NA NA 100%
Neutron
Error Steady State 1% 1% 100%

W Flow A B
^

Error A-B Steadv State t120 K#/hr t6ne 4?v 100**
-

T AVE Steady State i 2*F t.075*F 100%
-

l'F 2.4*F 100%ATC Steady State |

Mu vrvne gro u,. e,,,, i10MW +5.5 to -4.0 MW 100%
~
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ACCEFTANCE CRITERIA
SECTION DATE * PARAMETER CONDITION L7.MITS ACTUAL DEV. Pk'R LVL.

1 - ULD -

7.7A 10-1-74 TAVE Ramp Chai.ge 5*F 5 to 578.6 34.5to27

6 TC Transient i 5'F h.6 i .32 N5to27

7 7A 10-1-74 T AVE Ramp Change tS*F T580.1 h578.6 [e3
*

U.L.D.
1 'F +.96 to .4 27.0 to3:5ATc Trnnaiene

U*
7.7A 12-3-74 T AVE Ramp Change 5*F h .9* ? .2*

39

U I.;D.ATC Transient 5'F .4

7.7A 12-3-74 T AVE Ramp Change 5*F i.8* h.4* j gg
- ATC Transient 5"F +.6 .4* $[if*g4
-

-

U . I. . D .7.7A 12-4-74 T AVE Ramp Change S*F 579 to 574.8
68 to 2.

ATC Transient 25'F f .8* [ 1.2 U.L.D.
o ,1

.D.7.7A 12-10-74 T AVE Ramp Change 5'F 579.75 to 579.0
, 86.5 te._

U.L.D.
Ac Trnnniene 5'F .4 to +.4T 96.5 c-_ ,

;D.7.7A 12-10-74 T AVE Ramp Change 5'F 578.55 to 579.0 g

U.L.D.
Ac Tenna t on e 5'F +.2 to .6 78 to 56T

;D.7 7A 12-10-74 T AV'E Ramp Change 5*F 576.75toS79.6 , , _ .

u . I. . D .
6TC Transient I 5*F -3.4 to 4.6 87 to sr

9 Main Block Valves
Hunt in Intermediate Pos.

U.L.D.-

7.7A 12-10-74 T AVE Ramo Change * 5'F 580.2 to 578.55 47 to SE
U.L.D.

MC Transient 5*F .6 to +.6 47 to 65

| - 91 -
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ACCEPTANCE CRITERIA
SECTION DATE * PARAMETER CONDITION LIMITS ACTUAL DEV. JRANSIE',"I

Rx Pwr7.7B 10-1-74 T AVE Ramp Change 15'F fl.2* f.2* 39 to 25'

Rx Pvr
6 TC Transient 1 5'F -1.44 to +.6 39 to 29'
TUR.HDR A B Rx Fwr
Pc ss A-B Transient 50 PSI 45.4 $5.4 39 to 28'

.

Rx Pwr7.7B 10-1-74 T AVE Ramp Change 5'F f l.2* f.2* 28 to 38'

Rx Pvr.

(6 TC Transient t 5'F +1.2 to .4 28 to 38'
TUR.HDR A B Rx Pwr
Press A-B Transient t 50 PSI i6J3.6 if6 43.6 28 to 38:

l
Rx Pvr ;

7.7B 12-4-74 T AVE Ramo Change- .t 5*F 577.5 to 578.7 75.lto66
Rx Fwr

A TC Transient i S*F .4 to +.2 75.lto66
_

TUR HDR A B Rx Pwr
Press A-B Transient iS0 PSI 4 14.4 414'.4 75.lto66

-

v

Rx Pur
7.7B 12-4-74 T AVE Ramp Change 5'F 576.6 to 578.7 66.3to76

Rx Pwr
A TC Transient t S*F +.8 to .8 66.3to76

- TUR HDR A j B Rx Fwr
Press A-B Transien t t 50 PSI /10.8 f 1 10.8 66.3to76

Rx Pwr7.7B 12-10-74 T AVE Ramp Change 5'F 528.9 to 577.9 99 to 90'
'Rx Pur

A TC Transient 5*F .5'F 99 to 90=
Tur.Hdr A B Rx Pur.

Press A-B Transient 50 PSI f7.2412 17.2 412 99 to 90'.
|

|

|

Rx fvr 1

7.7B 12-10-74 T AVE Ramp Change tS*F 578.7 to 579.3 90 to 99
*

Rx Pwr !

6TC Transient iS*F .5* 90 to 99
'

TUR HDR A j B Rx.Pvr
Press A-B Transient *50 PSI 414.414.8 f J14.4 f4. 8 90to99.

Y

i
E 07i
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-- ACCEPTANCE CRITERIA
SECTION DATE * PARAMETER CONDITION ' LIMITS ACTUAL DEV. TRANSTENT

~

7.7C 10-1-74 T AVE Ramp Change tS*F i .2*F [*,*3_c,

u.t.D.''

ATC Transient tS*F 41.28' f.32 14.5en,1_:
TUR RDR *

A B U.L.D.Press A-B Transient 50 PSI f37.2 1 37.2 14.str21i

U.L.D.
7.7C 10-1-74 T AVE Ramp Change 5'F i 1.5* 23.5 to 35

U.L.D.
brC Transient iS*F +1.48 to .32* F 23.5 to 35
Aud RUK

A B U.L.D.Press A-B Transient iSOPSI 434.8 434.8 23.5 to 35

U.L.D.7.7C 12-4-74 T AVE Ramp Change 5'F 577.8 to 579.00F 68 to 59.6
U.L.D.

# *F 1.3 68 to 59.6ATC Transient 5
TUR EDR A B U.L.D.

f25.2414.4|d28.8J14.4
,

Press A-B Transient 50 PSI
--

68to39.
,

-
-

o U.L.D.7.7C 12-4-74 T AVE Ramp Change 5'F 579 75 to 578.5 F 59.6 to 65
U.L.D.

ATc Transient 5'F +.5 to .3 59.6 to 65
TUR HDR '

130.6 i10.8430.6110.8|. 59. 6to65
A B U.L.D.

Pepsm A-B Transient 50 PSI
I

' I.__

U.L.D.
7.7c 12-10-74 T AVE Ramp Change 2 5'F 578.4 to 579.075 86.5 to 75

u.L.D.
A TC Transient 5*F- .2 to +.40F 86.5 to 78

'

TUR.KDR A- B U.L.D.Press A-B Transient 50 PSI 121.6 121.6 86.5 to 75

.

7.7C 12-10-74 T AVE Ramp Change - 5'F 578.7 to 579.0 F0 * * *

9 86:
-

U.L.D.
A Tc Transient 5'F +.2 to .2 F 78 to 86:0

TUR HDR A B U .L.D .Prese A-B Trnnaient I SOPSI i3.6114.4 b.6414.4 7A en oc-

--

- 93 --
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ACCEPTANCE CRITERIA
SECTION DATE * PARAMETER CONDITION I LIMITS ACTUAL DEV. 'rRANSIE',E

_

^

7.7D 10-2-74 T AVE Ramp Change 5'F 43*F 1 'l* F *

.

Rx.Pwr
a TC Transient 5'F fl.52' 4.36 40.3 to 3C

TUR HDR A | B iRx.Powar
Press A-B Transient 150 PSI ?5.514 i &5.544 40.3 to 2:

i

'Rx. Pvr
7.7D 10-2-74 T AVE Ramp Change t 5'F f 2.5* F 4 2*F 29.2%co 35

Rx.Pwr
ATC Transient 5'F + 1. 2 * F f3.2*F 29.2% to35

'

TUR HDR A i B Rx. Power |

Press A-B Transient t 50 PSI 48f3 48f3 29.2%to39.

Rx.rwr
7.7D 12-4-74 T AVE Ramp Change 5*F 579.6 to 575.1 76.7%to 6:

Rx.rwr
0ATC Transient 5*F .7 to +.4 F 76.7to68..*

TUR HDR
A Rx.PwrPress A-B Transient 50 PSI 41a_& +10 R 76.7enAm.
B

* 416.7 f10.R

Rx Pwr
7'.7D 12-4-74 T AVE Ramp Change 5'F 581.4 to 577.2 F 68.5to76.

Rx Pwr
0ATC Transient 5'F .4 to +.7 F 68.Sto76.

TUR HDR
. .

A B Rx.Pwr
Press A-B Trans'ient 50 PSI 127 418 f27 418 68.Sto76.

7.7D 12-10-74 T AVE Ramp Change * 5*F -1.2* to +.3*F
9 90%
RX Pur

ATC Transient 5*F .4*F 99 to 90%
TUR HDR A f B Rx.Pvr
Press A-B Transient 50 PSI -14.APSIt -10.8 PSI 99 to 90

RxEvr-

7.70 12-10-74 T AVE Ramp Change 5'F +2.4* to .9'F 90 to 98%
Rx. Pwr.

A TC Transient t 5'F .4* to +.5'F 90 to 98:
TUR HDR A Rx.Pwr

| Press A-B Transient 50 PSI +14.4to-3 90 to 98:
L B

+14.4 to-4.8-

|
|

|
*

- 94 -_
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ACCEPTANCE CRITERIA
SECTION DATE *. PARAMETER CONDITION LIMITS ACTUAL DEV. cTRANSICE

7.7F 10-2-74 TAVb Ramp Change t 5'F 4 2*F
W Demand
34 7, . , , .

TUR HDR A / B W De=and*

Pence A-R Tenneipne I 90 PRT d6 h | 46 ?1 14 en ??" ,

W Demand
7 7F 10-7-74 T AVE Ramp Change t 5'F 4 2* F 22 to 34" i

TUR HDR A f B W Demand ,

?ress A-B Transient 50 PSI 44f8 i 44 18 22 to 34 j

-

rw uesana
7.7F 12-4-74 T AVE Ramp Change 5*F 580.2 to 577.5 66 to 56: I

"" ## '

A B FW DemandPress A-B Transient 50 PSI '
. J15.6 4 15.6 66 to 56"

FW Demand
7.77 17-4-74 T AVF Ramn Change I 5*F 576.6 to 579.0 56 to 66"

TUR HDR
|

'50 PSI + 11. 4 111.4 56 to 66"
A B W Demand-

Press A-B Transien; _j
;

-
.

v

FW Demand I
7.7F 12-10-74 T AVE Ramn Change 15'F 578.4 to 579.45 87 to 79;

TUR HDR A B FW De=anc
Press A-B Transient 150 PSI 410 .8 4 10.8 87 to 79

FW Damand
7.7F 12-10-74 T AVE Ramp Change 5*F 578.1 to 579.3 79 to 87:

TUR HDR A l B FW Demanc
i

Press A-B Transient 150 PSI f648.4 f 6 48.4 79 to 87: I

7.8B 10-3-74 T AVE Steady State 12*F Rx Trip

ATC- Steady State i l*F Rx Trip

W Error Steady State 10 MW RxTrip

_

E8C 12-11-74 T AVE Steady State 1 2*F .08* F Turbine
, _ _ ,

P
A TC Steady State i l'F .4* F Turb. Trip

| MW Error Steady State 10MW t SMW Turb. Trip
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ACCEPTANCE CRITERIA
SECTION DATE * PARAMETER CONDITION LIMITS ACTUAL DEV. .:

7.8D 11-24-74 T AVE Steady State 12*F !.2*F Loss RCP

ATC Steady State i l'F 't . 4 * F Loss RCP

W Error Steady State t 10W t4W Loss RCP

|

7.8E 10-2-74 T AVE Steady State 12*F .6*F Asy Rod

ATC Steady State l'F i1*F Asy Rod

W Error Steady State 110W 12W Asy Rod

#7.9 12-14-74 T AVE Steady State 2*F .8* to +.4*F RCP Rests

ATC Steady State 21*F 2.2*F RCP Rest:

W Error Steady State 110 W +5 to -10 W RCP Rests
'

s T AVE Transient tS*F -2.7* to +1.2*F RCP Resta:
. 1

ATC Transient 5"F !+40*Fco-1.9'F 2CP Restr

.

I

.

-

O

~

||.

\1

.

OA |
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2.16 UNIT LOAD STEADY STATE TEST
r

2.16.1 PURPOSE

A. The purpose of the Unit Load Steady State Test was:

1) To measure the Reactor Coolant System and Steam
Generator steady state parameters as a function of
reactor power, and

2) To verify the ability of the Integrated Control System
(ICS) to control the Nuclear Steam Supply under unit
load steady state conditions.

B. Specific purposes of this test were:.

1) Measurements of Reactor Coolant System and OTSG
parameters with two, three, and four reactor cool-
ant pumps operating betJeen 0 mad 100% reactor power.

'

2) Determination as to whether adjustments are required i

for the ICS between 0 and 100% reactor power.

O 3) Measurement of primary and secondary system operating
; parameters for comparison with future performance data.

C. The acceptance criteria specified by the Unit Load Steady
State test are:

1) The unit operates at power with no unstable situations
: or oscillations of the controlling parameters,

2) Specific steady state paramet'rs, as given in Figurese
, 2.16-1 through 2.16-7, are within-their respective
'

minimum and maximum limits as a function of power.

2.16.2 TEST METHOD
i

A. The data parameters were recorded during steady state
'

conditions at power levels required by the power escal-
ation controlling procedure. The power levels used were,

0,15, 25, 40, 60, 75, 85, 95, and 100% of reactor power.

Steady state conditions were defined as follows:

,

I

|
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,
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'Tave equal to 579 2 degrees

Reactor Coolant System pressure equal to 2155 50 psig. j

i

Reactor power level stable within 2 percent. |
;

B. The data taken was averaged and plotted for comparison
with the design ilmits required by the acceptance cri-
teria (See Figures 2.16-1 through 2.16-5). Param2ter
stability during steady state operation was measured in
terms of the deviation from the average value of the para-
meter during the test.

C. Steady state data was taken with two and three reactor
coolant pumps running and the units ability to maintain
reactor coolant average temperature versui reactor power
level was checked (See Figures 2.16-6 and 2.16-7).

2.16.3 RESULTS AND EVALUATION

A. The measured operating parameters of the primary and

O secondary systems were compared to the design values by
plotting the averaged values against the theoretical
values versus reactor power levels on Figures 2.16-1
through 2.16-7. As can be seen in Figure 2.16-5, the
total feedwater flow was higher than expected at the 25%
and 40% power levels. It has been concluded that this is
a characteristic of the plant and that no changes are
warranted since the plant will not normally be operated
in this power range. Figure 2.16-1 shows that the Steam
Generator outlet pressure is being controlled at approx-
imately 885 psig. This is due to' the controlling press-
ure indicator being located adjacent to the OTSG outlet
instead of at the turbine header. Thus the line losses
between the OTSG and turbine header are not compensated
for. All other parameters plotted were within specified
limits as can be seen in the remaining figures.

B. The total feedwater flow plotted on Figure 2.16-5, was
acceptable since it was within the limits previously exper-
1enced at their related power levels with four pumps running.
All other parameters plotted were within specified limits
as enn be seen in the remaining figures.

,
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C, The unit stability was measured by determining the ;
deviation of selected parameters from their respective i

average value. Table 2.16-1 is a listing of the ab- l

solute deviation of these variables at various power
levels. From this analysis, it was concluded that flows,
temperatures, and pressures vere stable within the follow-
ing limits:

RC Temperatures i l'F of the average value |
Feedwater Temperatures 4*F of the average value
Coolant Pressure 50 psig of the average value
Steam Pressure 5 psig of the average value
RCS & Feedwater Flow i 1% of the average value

2.16.4 CONCLUSIONS

The average of the measured unit parameters were within
specified limits with the exception of the steam generator ;

outlet pressure and the feedwater flow at the lower power !
levels. Analysis of the unit parameters indicates that all )

g- g) are relatively stable over the entire power range especially
at the 100% reactor power level.( '
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.' TABLE 2.16-1
,

UNIT PARAMETER STABILITY FOR'AN0' UNIT 1

.

15% 40% 75%- 100%
PARAMETER AVG. VAL. DEV. AVG DEV AVG _ DEV AV_C DEV

T-Avg. O F s7R_qa .18 579.1 A . 17 9'70 n't .77 97R_99 .nA
_

RC Inlet Temp Loop A, o F 574.74 .35 569.1 .5 561.5 .2 556.7 .4

RC Inlet Temp Loop B, O F 576.55 .44 57 0.7 .5 561.6 .1 555.7 .2

RC Outlet Temp Loop A, O F 583.06 .44 588.9 .3 595.2 .4 601.3 .2

|RC Ou'tlet Temp Loop B, O F 583.37 .43 588.56 .36 593.8 .2 601.6 .2 i

|
OTSG "A" Outlet Psr, PSIG 884.14 .86 896.14 4.14 887.8 2.2 890.7 2.0 * <

i
OTSG "B" Outlet Psr, PSIG 884.0 1.00 884.57 4.57 890.04 1.6 895.0 1.0 I |

'>
. .

Total Feedwater Flow, | '

10u Lb/Hr -.- 4.335 .047 8.091 .05L10.746 .049 ! |
--

f|Pressurizer Level, "H90 190.78 1.67 193.34 .86 197.9 .1 193.7 .5

RC Pressure, PSIG 2155 44.5 2155 39.2- 2155 17.1 2155 22.7

OTSG "A" Op. Level, % 7.9 .1 14.72 .28 36.1 .3 62.4 .5 '

fOTSG "B" Op. Level, % 4.54 .06 13.94 .33 33.7 .1 52.9 .5

OTSG "A" Startup Level, "H 0 22.69 .21 52.44 1.36 107.2 1.2 148.7 .6.9

OTSG "B" Startup Level, "H.30 21.31 .19 55.76 .94 105.8 3.7 149.2 1.3 !
l

. i
Turbine Steam Inlet Par.,PSIG '875.29 .71 873.57 2.57 877.5 2.5 869.3 1.3 *

4 ;

OTSG "A" Outlet Steam Temp, 583.69 .39 588.78 .52 596.4 .1 594.4 .1 !
Degrees F

{
OTSG "B" Outlet Steam Temp,
Degrees F 582.83 .43 589.11 .49 597.4 .1 593.7 .1 '

i
Feedwater Temp Loop A !
Degrees F 289.46 3.64 381.01 .39 433.6 .3 459.1 .5 ;

1 ;
Feedwater Temp Loop B. |
Degrees F 289.70 3.40 381.2 .20 434.3 1.0 459.7 .4 !

,

l
RP Channel A RC Flow Loop A, *-

f

.
.

.

MLB/llr. 65.29 .25 66.47 .27 67.28 .42 68.33 .33 *-g
.

RP Chann'el A RC Flow Loop B, ;

HLB /Hr. 64.87 .26 67.47 .61 67.62 .31 68.85 .26 ;
'

*
.

N
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FIGURES 2.16-1-7

LEGEND

D Loop A
i

I

O Loop B !

6 Combined Loops A and B

Max. and Min. Limits-

Expected
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FIGURE 2.16-1 '
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2.17 UNIT LOAD TRANSIENT TEST

- 2,17.1 PURPOSE'

The purposes of the Unit Load Transient Test are listed below:

(a) To observe and record certain primary and secondary system
parameters during transient conditions imposed on the unit.

(b) To demonstrate the ability of the Integrated Control System
to maintain control of the unit during transients at

different transient rates and in different modes of control.

(c) To aid in the tuning of the Integrated Control System.

The acceptance criteria for this test included:

(a) Each transient must be completed without exceeding the
limits of the Unit 1 Technical Specifications or Plant
Limits and Precautions.,

(b) Each transient must be completed without causing the
Reactor Protective System to attuate.

'

,

'

2.17.2 TEST METHOD
,

During power escalation testing the Unit Load Transient Test
was performed at several different power plateaus: 40, 75 and
100%FP. Table 2.17-1 gives a general summarv of all transients
required by the Unit Load Transient Test. The transients were

!performed with the Integrated Control System in five separate !
4

modes of control: '

!

(a) The fully integrated control mode ^

(b) The turbine-following control mode
(c) The reactor / steam generator - following control mode
(d) EHC operator / auto
(e) Feedwater demand stations in manual

Transienta in each mode of Integrated Control System control
! were performed twice at the 40% FP plateau; at a ramp rate less

than 5 percent per minute and at a 5 percent per minute ramp
rate. At the 75% FP plateau, an initial ramp of 3 percent
per minute was used during the integrated mode. All other
transients at 75% FP were at a rate of 5 percent per minute.
One additional transient was performed at the 75 percent full

e

O
. .

4

-
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\~- sower plateau--a decrease to 30% FP at a rate of 5 percent
per minute in the fully Integrated Mode. Testing at the 100%
17 level consisted of 10% FP transients (increasing and
3ecreasing) in each mode of control. An Integrated mode
t.ransf eut from 850 MWE down to approximately 450 MWE was per-
formed at a rate of 10 percent per minute. An increase back
to 82% FP was then performed at the same rate. Two and
three Reactor Coolant Pump testing was performed at various
power levels, utilizing the Integrated mode of control.

Throughout this test, Integrated Control System tuning was
performed when selected unit parameters indicated that tuning
was necessary in order to optimize the transient response of
the Integrated Control System. During all transients, the var-
iation of pertinent primary and secondary system parameters
during negative and positive power ramps were monitored and
recorded.

,

The technique of inducing each transient, in most cases, was
to decrease reactor power from the test plateau to a prede-
termined lower power level, then after establishing steady-
state conditions, reactor power was increased to the test
plateau.

( 2.17.3 RESULTS AND EVALUATION

A. Integrated Control System Transient Test at 40% FP

When_ the 40% FP level had been established, the Unit Load
Transient Test was conducted to evaluate the ability of
the Integrated Control System to accomplish smooth 10%
FP negative and positive changes in power level.

The data taken during each transient were analyzed and
the behavior of the unit during negative and positive
ramps in power level is presented. All acceptance cri-
teria were met.

B. Integrated Control System Transient Test at 75% FP

The Unit Load Transient Test was conducted at the 75% FP,

level to evaluate the capability of the ICS to properly
control 10% transients and a 45% transient.

C. Integrated Control System Transient Test at 100% FP,

The Unit Load Transient Test was conducted at the 100% FP

O
.
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' level to evaluate the capability of the Integrated Control
System to handle small transients to and from 100% FP. A
transient test was also run at 10% per minute down to 450
MWE and back up to 82% FP using the Integrated Mode. All
tests at 100% met applicable acceptance criteria.

D. Two and Three Reactor Ccolant Pump Testing at Power

Several tests were accomplished with less than four Reactor
Coolant Pumps running. Transients caused by tripping of
pump (s) and restarting of pumps were recorded and evaluated.
Escalations to 75% with three pumps on and to 49% with two
pumps on were accomplished. All acceptance criteria were

. verified.

E. Table 2.17-1 is a summary of all transients showing the
deviation in Tave and Turbine Header Pressure during the
power transient.

2.17.4 CONCLUSIONS

From analysis of all test data taken to date, the following
conclusions may be made from all sections of the Unit Load

} Transient Test.

(a) All transients were performed without exceeding the
limits of the Technical Specifications or Plant Limits
and Precautions.

(b) All transients were completed without causing the Re-
|

actor Protective System to actuate.
;

I
(c) The Integrated Control System has been tuned satis- !factorily for all modes of. plant operation.

.

(
-

.

- 123 -

. . _ - . .. - . .I



. . ,
. O ( f~

) TABLE 2.!,'
'

UNIT LOAD TRANSIENT TEST SUMMARY

I

__

% FP Based on 902 MWe set point 5790 F Set Point 885psig

TRANSIENT ICS MODE OF % FP CHANGE RATE, %/ MIN. }!AXIMUM MAXIFRD1

T AVC. 0"VIATION OF TilP DEVIATION REMARKSNUMBER OPERATION % TO % AVERACE
ABOVE BELOW ABOVE BELOW

Integrated 10-01-74
'

1 Mode 38.47% - 29.4% 2.57 .41 1.46 31.7 6 08:52 I

Integrated 10-01-74 i
2 Mode 29.5% - 38.8% 2.3 .93 1.93 4.2 34 09:58 I

SG/Rx 10-01-74
3 In Manual 38.4% - 24.6% 3.08 .43 1.09 0 9.9 10:43

SG/Rx 10-01-74~
4 In Manual 24.2% - 36.6% 2.61 1.11 .31 1.4 6.2 11:33

Turbine 10-01-74
,

5 In Manual 38.77%- 26.0% 2.22 .56 .15 43.3 5.7 14:48
Turbine 10-01-74

6 In Manual 26.0% - 39.55% 1.93 .14 .94 6.3 5.2 15:53
Rx Demand 10-01-74

7 In Manual 39.5% - 24.0% 1.88 1.71 1.71 1.2 7.0 16:33
xx vemano

8 In Manual 26.8% - 37.6% 2.67 3.19
. 10-01-74

1.74 3.3 6.4 18:53
Rx Demand 10-01-74

9 In Manual 37.48%-26.73% 4.0 .29 2.77 1.5 8.0 20:03
Rx Demand 10-01-74

10 In Manual 25.16%-39.62% 3.40 3.01 1.64 4.7 11.4 20:44
Rx Demand 10-02-74

11 In Manual 38.81%- 26.1% 2.42 .89 2.37 1.3 4.7 07:37
Rx Demand 10-02-74.

12 In Manual 25.94%-38.33% 2.48 2.3 1.52 2.8 5.7 08:43
11-23-74

13 Integrated Mode 20.76%- 22.0% 0 .36 1.93 30.3 0 22:01
11-24-74

14 Integrated Mode 23.36%- 38.34% 1.362 .25 . 75 33.1 0 05:13
~~ ~

11-24-74
15 Integrated Mode 37.44%-45.06% 1.3 .29 .5 17.5 3.2 06:44

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - - - _ _ _ _ _ _ - _ _ _ _ _
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#TABLE 2.17-1 *

. .

UNIT IAAD TRANSIENT TEST SUMMARY

i
y i

% FP-Based on 902 MWe Se t Pt> nt 5790 F Set Point 885psig*

TRANSIENT ICS MODE OF % FP CllANGE RATE, %/ MIN. llAXIMUM MAXIMIDI
T AVC. OCVIATIO:4 0F TiiP DEVIATION REM.UtKSNUMBER OPERATION % TO % AVERAGE

ABOVE BELOW ABOVE BELOW J
'

'
. 11-24-74 8

16 Integrated Mode 44.01%- 44.9% 0 0 .62 22.5 1.1 07:00
11-24-74

17 Integrated Mode 44.67%-44.64% 0 0 .52 14.7 .7 11:50
11-24-74

18 Integrated Mode 45.23%-45.23% 0 0 .59 13.1 .4 14:15
11-24-74 ;

19 Integrated Mode 45.01%-24.8% -(.8067) 3.06 2.93 16.3 0 15:15 |
11-25-74

_ 20 Integrated Mode 23.56%-23.57% 0 .86 1.26 18.2 1.5 02:3i
11-29-74

21 Stop RCP "D" 22% -22 % 0 .99 1.69 0 19 0113-0123
11-29-74

22 3 RCP 22.67%-32.25%. 1.42 .29 .63 0 18.2 0128-0140
11-29-74

23 Integrated Mode 69.91%-25.03% .561 .49 1.91 0 62.4 1535-1722
Iz-3-/4

24 Integrated Mode 73.2 %-63.9% .93 0 1.59 19.7 4 2213-2232

.

.6 .M
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TABLE 2.17-1 *
.

_

UNIT LOAD TRANSIENT TEST SUMMARY
..

.

% FP 902 MWe Met Point 5790 F Set Point 885psis

TRANSIENT ICS MODE OF % FP CHANGE RATE, %/ MIN. lfAXIMUM MAXIFRIM -

T AVC. OUVIATIOtI 0F TilP DEVIATION RE%. \RKSNU)3ER OPERATION % TO % AVERAGE
ABOVE BELOW ABOVE BELOW

12-04-74
25 Integrated Mode 75.74%-27.31% 4.5 0 4.5 37.6

.

04:385.9 ,

12-10-74 -
26 Integrated Mode 96.56%-87.95% 1.43 .78 .04 16.4 0 18:03

12-10-14
27 Integrated Mode 87.42%-95.03% 1.69 .85 .57 9 0 18:16

Turbine 12-10-74'

28 Following 96.17%-87.87% 2.21 0 1.08 12.3 2.4 18:33 -
,

Turbine 12-10-74
29 Following 87.61%-95.82% 1.56 .35 .96 14.7 0 18:48

Operation
, 12-10-74

30 Auto- 95.46%-86.53% 1.05 .16 .63 25.3 .9 19:08
operation 12-10-74,

31 Auto 86.94%-96.24% 1.86 .06 .56 12.5 10.7 19:27'

Rx Demand 12-10-74
32 Manual 95.33%-85.96% 1.409 .37 2.57 6.5 3.9 19:53 ____

Rx Demand 12-10-74
33 Manual 85.1% -94.58% 2.23 2.38 .87 15.5 0 20:13

Rx Demand
'

12-10-74
34 Manual 95.14%-87.36% 1.11 .53 .29 11.4 1.5 20:28

12-10-74
35 FW Demand Man. 87.97%-95.38% 2.69 .31 .74 13.8 0 20:53 4

12-10-7);
36 Integrated Mode 97.37%-52.14% 6.23 .33 1.42 62.7 2.3 23:13 |

12-10-74
37 Integrated Mode 52.67%-75.66% 7.66 1.34 .59 24.0 23.0 23:38

12-14-74
38 Integrated Mode 17.67%-17.77% 0 1.1 2.12 4.2 14.9 12:19

~ ~

12-14-/4
39 Integrated Mode 15.44%-15.46% 0 1.48 2.85 2.6 9.9 13:35
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2.18 VIBRATION & LOOSE 2AhlTSMONITOR-BASELINEDATAATPOWER

2.18.1 PURPOSE

The purpose of the V& LPM Baseline Data Test was to accumulate
data during power escalation that will be used for future
analysis of any questionable vibration or loose parts in the
Reactor Coolant System.

The baseline data taken for the test is deemed acceptable if
no peaks greater than 26 db or no system trips, either vibrat-
ion or loose parts, occur.

2.18.2 TEST METHOD

Baseline data for the V& LPM was taken at 0,15,40 and 75% re-
actor power. Due to a monitor power supply problem, baseline
data at 100% FP has not been taken as of this writing. Locat-
ions monitored are the upper reactor vessel, lower reactor
vessel and the steam generators.

With the Reactor Building clear of all personnel and the re-
actor at a specified power level, averages X'Y plots wereO, taken of the background noises at the frequencies of 200 Hz,
2 KHz, and 20 KHz for all channels. This signature analysis
constitutes the baseline data..

2.18.3 RESULTS AND EVALUATION

All signatures taken were acceptable and were stored for fu-
ture analysis. The 100% reactor power baseline data will be
taken when the monitor becomes available.

2.18.4 CONCLUSION

Baseline data for the Reactor Coolant System is now available
for analysis and comparison with future signatures of question-
able origin.

No unacceptable peaks were noted during the testing either
due to vibration or loose parts.

.
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2.19 CORE POWER DISTRIEUTION
|

2.19.1 PURPOSE l

!

The objective of the core power distribution test was to
i

measure the power distribution of the Reactor core at the
major power plateaus during the initial power escalation -
in order to verify chat the DNBR, linear heat rate, quad- |

rant power tilt and power peaking factors did not exceed
allowable limits.

,

The specific limits placed on the measured parameters were !

as follows:

a) The minimum DNBR must be greater than 1.55.
b) The maximum linear heat rate must be less than 17.2 KW/ft.
c) The quadrant power tilt must not exceed 4 percent.
d) Above 40% FP the three largest measured radial power peak-

ing factors should be no greater than 1.05 times the pre-
dicted values,

e) Above 40% FP the three largest measured total power peak-
ing factors should be no greater than 1.075 times the pre-

(~'T dicted values. .

V
2.19.2 TEST METHOD

Equilibrium conditions were established at each test power
plateau ensuring that xenon was in three-dimensional equil-
ibrium with no APSR motion and minimal power fluctuatiens
and/or controlling rod group motion. The incore monitoring
system and the plant computer were used for data collection.
Plant computer calculated core power distributions were check-
ed by hand calculations in all cases.

2.19.3 RESULTS AND EVALUATION

A summary of the test results is given in Table 2.19-1. This
table indicates that the minimum DNBR at rated power was 3.31
which is well above the lower limit of 1.55. The worst case
linear heat rate at 100% FP was 14.5 KW/ft which is signifi-
cantly less than the LOCA limit of 17.2 KW/ft. The measured
radial-and total power peaking factors were all within the
acceptance criteria.

9
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' .' The maximum measured quadrant tilt from the incore non-
itors was found to be less than 1% above 40% FP. The
axial imbalances were obtained intentionally to match the.

conditions for which the predicted values of power peak-
ing factors were calculated.

The minimum DNBR is plotted as a function of power level in
Figure 2.19-1. This -figure shows how the measured DNBR

,

was extrapolated to the next power plateau during power
escalation to assure that no DNBR limit would be exceeded.

* All extrapolated DNBRs were no smaller than 3.28 at the
105.5% FP overpower trip.;

Figure 2.19-2 shows the core grid /SPND string correlation
for the core locations used to measure the radial and total
power peaking factors on a synunetric 1/8 core basis. The
results of the power distribution measurements are tabulated
in Figures 2.19-3 & 4 for the 40% FP plateau, 2.19-5 & 6e

for the 75% FP . plateau and in figures 2.19-7 & 8 for the
100% FP plateau. These figures indicate that the predicted
power peaking factors are in good agreement with measured

1 values. All measured peaking factors were well within
: acceptance limits. No comparisons were made at 15% due to

the low flux signals and high statistical errors.

2.19.4 CONCLUSIONS

Measured DNBR's, Linear Heat Rates and Quadrant Tilts ver-
ified that the core can be operated at rated power with no
danger of exceeding Technical Specification or ECCS criteria.

All DNBRs were greater than the 1.55 minimum; all linear heat
rates were less than the 17.2 KW/ft LOCA limit and all quad-
rant tilts were well below the 4% Technical Specification
limit.

The measured power distributions verified the predicted
i distributions and the three largest radial and total peak-

ing factors were within the limitation of being within 5%
; and 7.5% of predicted respectively~.
i

The measured DNBR and Linear Heat Rates verified that the
Reactor. Protection System is sufficient to protect the core
against exceeding DNBR or maximum linear heat rate limits.

'

.

O
'

.
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Table 2.19-1
'

' SUMMARY OF RESULTS

DATE 6/20/74 9/26/74 11/21/74 12/9/74
TIME 1930 2000 0500 2200

POWER LEVEL (%) 15.2 41.2 75 100

GROUP 1-5 %W/D) 100 100 100 100

GROUP 6 (%W/D) 78 74 71.1 94.0

GROUP 7 (%W/D) 0 0 0 17.4

GROUP 8 (%W/D) 23.5 30.0 30.7 13.1

CORE BURNUP (EFPD) 0.67- 3.97 12.2 20.2

BORON CONCENTRATION (ppmb) 1290 1144 1074 1079

AXIAL 1MBALANCE (%FP) -1.6 -5.8 -14.4 -8.2

MAX QUADRANT PWR TILT (%) -2.09 +.55 .67 .75

. DNBR* 24.9 9.52 4.80 3.31

LHR* 2.593 6.518 12.1 14.45

MAX RADIAL PWR PEAK 1.39 1.38 1.41 1.39

MAX TOTAL PWR PEAK 1.77 1.82 1.88 1,82

MAX PEAK AT CORE GRID / LEVEL B-8/4 H-5/3 H-5/3 M-10/5

WORST CASE LHR (HAND CALC) 2.11 5.876 11.45 14.5

WORST CASE LHR (EXTRAPOLATED **) 14.35 14.98 15.57 14.7

WORST CASE DNBR (EXTRAPOLATED ***) 3.30 3.95 3.85 3.28

EQUILIBRIUM XENON No Yes,3-D Yes,3-D Yes,3-D

* Computer measured DNBR is reduced by 0.68 to correct for calculational.

uncertainties. Computer measured LHR is multiplied by 1.417 to correct
for calculational uncertainties.

** Extrapolated to'162% (LOCA Limit).
*** Extrapolated to 105.5% (trip setpoint).

.

'
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FIGRE 2.19-2
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FIGURE 2.19-3- -.

001PARISON OF PREDICTED AND CAIfULATED STEADY STATE REIATIVE
*

RADIAL POWER DIsuumUI'ICN AT 40 % FP, EQUILIERIUM XE20N.

'', -.

*. .

' '

Measurement Conditions.
-

Centrol Rod Group Positions Core Power Ievel 41.2:5 pp
Ops 1-4 100 % ud Baron Concentration 1154 ppm-

op 5 100 % ud ' Core Burnup 3 97 e n D
Op 6 74 % ud Axial Imbalance -5.8 % FP
Op 7 o % wd Max Quadrant Tilt +0.55 %'

op 8 30 5 ud .

-

. .
,

i~. .

. .

Centerlines

0 98 1.29 1.26 1.43 1.12 1.28 1 35 0 96 . l-
.

1.02 1.28 1.27 1.38 1.22 1.25 1.36 0.96 |
.

'

1.21 1.47 1.21 1.27 1.00 0 97 0.78
1.24 1 36 1.23 1.26 1.04 1.04 0.75

1.24 1 32 0 95 0.94 0.64 0.48 ,

1.29 1.31 0.98 0.98 0.72 0.46 i

-
-

1.02 1.11 0.81 0.70
1.07 1.07 0.86 0 70.

~

9.90 0.90 0.57
. 0.91 0.86 0.51

0.66 1
0.53s

t
- \,

.

s

- N |
Quadrant,
Centerline:

'

1

.
.

i !

x,xx Predicted Values
,

X.XX Measured Values
C\
U

.

.

.. .
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(XP!PARISON OF PREDICTED AND CAIfULATED SIEADY STATE'1 URAL .

!: PEAK POWER DISIRIBUTION AT 40 % FP, EQUILIBRIUM XENON,

i, '

e
,,

*
. :

hmod. Corriitions ~- -
-

,

"Cont;zul Rod Group Positions Cbre Power Invel ~41.2 % FP .
.

Gps 1-4 100 % wd Baron Concentration 115r ppm"
op 5 100 % wd Core Burnup 3.97EFPD
Op 6 N % ud Axial Imbalance -5.8 % FP

~op 7 o 5 ud Max Quadrant Tilt +0.55%
~

-

op 8 30 % wd,

-

.

.

1

;.

e 1: !

Centerlines

1.21 1.60 1.60 1.88 1 54 1.68 1.72 1.21 -.

1 33 1.60- 1.61 1.82 1.59 1.61 1.75 1.21

1.51 1.86 1.59 1.74 1 32 1.23 0.99
-

1.60 1.76 1.63 1.66 1.37 1.27 0.98

1.61 1.81 1.41 1.28 0.82 0.60
1.69 1.75 1.48 1 30 0.92 0.56

~

,

1.48 1 55 1.08 0.90
~

.

1.56 1.45 1.17 0.89

1.19 1.16 0.73
1.21 1.08 0.64

.

0.85
0.69 -

N

N
%.

' N
Qmdrunt,,

Centerline-
,

.,

9

X.XX Predicted Values '

)
X.XX Measured Values

i

O .

O
e

1
-

.

|
-
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FIGURE 2.19-5--

CGeARISON OF PREDICTED AND CAIfULATED SIEADY STATE RELATIVE -
'

RADIAL POWER DISIRIBUI' ION AT 75 % FP, EQUILIBRIUM XDON
,

.

. -.

,
-

. ,
.

Measumment Conditions- '
, ,

Cortrol Rod Group Positions Cbm Power Imvel 75 % FP-

Ops 1--4 100 % wi Baron Concentration 1074 opm -

Op 5 100 % ud Com Burnup 12.2 EFFD-

op 6 71.1 % wi Axial I:2alance -M.C% FP
Op 7 0 % wi Max Quadrant Tilt -0.67 %

- op 8- 30.7 % wi .

.

~

I.-
.

. -

Centerlines

1.00 1.32 1 30 1.46 1.13 1.25 1.28 0.9n-
-

1.04 '1 31 1.28 1.41 1.18 1.23 1.31 0.91
-

.

.

'j 1.25 1.51 1.24 1.27 .0 99 0 92 0.74,

'
- 1.26 1 37 1.25 1.27 1.04 1.01 0.74 1

-

:
1.27 1.34 0 96 0 94 0.62 0.46
1.31 1 34 0.98 0.99 0.69 0.45

.

1.05 1.12 0.82 0.69
1.09 1.06 0.88 0.70

; 0 91 0.91 0.58
0.93 0.85 0.51 -

-

0.68
05(

\,-

N " ant41adi.

Centerline'
,

.

; i
.

.

4

x,xx . Predicted Values
!

X.XX Measured Values

' . -'
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'{IGURE 2.19-6. .. -.

,

CCMPARISON OF PREDICTED AND CAIEULATED SIEADY STATE'1UTAL -
-

''

PEAK POWER DISTRIBUTION AT 75 % FP, EQUILIBRILE XE20N
O'
LJ "-

.

.

Measumnent Corditions-
- ,

"Cortrol Rod Group Positions Com Power Level 75 % FP
*

Ops 1-4 100 % ud , Baron Concentration 1074 pp:n..

op 5 100 % ud Com Burnup 12.2 EFFD
Op 6 71.1 % wd Axial Imbalance -14.4 % FP.

Op 7 o % ud Max Quadrant Tilt' -0.67 %
Op 8 30.7 % W.,

.

. -

.

.

.

.

i h
,

Centerlines
|

1.29 1.72. 1.74 2.04 1.67 1.76 1.72 1.19 -
-

-

1.37 1.73 1.68 1.88 1.65 1.67 1.76 1.17 '

,

-

1.64 2.03 1.75 1.88 1.39 1.24 0.98
1.65 1.87 1.75 1.79 1.42 1 33 0.98

'

1.77 1.99 1 53 1 36 0.84 0.60
1 77 1.85 1.54 1 36 0.91 0.59 !

,

.

~

1.62 1.68 1.16 0.94.
. .

1.64 1.53 1.21 0.91

1.29 1.24 0.78
1.26 1.12 0.66

'

O.91
'

0 72

.
-

N
Quadrant'
Centerline

,

I
.

X.XX hredicted Values
X.XX sleasured Values

,

y . .

'
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FIGURE.2.1927 -
, ,

...,

031PARISON CF PREDICIE AE CAIEULATED STEADY STATE REIATIVE
RADIAL POWER DIsuti.b(1 TION AT 100 % FP, EQUILIBRI1N :E20N

,

- ~ -; .,

,
~

Measumment Conditiens-
.

,

'Control Rod Group Positions Co m Power Ievel 100 % PP *

ops 1 4 100% wd Baron Concentration 1079 ppme

Op 5 100% ud Core B.trnup 20.2 EFPD 1.

op 6 94% ud Axial Imbalance .-8.2:% FP
'Op 7 17.4% ud Max Quadrant Tilt -0.7s %.

Op 8 13.1% ud-

. .

' '

.

. -

. ..
-

.

t. .

' '

. @m . ~

Center 11nes

1.02 1.28 1.27 1.43 1.16 1.24 1.24 0.88 .
_

1.09 1.29 1.24 1 39 1.19 1.23 1.29 0.88
,

.

1.22 1.45 1.23 1.27 1.00 0 92 0.74
-

1.22 1 33 1.23 1.27 '1.05 1.01 0.73

1.25 1.33 0 98 0.95 0.66 0.48
1.28 1.34 0.99 1.01 0.75 0.47

'
~'1.08 1.13 0.83 0.72

1.13 1.07 0.88 0.72 -
, ,

0 92 0.90 0 58,

0 91 0.84 0.50
_

0.67
0 54

\

'

N
Quadrant'
Centerlines

,

1-.,

X.XX Predicted Values
,

X.XX Measured Values

-
. .

.
,

.
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QPIPARISCN OF PREDICTED AND CAIEULATED SIEAUf STATE'1 MAL -

'- PEAK POWER Lua.s11' ION AT 100 % FP, E UILIBRIUM XENCN,

-. ...

.

:.
* '

Measurement Conditions'- *
. . .

.

"Cont:rol Pai Group Positions. Carw Power Invel 100 % FP
-

Ops 14 100 % ud Baron Concentration lui9 <spm,,

op 5 100 % ud Core Burnup zu.a arD
op -6 94 % wd Axial Istalance -6. 4 . % FP
Op 7 17.4 % ud Max Quadrant Tilt -0.75 %
op 8 131 % wd

'

,

|
*

.
.

!
.

:
.

i. t.g
Centerl.ines

1.57 1.76 . i
-

.

1.61 1.75

1.75 1.69
1.66 1.59

'

1.75
1.82

.

1 .

-
.

.

l
N

.

*
.

\ uadrant 'Q,

Centerline'
,

.

x,xx Predicted * Values
X.XX Calculated Values

.

*0nly points computed for comparison

.

- 138 -. .

'

'. :. .

<
.

.



.._. _ __ ._. __

2.20 REACTIVITY COEFFICIENTS AT POWER

2.20.1 PURPOSE

The purpose of this test was to measure the temperature
coefficient (aT) and the power doppler coefficient (aPD)
at 40, 75, and 100% of full power; to determine the doppler
coefficient (ap) and the moderator coefficient (aM) from
the measured values; and to compare the results with pre-
dicted values.

Acceptance criteria for this' test were that the power
doppler coefficient be more negative than -0.55 x 10'"
(ak/k)/%FP at 100% of full power, and that the moderator
coefficient must be non-positive when extrapolated to
95% of full power.

2.20.2 TEST METHOD

At 40, 75 and 100% of full power the temperature coefficient
and power doppler coefficient were measured. This was done
by measuring the differential worth of the controlling rod

O group.by the fast insert and fast withdrawal technique; vary-
ing the reactor coolant system average temperature by 5*F
and measuring the resulting temperature change and controlling
rod group motion required to maintain the same reactor power;
and by reducing the reactor power level by 5% of full power and
measuring the resulting power change and controlling rod group
motion required to maintain criticality. The rod motion due
to temperature change or power change was then related to
reactivity from the differential rod worth and the. temperature
and power doppler costficients were then calcualated.

The doppler coefficient was then calculated from the power
|doppler coefficient as follows using the inverse of the pre-

dicted rate of fuel temperature rise per increase in power
!

level I

%FPap .aPD X
"F

The moderator coefficient was determined from the temperature
and doppler coefficients as follows:

- og =or an
-

Ov

,
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2.20.3 RESULTS AND EVALUATION
4 1

The results of the reactivity coefficient test are summarized
in table 2.20-1.

The measured temperature and doppler coefficients agreed very
well with predicted values. The power doppler coefficient was
less negative than predicted and well below the maximum
acceptable value. The moderator coefficient was more negative
than predicted and well below the non- rositive limit. The
extrapolation of the moderator coefficient to 95% of Mull
power indicated it would be negative for all Boron concen-
tration and power level.

2.20.4 CONCLUSION

The measured values of all reactivity coefficients were
well within the acceptable limits.

The acceptance criteria of this test were met in full without
deficiencies.

O

,

f

!

.

,
,
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'. | TABLE 2.20-1*
- -

,

I

% SERGIARY OF MEASURED AND PREDICTED REACTIVITY COEFFICIENTS |
1

1

|
*

.

.
.

,

|.

Reactor Power Level (% full' power) -

|.

,

*
|

Parameter 40 75 '100 |,

|

|
,

Control Rod Assembly 6- 74 73 90.

* Group (% *ithdrawn) 7 0 'O 17
*

|
-

.

* *
8 30 12 7

|-

|

Baron Concentration (ppm) 1151 1079 1060 '

. .

Differential Rod Worth

A k/k 0.0107 0.0113 0.0092y
0F

r

Temperature Coefficient
Measured -0.23x10-4 -0.31x10-4 -0.41x10-4

a k/k
oF Predicted -0.04x10-4 -0.22x10-4 -0.30x10-4

Power Doppler
Coefficient Measured -0.97x10-4 -0.92x10-4 -0.84x10-4

'

,

A k/k
Predicted -1.37x10-4 -1.28x10-4 -1.16x10-4% Full power

Doppler Coefficient
Measured -0.14x10-4 -0.13x10-4 -0.12xiO-4

A k/k
OF Predicted -0.19x10-4 -0.20x10-4 -0.16x10-4,

.

'

Moderator
| Coefficient Measured -0.09x10-4 -0.18x10-4 -0.29x10-4
! a k/k

0F Predicted + 0.15x10-4 -0.04x10-4 -0.14x10-4 -

.-,
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2.21 INCORE DETECTOR TEST

2.21.1 PURPOSE

The power distribution within the core is measured at 364

locations (seven axial positions in 52 fuel assemblies) by
incore self-powered neutron detectors. The purpose of the
incore detector test was to verify:

(1) The proper operation of each incore detector and the
Incore Monitoring System

(2) That the measured core power distribution is consist-
eut with the design calculations

(3) The functional and operational requirements of the In-
core Instrumentation System as described in the Techni-
cal Specifications.

2.21.2 TEST METHOD

The incore detector test was performed at the 40% FP test plat-O After 3-D equilibrium Xenon was established, the uncorrect-eau.
ed and corrected SPND eignals for the seven levels of all detect-
ors ale'a with a 3-D power map, performance data output, and
heat balance wer . obtained form the plant computer.

The computer-generated correction factors for depletion and
length were then verified by hand calculations.

After verification of the correction factors, the best estimate
heat balance was used to calculate the average core segment power
Dividing the incore segment power (3-D power map) by the average,

core segment power yielded the relative power for'each incore
segment.

The 52 SPND strings are divided into 29 groups on the basis of
core symmetry. The relative power axial distributions were
plotted for comparison with the calculated power- distributions
and SPND strings of the same group.

2.21.3 EVALUATION OF TEST RESULTS
-

The detector outputs were found to be consistent and reason-
able. The hand calculations for length and depletion correct-

f ion agreed well with the computer values.-

U

. .
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Comparison of the relative power axial distribution plots to the
predicted axial distributions in the Physics Test Manual indicated
only a very general a iement. Good agreement could not be ex-
pacted since the predt ced conditions (Group 8 @ 37.5% WD and
0% Xenon) were either not in effect or not attainable. Subse-
quant analysis of data obtained in other test procedures supports
the conclusion that the relative power plots are correct and
acceptable.

2.21.4 CONCLUSIONS

The acceptance criteria of the test were met. Specifically, the
required backup detectors were operable and the hand corrected
signals agree with the computer corrected values.

Generally, the detector outputs are consistent and reasonable,
the testing confirmed the satisfactory operation of the incore
detector system, and the incore detectors have performed accord-
ing to design during the startup phase.

,( .

.

,
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2.22 ROD REACTIVITY WORTH MEASUREMENT

2.22.1 OBJECTIVE

The rod reactivity worth measurement procedure was used to
measure control rod group differential and integral worths
during the Zero Power Physics test by making soluble poison
changes while compensating with control rod motion
and for measuring control rod group differential worths at

'

power using the fast insertion / fast withdrawal technique.,

These measurements were used to verify calculated rod worths,
for use in other reactivity measurements and to verify the
acceptance criteria of the test which were that control rod

i

differential worths must be less than .0303 %6K/K/%wd to
limit the maximum reactivity insertion rate yet greater than
.000835 %AK/K/%wd to allow adequate reactivity for control.

2.22.2 METHOD

2.22.2.1 Soluble Poison Change - Rod Swap Method

During the Zero Power Physics Test, the control rod
group differential and integral worths were measured

/''N by deborating and inserting control rods in the core(m,) in discrete steps while measuring rod motion and re-
activity changes using the Babcock & Wilcox Reacti-
meter. The rod motion was related to reactivity
changes from which control rod group worths (differ-
ential and integral) were determined.

2.22.2.2 Fast Insertion / Fast Withdrawal Method I

During power escalation testing at the 40% FP, 75%
FP and 100% FP plateaus, controlling rod group differ- |

ential worths were measured in order to verify accept-
ance criteria and to facilitate measurement of reactiv-
ity coefficients. The method used was to establish !

steady state equilibrium conditions and measure the
|reactivity change associated with a six second rod insert-
i

ion followed by a six second withdrawal. The reactivity j
change was related to control rod movement to deter-

)mine the controlling rod differential worth in % 6K/K/%wd.
|
l

2.22.3 RESULTS AND EVALUATION

1

2.22.3.1 Integral Control Rod Worths (Soluble Poison / Rod Swap) j

,_ -

.

G
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Th'e results of the integral control rod. worth
measurements by the soluble poison / rod swap method
used during zero power testing are tabulated in
Table 2.22-1. These results show very good agree-
ment between measured and predicted values.

2.22.3.2 Differential Control Rod Worths (Fast Insertion /
Fast Withdrawal)

,

The results of the differential control rod worth
measurements by the fast insertion / fast withdrawal
during power testing are tabulated in Table 2.22-2.
These results are in excellent agreement with pre-;

dicted values and are well within acceptance criteria.
;

j 2.22.4 CONCLUSIONS

Both methods used to determine control rod worths yielded accept- '

able results. All measured values compared well with the pre- ;

dicted control rod worths.

The acceptance criteria for maximum and minimum differential
control rod worths were met.

,

|

|
.

.

.

|

f

.

.
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_ Table 2.22-1

,

INTEGRAL ' CONTROL ROD WORTHS MEASURED BY-
THE SOLUBLE POISON / ROD SWAP METHOD DURING

'

ZERO POWER PHYSICS TESTING

.

Predicted Measured
Group No. Rods. Worth. %AK/K Worth %AK/K

5 12 -1.07 -1.09
6 8 -1.22 -1.14
7 9 -1.20 -1.05
8 8 -0.38 -0.37

:

Table 2.22-2

O DIFFERENTIAL CONTROL ROD GROUP WORTHS'
i

BY THE FAST INSERT / FAST WITHDRAWAL METHOD |

;

1Controlling Group Differential Worth %AK/K/%wd |Reactor Power and Position Measured Predicted j
. <

40 6 @ 72.6% wd .01067 .0111
75 6 @ 68.6% wd .01131 .0117

100 6 @ 89.4% wd .0092 .0092 j

4

|

.

<

I

1
'
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2.23 POWER IMBALANCE DETECTOR CORRELATION

2.23.1 PURPOSE

The Power Imbalance Detector Correlation Test had two ob-
jectives - to determine the relationship between out-of-.

core and incore imbalance and to verify the adequacy of the
imbalance system tt!p setpoints.

2.23.2 TEST METHOD

Imbalance measurements were made to determine the accept-
ability of the out-of-core detectors to detect imbalance and
to establish a basis for verifying that DNBR and LHR limits
would not be exceeded while operating within the flux / delta
flux / flow envelope set in the Reactor Protective System. These
imbalance measurements were made at different part length rod
positions with two different gain factors applied to the multi-
plier on the delta flux amplifier output.

In performing the test, part length rod position was varied
and reactivity compensation made by rod groups 6 and/or 7. At
each rec,uired incore imbalance, core power distribution and
other data were taken. From these data, plots of incore off-

Os
set versus out-of-core offset were maintained. In addition,
minimum DNBR, and maximum LHR were also obtained to assure
safe conduct of the test. Offset = (Imbalance /%FP) 100%.

The relationship between incore offset and out-of-core offset
has been determined to be a linear equation of the form below:

OCO = M x GF x ICO + B

Where: OCO = Out-of-Core Offset (percent)
ICO = Incore Offset (percent)

M = Slope of Relationship
B = Intercept at Zero ICO -

GF = Gain Factor

From the 40% FP plot of incore offset versus out-of-core offset
(GF = 3.7), the initial slope was determined. With this value,
it was then possible to determine the gain factor necessary to
meet the acceptance criteria by using the equation below:

GF = [M;/M ] x 3.71

* Where: GF = Gain Factor
Mi = Slope derived from offset relationship with

gain factor equal to 3.7
' M2 = Desired Slope
s

.
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2.23.3 EVALUATION OF TEST RESULTS

The measurement of the relationship between the incore and
outeof-core offset at 40% FP resulted in a linear equation
with a conservatively calculated slope of 1.14. Using this
value and the slope of the acceptance criteria of 0.920, the
required gain factor was calculated to be 3.0. The gain fac-

,

tor was, therefore, adjusted to 3.0 prior to the 75% FP
measurements. From these measurements, a conservatively es-
timated slope of 1.0 was obtained. All data points fell well
within the acceptance criteria. The slope obtained is greater
and, therefore, more conservative than the acceptance criteria.
The incore vs. out-of-core correlation was also found to be
acceptable for the minimum 23 incore monitors as read out on
the backup incore recorder.

During testing, the computer calculated minimum DNBR and max-
imum LHR were recorded against incore offset. Extrapolation
to the maximum operational power envelope from the 75% FP data
results in a minimum DNBR and a maximum LHR of 3.5 and 16.9
kw/ft, respectively, which are within the acceptance criteria

''T of 1.55 and 17.2 kw/ft.(V
In similar fashion, extrapolation to the over-power trip set-
point resulted in a minimum DNBR and a maximum LHR of 3.4 and
17.6 kw/ft, respectively. Acceptance criteria being 1.55 and
20.1 kw/ft.

2.23.4 CONCLUSIONS

Upon completion of power imbalance detector correlation testing
at 40 and 75% FP, the following conclusions were drawn:

(a) The relationship between the incore and out-of-core
offset is linear with a constant slope.

(b) The imbalance trip envelope as set in the Reactor Pro-
tective System will protect the reactor core from exceed-
ing LHR and DNBR limits when a gain factor of 3.0 is
set in the circuit.

.

.

'v
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2.24 DROPPED CONTROL ROD TEST
,

2.24.1 PURPOSE

There were four major objectives in conducting the dropped
control rod test:

A. To verify that minimum DNBR and maximum linear heat rate
values did not exceed acceptable 1Laits with the worst
case control rod dropped in the core while operating at
power.

'

B. To demonstrate that the asymmetric alarm lamp and asym-
metric fault lamp are each activated by an asymmetric
control rod at the appropriate setpoints.

C. To show that reactor power is automatically reduced by the
integrated control system when a control rod asymmetry
fault exists and the same control rod groups in-limit is
activated.

D. To demonstrate that automatic control rod withdrr.wal is
inhibited beyond a predetermined power level when a control

'

rod asymmetry fault exists and the in-limit for that control
rod group is activated.

2.24.2 TEST METHOD
'

The methods t aa. to test that the four objectives in the pur-
pose were met are as follows:

A. The control rod in core location H-12 (& symmetric locat-
ions) was calculated to cause the most adverse thermal
conditions by a computer simulation of core operation at
power. The control rod in this core location (group 6,
rod 3) was inserted in small steps while operating at 40%
FP. The plant computer was used to measure the power
distribution and thermal conditions. The reactivity in-
serted was compensated by withdrawal of the other rods
in group 6 to maintain 40% FP. The differential worth
of rod 6-3 was measured at each increment of insertion
to determine the integral reactivity worth of the dropped
rod.

B. Since an inadvertently dropped control rod must be detected
By means of the asymmetric control rod detection system,
this system was verified to indicate an asymmetric rod at

%)
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the appropriate setpoint as rod 6-3 was inserted for
the test.

C. The dropped rod test was conducted at 40% FP; thus it
was necessary to reset the automatic runback from 60%
to 30% FP for the conduct of this test to verify a run-

;. back would occur. An asymmetric rod and an in-limit were
simultaneously simulated for the same rod and the runback
feature was tested.

D. An attempt was made to withdraw control rods following the
~

simulation in C in order to test the automatic control rod
; withdrawal inhibit.

2.24.3 RESULTS AND EVALUATION

The results of the portion o'f the test which was used to check
the core power distribution are summarized in table 2.24-1.*

The resultant core power distribution is reported.in figures
2.24-2 & 3. Integration of the differential control rod worths
which were taken during the insertion of rod 6-3 shows that the
inserted rod worth was 0.088%AK/K.

The test showed that the incore monitors are capable of detect-O ing a dropped control rod and the power peaks were such that the
ivicinity of the dropped rod was distinguishable.
|

A core thermal analysis utilizing the incore monitors and the !
plant computer indicated a minimum DNBR of 8.17 and a maximum

j
linear heat rate of 7.01 kw/ft. When these values are extra-
polated to the overpower trip setpoint of 105.5%FP, the DNBR
is 3.4 and the maximum linear heat rate is 18.5 kw/f t. These
are well within the Technical Specification limits of 1.3 and
20.1 kw/ft respectively.

f

The asymmetric rod indications, dropped rod automatic power !
runback and automatic control rod withdrawal inhibit portions I

of the test were completed successfully. |

2.24.4 CONCLUSIONS

All acceptance criteria were met for the Dropped Control Rod
Test. The indicators and alarms detected the asymmetric con-
trol rod, the power was run back and automatic control rod
withdrawal was inhibited when the control rod was asymmetric
and the "in" limit detector was activated.

.

I
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The minimum DNBR and maximum Linear Heat Rata extrapolated
to 105.5% of full power were respectively greater than 1.354

; and less than 20,1 kv/ft. The incore monitoring system was
'

shown to be an effective indicator of a dropped control rod.
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TABLE 2.24-1

' CORE POWER DISTRIBUTION AND THERMAL HYDRAULICS DATA

TAKEN DURING PERFORMANCE OF DROPPED CONTROL ROD TEST

'
MAXIMUM MINIMUM EXTRAPOLATED EXTRAPOLATED MAXIMUM

ROD INCORE QUADRANT TILT % LINEAR DNBR2 LINEAR DNBR POWER
,

POSITION IMBALANCE HEAT RATE HEAT RATE 0105.5% PEAK
%WD WX XY YZ ZW (kw/ft)I @ 105.5 FULL POWER.

% FULL POWER4

____

77.5 -5.10 + .171 + .567 .145 .593 5.86 10.38 15 .45 5.6 1.76-

50.2 .23 + 5.25 - 4.42 - 5.20 + 4.40 6.24 9.36 16.45 4.6 1.78

0 -3.11 +13.12 -12.36 -12.93 +12.17 7.01 8.17 18.48 3.4 2.02
n
,

I

IMaximum Linear Heat Rate has Been Multiplied By 1.417 to Allow for Possible Uncertainties.

2Minimum DNBR Has Been Reduced By 0.68 to Allow for Possible Uncertainties.
.
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40% FP DROPPED ROD TEST - CALCULATED FIGURE 2.24-2
RADIAL PEAKING FACTORS - X FUEL TRANSFER
(HAND-CALCULATED) CANAL >

,m

*

--

i
,

,

|
'

A >

l
_

| 1.038 1.356
B I 1.064 1.388 |.,

I ' 1.124 1.454 1

i :0.991 1.045 0.990 0.535.

C 1.039
|

1.077 1.003 |0.515
1.114 1.104 1.002 0.982

1.07 7 -

! 1.001 1 0.510 :
D 1.159 0.997 r 0.475 i

'

1.254 0.976 0.422-
1.098 1.222 1.221 1.094 :

E 1.186 1.286 1.248 1.10's !
1.295, 1.355' 1.248 1 98 ! '

| 0.997 1.334 1.238 | 1.012!1.006 |
p _I 1.058 1.386 1.266 0.929'0.895

{1.172 1.460 1.299 0.786 0.736.t,

57998 1.223 1.337 1.208 1.233 11.079*'

%.907 f1.046 1.304 1.408 1.190 1.110c ,. 1.169 11.422 1.516 1.159 .0.936 0.680 |
,0.953 1.375 0.982 1.241 Rod 1.251

|'O.985 1.474 0.997 1.216 6-3 1.018 iHe
| |1.103 1.604 1.015 1.174 | 0.723 |

'

\ 1.223 1.231 1.260t;

_' 1.306 1.107 1.071,
; 1.425 ,0.932 0.814-

0.714 0.952 1.227 1.313 0.996 1 ;

L ; 0.749 1.010 1.351 1.253 0.889' 1

O.833 1.121 1.452 1.118 0.731 !.

0.915 1.256 1.203 1.311 0.703
M 0.960 1.320 1.230 1.320 0.638

1.064 1 1.391 1.232 1.272 0.552
0.920 1.229 1.259

N 0.974 1.307 1.305
1.069 1.346 1.319

0.866 0.967 0.911 0.859
0 0.907 1.012 1.000 0.835

0.985 1.089 0.998 0.797,

0.711
P 0.731 .

0.783.,
'' i- O.749 0.445 i

R 0.761 0.447
0.809 0.462 |

.

1 2 -3 4 5 6 7 8 9 10 11 12 13 14 15

Z
fy
i > X.XX 6-3 @ 77.5% wd=

6-3 @ 50 % wdY.YY =

6-3 @ 0 % wdZ.ZZ =

'

.

~
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FIGURE 2.24-3
40% DROPPED ROD TEST - CALCULATED Fusi Transfar
TOTAL PEAKING FACTORS X Canzl 3
(HAND CALCULATED)

.

.'
| i I

'

A l
' *

.

} ' |

|1.310{1.677
1.238il.710 i

B
i,

1_447'l 897'

11.267. 1.335 1.276 '0.674-

C
|1.314| | 1.282 1.205 'O.666

-

1_&77' 1_199 1_101 0.623
'1.426 1.450 | O.631-

D
|1.431 1.269 0.551j
1.675 1.348 0.558~

1.455 1.533 1.571 1.530 -

E 1.473 1.541 1.448 1.336 -

1.6R0- 1.732' 1.646 1.323 '
-

1.301 1.694 1.530 1.441;1.271 :
F -- 1.306 1.683 1.537 1.247!1.097 | .

LM( I 1.871 1.682 1.099 '1.027 ' i i
1.246' 1.607 1.673 1.5 14 '1.575 fl.339 i

-

G
1 .155 |

- 1.264 1.592 1.687 1.400 1.384 1
l1.460 11.814 1.905' 1.487 1.200 t0.968| 1 :

<

w,1.181 1.761 1.231 1.497i ! Rod 1.573 !
'

iH 1.186 1.775 1.154 1.415 ! 6-3 1.356 ! i

1.367 2.020 1.234 1.498 l 0.934 ! |
v, il.568 1.555 1.631!

~
'

- - 1.585 1.365 1.415
1.807 l 1.203 2.099 i

'

0.872 1.255
|

1.651' |- 1.648 1.293 iL l
-

|0.952 1.222 1.678 1.444 1.113i

1.094 1.413 1.898 1.489 0.997 |
.

1.135 1.549 1.533 1.702 0.870
1.435|'1.565M 1.193 1.716 0.755

1.368 1.914 1.555 ;1.659 0.735
1.182 1.546 1.639

N 1.196 1.639 1.582
1.368 1.798 1.714

1.15 1 1.280 1.293 1.0610 ,1.081 1.243 1.128 1.0 12
1.229 1.400 1.367 1.053.

0.909
P 0.862

0.970,

' '
'

O.964 0.554R
0.905 0.542
1.008 0.588,

1- 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Z

w/
X.XX = 6-3 @ 77.5% wd
Y.YY = 6-3 @ 50 % wd-

Z.ZZ = 6-3 @ 0 % wd
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2.25 PSEUDO CONTROL ROD EJECTION TEST

2.25.1 PURPOSE
.

The purpose of the pseudo control rod ejection test was
to measure the reactivity worth of the most reactive control
rod if ejected from the reactor core while operating at power
and the subsequent core power distribution. These measure-
ments were used to verify that the ratactivity worth assumed
in the Safety Analysis Report is conservative.

2.25.2 TEST METHOD

Control rod assembly 7-1 was withdrawn from the core in 20%
increments while operating at 40% FP and compensating for
reactivity increases with CRA Group 6 insertion to maintain
the reactor critical. At each 20% step, the differential
reactivity worth of Group 6 was determined and a worst case
core thermal conditions calculation was made.

At the point of 100% withdrawal of CRA 7-1 a complete core
power distribution measurement from the incore monitors was
made to determine the magnitude of power peaking factors.

The integral worth of CRA 7-1 was obtained by integration of
the Group 6 differential reactivity worth over the length of
travel of Group 6 rods. The values calculated for DNBR and
Maximum Linear Heat Rate were compared to acceptance limits

,

at each 20% increment of CRA 7-l's movement.,

i

2.25.3 RESULTS AND EVALUATION

The test results are tabulated in Table 2.25-1. Radial and
total power distributions for the worst case (CRA 7-1 @ 100% |

w.d.) are reported in figures 2.25-1 and 2.25-2. Since the
ejected rod was located in the center of the core, the power
distribution is reported using 1/8 core synsnetry.

The reactivity worth of CRA 7-1 as measured by integration
! of the Group 6 differential worth over the Group 6 travel is

0.20%'AK/K. Using the calculated integral control rod worth
curves provided by Babcock & Wilcox Company in the ANO-1
Physii:s Test Manual to relate the reactivity to the Group 6
travel, a value of 0.47% AK/K is obtained. Both results are
lower than the acceptance criteria limit of 0.65% AK/K. The
measured value agrees reasonably well with the predicted value jd of 0.49% AK/K. '

,

I
\
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The power distribution data taken at the worst case conditions

(CRA 701 0 100% w.d.) indicated a maximum linear heat rate of
12.72 KW/ft (A conservative multiplicative correction factor
of 1.417 has been applied to the computer measured value due
to measurement uncertainties) which was below the 17.2 KW/ft
LOCA limit and the minimum DNBR was 4.53 (the measured DNBR
has been reduced by a subtractive factor of 0.68 to correct
for measurement uncertainties) which was well above the accept-

,

able minimum of 1.55,

2.25.4 CONCLUSIONS

The measured worth of CRA 7-1 when ejected from the core at
power was found to be between 0.20 and 0.47% AK/K. This is
well below the maximum allowable worth of 0.65% AK/K specified
in the Technical Specifications,

t

O

.

O'
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Table .2.25-1.

~
'

Susamary of Results of the. Pseudo Control Red Ejection Test

.
.

.

.

CRA 7-1 CRA Gp 6 Gp 6 Incore Outcore Min.* Max **
%vd % ud %AK/K/% vd Imbalance Imbalance DNBR KW/ft

0 68.2 .0127 - 4.48 - 5.05 ---

20.5 65.4 .0114 - 7.32 - 7.78 --- ---
.

41.1 60.9 .0100 -11.02 -11.34 4.90 11.59

63.0 58.2 .0100 -14.44 -14.81 4.56 12.26

81.0 49.0 .0105 -13.79 -14.43 4.53 12.54

___100.0 47.9 .0097 -13.32 -13.87 4.57 12.72
.

.

,

.

.

| -

.

* Computer calculated DNBR reduced by 0.68

** Computer calculated Max LHR multiplied by 1.417

NOTE: Thesecorrectionsaremadetocorrectfodmeasurementand
calculational uncertainties.

| <'
.

| .

.
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', FIGURE 2.25-1

PSEUDO' CONTROL ROD EJECTION TEST
*
.

Total Local Power Peaking Factors Pmaz/P core

*

8 9 10 11 12 13 14 15

1.33 1.60 1.61 1.82 1.59 1.61 1.75 1.21
H 3.48 3.02 2.37 2.29 1.85 1.79 1.91 1.26

1.60 1.76 1.63 1.66 1.37 1.27 0.98
K 2.53 2.48 2.03 1.86 l'.49 1.37 1.01

_

1.69 1.75 1.48 1.30 0.92 0.56
L 2.16 2.01 1.40 1.32 0.75 0.61

;

1.56 1.45 1.17 0.89OM 1.70 1.48 1.20 0.87;

N 1.21 1.08 0.64
1.25 1.13 0.65

.! l

*0 0.69
I 0.72

;

i P
!

R

Reactor Power = 40% FP

X.XX CRA7-1 @ 0% w.d.
X.XX CRA7-1 @ 100% w.d.| O'

.
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FIGURE 2.25-2 ,. .,

, .
,

PSEUDO CONTROL ROD EJECTION TEST (40% FP) -

Radial Power Peaking FactorsO .' Fuel Assembly to Average Fuel Assembly P/P core i

.

..

8 9 10 11 12 13 14 15

1.02 1.28 1.27 1.38 1.22 1.25 1.36 0.96
H 2.258 2.008 1.493 1.480 1.098 1.127 1.223 0.86

K 1.24 1.36 1.23 1.26 1.04 1.04 0.75
1.748 1.636 1.296 1.193 0.948 0.942 0.672

L 1.29 1.31 0.98 0.98 0.72 0.46
1.417 1.302 1.092 0.893 0.571 0.400

i

1.07 1.0h 0.86 0.70O' M
0.932 0.952 0.770 0.628 |

1

!

l
IN 0.91 0.86 0.51

0.794 0.764 0.452

I
-

l . . .

1 0.53-

0 0.470

P

k.

Reactor Power - 40% FP

1('') X.XX CRA 7-1 @ 0% w.d.( j .

; X.XX CRA 7-1 @ 100% w.d. |

|
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2.26 TURBINE / REACTOR TRIP TEST

2.26.1 PURPOSE

The purpose of the Turbine / Reactor Trip Test was to measure
' the plant response during and after a deliberate turbine or

reactor trip from power. Specifically, the trip tested the
control of: Pressurizer Level, eactor colant Pressure,
Reactor Coolant Temperature, Feedwater Flow, OTSG Level, and
Main Steam Pressure during a turbine or reactor trip.

The Turbine / Reactor Trip Test provides data that can be used
to optimize the performance of the Integrated Control System
and provide baseline data for comparison with future perform-
ance data.

The acceptance criteria specified by the test are:

A. The Reactor Coolant System must remain within its safety
limits.

B. The OTSG outlet steam pressure, pressurizer level, OTSG
level, feedwater level, and turbine bypass system remain,

within their respective limits.

2.26.2 TEST METHOD

A. The Reactor Trip Test was performed at 40% FP by manually
tripping the reactor from the control room console. Data

parameters were recorded during the transient. Specific
data was plotted for comparison with the design limits re-
quired by the acceptance criteria.' (See figures 2.26-1
through 2.26-5)

B. The Turbine Trip Test was performed at 100% FP by manually
tripping the turbine from the control room console. Data
parameters were recorded and plotted in the same manner
as for the reactor trip. (See Figures 2.26-6 through
2.26-10) j

i

|2.26.3 RESULTS AND EVALUATION
!

The nicasured parameters were compared to the design values by
plotting the recorded values versus time as shown in figures
2.26-1 through 2.26-10

a
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During the Reactor Trip Test at 40% FP Figure 2.26-3 shows
that pressurizer level exceeded its design low level limit
of 40 inches by 9 inches. This was due to a more rapid than
normal cooldown rate when a code safety valve blew back ex-
cessively following the trip. Further evaluation has shown
that maintaining indication of pressuri:er level is adequate
to show that RCS volume exists to cover the reactor core at
all times. All other data plotted were within acceptable
limits as can be seen in the remaining figures.

During the turbine trip from 100% FP, the reactor tripped due '

to pump power monitoring relay trips during the bus transfer
*

from the unit auxiliary transformer to the Startup transformer
#1 approximately 270 mSee after the Turbine trip. It is ex-
pected that the reactor would have tripped due to high RC
pressure had the transfer not caused the reactor trip. This

.

was demonstrated to be true by a later non-test trip and by |
'

testing at other similar B&W units. Since no reactor safety
limits were exceeded, this trip was acceptable. All other data
plotted were within acceptable limits as shown in Figures

.

2.26-6 through 2.26-10.
~

,

2.26.4 CONCLUSIONS

The data parameters recorded were within acceptable limits.
No reactor safety limits were exceeded and the Integrated
Control System performed as designed.

!

l

I
i

.
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, - 2.28 GENERATOR SEPARATION TEST
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Per conversations with the Nuclear Regulatory Staff, the' generatori

separation test will be performed and results submitted at a later:>

| date. i
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3.0 CONCLUSION

The results and conclusions summarized in the body of this report4

demonstrate that Arkansas Nuclear One Unit I has been properly de-
signed and constructed and operates in a manner that will not en-
danger the health and safety of the public.

With this. report, the preoperational and initial startup test pro-
gram for ANO-Unit 1 as described in the ANO FSAR is complete.
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;1.0. INTRODUCTION

.

On January. 27, 197.7, the'first refueling outage of ANO Unit 1 began

and was completed with successful achievement of criticality on
4

. April 2, 1977.

'

Zero Power Physics Testing, which commenced on April 2, 1977, was

successfully completed on April 5, 1977. This program was conducted at

0a reactor coolant temperature of 532 F and below the nuclear heat power
.

-level to eliminate any temperature feedback effects.

,

Power escalation was begun on April 5,1977. A testing program was
O carried out at three major power plateaus during the power escalation:

1 Power Level (%FP) Date

40 April 5, 1977
,

75 April 6, 1977
4

100 April 11, 1977

4

The startup and power escalotion testing sequence was completed on
- April'11, 1977. ;

L |

!

.

v

+
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[ PRECRITICAL TEST SUMMARY

''

q(f 2.0 CONTROL R0D ~ DRIVE TRIP TIME TEST

.

'

2.1 Purpose

The purpose of tae Control Rod Drive Trip Time Test was to

verify the integrated, functional trip capability of the Control

Rod Drive System and to determine for each control rod assembly,

the total elapsed drop time from the initiation of the trip

signal entil the control rod assembly was three-fourths inserted.

2.2 Test Method

Initial RCS conditions were established at a temperature of

approximately 5320F, at a pressure of 2155 t 30 psig, all four

f' 'j (4) reactor coolant pumps running, with Boron at a concentra-
' %)

tion of 2121 ppmB. Control Rod Groups 1 thru 7 were fully
1 ,

withdrawn and Group 8 (APSR's) was withdrawn approximately 25%.
, .

The Control Rod Drive Mechanisms (CRDM) were then tripped via the

manual trip button. The insertion times for each CRDM from

its initial position to its 3/4 insertion _ point were measured by

the plant computer Rod Drop Timer program. The printout of

this program includes trip initiation time, initial position

and trip insertion time for each CRDM (excluding Group 8).

2.3 'Results and Evaluation

An analysis of the drop times indicate that rods 4-6 and 2-7
:

were fastest at 1.133 + 0.017 seconds and rod 5-4 was the !-

I

slowest _at 1.200 t 0.017 seconds.

(~~) '

\m/
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i ~2.4 . Conclusions-
4

t. . .

!f . The' rod drop times were well below the-acceptance cri,geria;

1-

!: - stated in Section 4.~.7 of the. Technical Specifications of 1.46
'

,

:
:

|':. -' seconds-at-full flow. conditions.
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,4 HOT ZERO POWER TEST SUMMARIES

N~,)

3.0 ZERO POWER PHYSICS TEST
4

3.0.1 Purpose

.The purpose of the Zero Power Physics Test was to

verify the nuclear design parameters used in the

safety analysis, the Technical Specification limits,-
,

and the basis for the operational parameters. This

test was conducted after refueling and before power

escalation. Testing was performed at 532 F and 2155 psig.

The test included the following measurements:

A. Critical Boron Concentration for the "all rods

() out" and " rods inserted" conditions.

B. Moderator temperature coefficients for "all rods
.i .

out".and " rods inserted" conditions.

>

C. Control Rod-Assembly (CRA) Regulating Group Worth.,

.

D. Ejected Rod Worth.
,

3.0.2 Test Method.

Criticality was achieved by control rod withdrawal

and Boron dilution of the Reactor Coolant System

after system conditions had been established at 532 Fnv
'1

-4

, _ _ _ - _ , _ _ ._- _.. _ _ _ - .
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- 'and 2155 psig. During the approach to criticality,

(-sA--)-.

a plot of. inverse neutron count rate ratio versus

,

Boron concentration and time was maintained by using

' NI-1 and NI-2 ' of the nuclear instrumentation. After.

achieving criticality, nuclear power was increased.

L 6

and the-source and intermediate range nuclear instru-

mentation overlap was verified to be.in excess of one
,

decade. During this same increase in power, the

sensibic heating point was determined to be 10-7 amps, and
ithe upper power limit for Zero Power Physics testing+

was established at 5 x 10-8i
amps.

; Physics testing was then conducted which_ included the

} following measurements:

A. The "all rods out" Critical Boron Concentration.

.B. Moderator Temperatura Coefficient of Reactivity,

for."all rods out".

C. Differential and Integral Rod Worth of Control

; Rod Groups 7,6 and 5 by the rod versus-Boron

swap technique and the integral worth of Group 8

by the rod swap technique.

D. Critical Boron Concentration at a " rods inserted"

condition.-
O
U

J

-5-
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E. Moderator Temperature Coefficient of Reactivity

at " rods inserted" condition.

F. Ejected Rod Worth by the Boron swap technique.

,

d

0

.

i
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3.1 - DETERMINATION OF CRITICAL BORON CONCENTRATION

b
3.1.1 Purpose

The purpose of this test was to determine the Boron

concentration required to maintain criticality at Hot

Zero Power (approximately 10-9 amps) with all control

rods withdrawn and no Xenon and to check the Critical
i

Boron Concentration at a known critical control rod con-
1figuration. The resultant values are used to verify the ;

l

predicted fuel depletion curves used in OP 1103.15,

Reactivity Balance Calculation, and to verify the

predicted "all rods out" Boron concentration in the

Physics Test Manual.

O
-3.1.2 Test Method

The "all rods out" Critical Boron Concentration Measure- i

ment was made after criticality was achieved, nuclear
|

instrumentation overlap was verified,. and point of
i

sensible heating was established. The following initial

conditions were established:

.

A. Equilibrium Boron concentration attained,

B. Power leveled off at-10-9 amps, and i

C. Control Rod Groups 1-6 and Group 8 at

100% withdrawn and Group 7 at app timat-'y.v. -

85% withdrawn.

-7-
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7- The remaining reactivity held in the inserted portion
i
l'- of Group .7 was measured by withdrawal of Group 7 to its

out limit and concurrent doubling time measurements. The

-doubling time was converted to reactivity and the reactivity

to equivalent Boron concentration change using the Boron

differential worth. The "all rods out" Boron concentra-

tion is the sum of the measured Boron concentration and

the equivalent Boron from the reactivity measurement.

The Critical Boron Concentration at a condition other

- than "all rods out" was determined after the Control Rod

Reactivity Worth Measurements had been made. The pre-

dicted Critical Boron Concentration was determined for

( the case of Hot Zero Power, "all rods out", and Group 8 at

15'. withdrawn. The difference in control rod group worth

and APSR worth between the predicted conditions and the

-measured conditions was then determined. This reactivity

worth was then converted to an equivalent Boron concen-

tration change. The Critical Borc Concentration is the

sum of the measured Boron concentration and the equivalent

Boron concentration change.

3.1.3 Results and Evaluation

' Die results of the predicted Critical Boron Concentration

and' measured Critical Boron Concentration for "all rods

-

m.,|

-8-

~
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- out" and-" rods inserted" conditions are listed in Table,
-

<

I 3-1. Both measured Critical Boron Concentrations
;

compared favorably with the predicted values and were
,

4

! within the~ acceptance criterion of + 100 ppmB.
4
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'3.2' DETERMINATION OF MODERATOR TEMPERATURE COEFFICIEhTn .

.I
- V)

3.2.1 Purpose

Ele purpose of this test was to determine the moderator

temperature coefficient of reactivity at Hot Zero Power.

The values measured are used to verify that the moderator

temperature coefficient is within Technical Specification

limits, that the moderator temperature coefficient agrees

within specified limits of predicted values in the Physics

Test Manual and to provide data for the curves in OP 1103.15,
^

Reactivity Balance Calculation.

.
3.2.2 Test Method

t

'f'') The moderator temperature coefficient at Hot Zero Power
v

was measured by two methods. In both methods the first

step was to achieve steady state critical conditions at

approximately 10-9 amps on the intermediate range detectors.
'

The first ' method used a Reactivity Calculator to measure

reactivity changes as T was varied by adjusting theave

turbine header pressure setpoint. The second method

used control rod worth curves measured per Control Rod
-

Reactivity Worth Measurements, to determine the reactivity

changes as T was varied while just critical conditionsave

were maintained at 10 -9 amps by control rod motion.

The moderator temperature coefficient' at hot conditions
(3y ,/ with all rods withdrawn was measured using the Reactivity

-

-

Calculator method. The moderator temperature coefficient

o

. ,. __- 10 __. _ . _ . _ _ __ _ .,,
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I ~g ~ of reactivity at hot conditions with regulating control
j

rod assembly groups inserted was measured after the

Control Rod Reactivity Worth Measurements were made and

utilized both Reactivity Calculator and Rod Swap Methods.

3.2.3 Results and Evaluation

The measured and predicted values of moderator temperature

J coefficient for the conditions of "all rods out" and " rods

inserted" are listed in Table 3-2. The measured values

of moderator temperature coefficient compared favorably
~

with the predicted values and all are within the acceptance

criteria of ; 0.4 X 10-4 AK/K/ F of the predicted values

and less than + 0.5 X 10-4 AK/K/ F at Hot Zero Power,,

\m_) conditions. The extrapolation of the moderator tempera-

ture coefficient to 95*. of full power indicated it would

be negative for all expected Boron concentrations and

allowable control rod configurations.
:

t I
\.,t

,11.-
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3.3 CONTROL ROD REACTIVITY WORTH MEASUREMENT
.-

'

Li.
~ 3. 3.1 ' Purpose

The purpose of this test was to detemine. the integral

worth of the regulating control rods and Axial Power
,

Shaping Rods at Hot Zero~ Power ( =10-9 amps) for the

purpose of updating the' integral control rod worth curves

in the Reactivity Balance Calculation and for comparison

with we predicted worths. It also was to detemine

the adequacy of the shutdown margin analysis for the

reload core.

!

3.3.2 Test Method

The initial Boron concentration of the RCS was first

( determined by sampling. Then, using the predicted control

rod worths from the Physics Test Manual, the amount of ~

Boron dilution required to bring the control rods from
' 'the "all rods out" condition to the normal operating con-
'

figuration, Group 6 at 88% withdrawn and Group 8 at

its maximum worth, was determined. Deboration was initiated

and-the reactor was maintained critical at approximately-

10-9 amps by. insertion of. Group 8 until it was approximately ;

,

at its maximum worth, then by Group 7/6 insertion.in
'

sequence, while making concurrent reactivity change measure-

ments, until deboration was complete. Frequent sampling,

of the RCS and MU Tank during deboration was required>

. to insure that the Boron concentration versus time would
'

b. .be known. The ~ control rod insertion stopped at approximately

12'-
. _ _ _ _ _ _ _, _ __ _ _
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'

', .,the ' normal full power regulating group configuration

and APSR integral worth curve was detemined by rod swap

with the controlling group (s) .

The Reactor was'then deborated by the amount required

t'o obtain criticality at approximately 10-9 amps with CRA

Group.5 at approximately 0% wd. Then, using both reactivity

measurements and differential Boron worths and position

of the CRA groups versus Boron concentration, the reactivity

worth versus CRA Group position was determined. The APSR

group worth was determined by comparing APSR motion

with controlling group position change during the APSR

versus controlling group swap.

3.3.3 Results and Evaluation

The results of both the predicted control rod group worths

and the measured control rod group worths are tabulated

in Table 3-3. The measured and predicted values of

control rod group worths compared favorably. The CRA group

worths measured were within the criterion range of 15%.

of predicted values per the Physics Test Manual and the

total Group 5, 6 and 7 worths were well within the t 10%

acceptance limit.

'

L) .

- 13 -
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3.4 EJECTED ROD WORTH MEASUREMENT

[
-NI

3.4.1 Purpose

'nva purpose of this test was to determine the reactivity

worth of the worst case ejected control rod as specified

by the Cycle 2 Reload Report, to verify its worth is

less than 1.0% AK/K at Hot Zero Power and that it is

in agreement with the predicted value in the Physics

Test Manual.

3.4.2- Test Method

Initial conditions were established with the Reactor

critical at approximately 10-9 amps, Regulating Groups

at approximately 0% wd, Group 8 at its maximum worth

and Boron concentration at equilibrium. The initial(~%
'k - (steady state) Boron concentration of the RCS wass

determined by sampling. Then, using the predicted

ejected rod worth from the Physics Test Manual, the

amount of Boron addition required to bring the worst

case ejected' rod, Control Rod 6-4, to-100% withdrawn

was determined. Boration was initiated and the Reactor

was maintained critical at 10-9 amps by withdrawal of

Rod 6-4. Frequent sampling of the Reactor Coolant System !
|

(RCS) and Makeup Tank (MU) during boration was required I

so that Boron concentration versus time would be

known. The rod withdrawal stopped et 100% wd

and additional reactivity compensation was made

^'s by withdrawal of. Group 5. When steady state Boron
---

- 14 -
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Nf concentration was re-established, Control Rod 6-4 was''

.

returned to 0% wd by using Group 5 withdrawal Sr

reactivity compensation. The reactor was maintained

critical at 10-9 amps.'during the swap.

Using reactivity measurements, the differential Boron

worth, and the position of control rods involved, the3

worst case ejected rod worth was determined.

.

3.4.3 Results and Evaluation
!

The measured worth of the worst case ejected rod, Control

Rod 6-4, compared favorably.with the predicted value

and its worth met the acceptance criterion of <1.0% aK/K.

The test results are tabulated in Table 3-4.

,

i

I
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TABLE 3-1 .

CRITICAL BORON CONCENTRATION AT 110T ZERO POWER

| Vendor In-houset
*

Measured Predicted Predicted
Condition Value Value .Value,

!.-AllRodsOut 1334 ppmB 1320 ppmB 1286 ppmB
~

,

I Rods Inserted 1046'ppmB 1064 ppmB 967 ppmB )
(Group 8 0 15*. w/d)

.

.

5
..

TABLE 3-2

MODERATOR TEMPERATURE COEFFICIENT AT IIOT ZERO POWER
_ _ _ .

Measured Value Vendor Predicted In-house Predicted
Condition Reactivity Calculator Rod Swap Value Value )

All Rods Out -0.0224 x 10-4'AK/K/0F NA -0.115 x 10-4 AK/K/0F -0.0269 x 10-5 AK/K/ F
l
'

Rods Inserted -0.794 x 10-4 AK/K/0F -0.726 x 10-4 AK/K F -0.73 x 10-4 AK/K/0F -0.78 x 10-5 ggfgjop
I

i

u

|

|

|

|
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POWER ASCENSION TEST SIM4 ARIES

,

d
4.0 CORE POWER DISTRIBUTION TEST

.

4.1 Purpose

The objective of the Core Power Distribution Test was to measure

the power distribution of the reactor core at the major power

plateaus of 40%, 75% and 100% full power during power escalationi

in order to verify that the DNBR, linear heat rate, quadrant

power tilt and power peaking factors did not exceed allowable

limits.

The limits place / on the measured parameters were as follows:

i) The maxit um linear heat rate, LHR, in the core is

. O) less than the LOCA limit per Technical Specifications(,,
for the axial location of the peak. When testing at

a power level below rated power, the maximum LHR when

extrapolated to rated power must also meet this criterion.

ii) The minimum DNBR must be greater than 1.30 at rated

power conditions and when extrapolated to rated power

conditions from a lesser. test plateau.

iii) The quadrant power tilt must not exceed the.value

allowed in the Technical Specifications.

.

iv) The highest measured radial and tot:1 power peaking<s

\ '' ' factors shall not exceed the highert predicted peaks

by more than 5% and 7.5% at the 75% and 100% power

plateaus, respectively.

- - - . - .- ,
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These acceptance criteria are established to verify that core
,-

( / nuclear and thernal hydraulic calculational models are conserva-
,

tive with respect '.; useasured conditions thereby verifying the

neceptability of data from these models for. input to safety

an 9ysis, ne acceptance criteria also serve to verify acceptable

operating conditions at each test plateau and eventually at

rated power conditions.

4.2 Test Method

Equilibrium conditions were established at 75% and 100% FP

ensuring that Xenon was in three-dimensional equilibrium

(equilibrium Xenon was not required for the 40% tests) with no

APSR motion and minimal power fluctuations and/or controlling

gy rod group motion. The incore monitoring system and the plant
(U) computer were used for data collection.

4.3 Results and Evaluation

A summary of the test results is given in Table 4-1. This table

indicates that the minimum, conservative DNBR at rated power.was 3.06

which is well above the lower limit of 1.30. The worst case conserva-

tive linear heat rate was 11.8 kw/ft which is significantly- less than

the Technical Specification LOCA limit per Figure 3.5.2.4. The

measured and total power peaking factors were all within the acceptance

. criteria.

Figure 4-1 shows the core grid /Self Powered Neutron Detector (SPND)

,O string correlation for the cm locations used to measure the radial
C/

and total power peaking factors. The results of the power distri-

bution measurements are tabulated in Figures 4-2 for the 40% FP plateau,
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Table 4-1

b SUMMARY OF RESULTS '

,

j
. -DATE 4/5/77 '4/7/77 4/11/77
i TIME- 1238 0740 1145

i POWER LEVEL (%) 40 75 100

GROUP 1-5.(%w/d) 100 100 100
'

GROUP 6 (%w/d) 89.2 88.6 85.3
.

t-

GROUP 7 (%w/d)- 12.0 8.8 8.6 "

GROUP 8 (%w/d) 47.0 34.1 30.7
i

: . CORE.BURNUP (EFPD) 0.2 2.1 5.1
r

| BORON CONCENTRATION (ppmB) 970 .787 729
:

-AXIAL IMBALANCE (S.FP) -1.7 1.2 -0.9

'
' ' MAX QUADRANT PWR TILT (%) -3.95 -2.17 -2.08

(Incore Detectors)
,

; DNBR ' .42 4.38 3.069

LilR 5.29 9.11 11.80--

MAX. RADIAL PWR PEAK 1.417 1.394 1.394

- MAX TOTAL PWR PEAK NA 1.760 1.704 -

-MAX ' PEAK AT CORE GRID / LEVEL E-5/3 M-11/6 M-11/6

EQUILIBRIUM XENON. NO .YES, 3-D YES, 3-D
,

-

t
a -

4

i-
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s
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FIGURE 4-1
.

CORE SPND STRING / CORE GRID CROSS REFERENCE

;

e

}

i

.

5

. .

11- 8 H-9 F-8 H-5 N-8 H-13 B-8 H-1
1 2 4 10 14 21 30 37

i

G-9 F-7 E-9 K-12 C-9 B-7 R-7O 3 6 5 20 29 -31 45

|
L-6 M-10 D-10 C-10 P-6 R-10 .

12 17 27 28 44 46 |

E-11 D-5 0-5 M-14
26 33 42 49

l
'

N-4 0-12 D-14 |
t

41 48 51 |

|

C-13
52;

O4

,

i

- 22 -

. . ,. , , ._. -_- ._ _ _ _ _ . _ . _ , . _ .... _ . _ ,-
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3 FIGURE 4-2 3-

COMPARISON OF PREDIC's ed AND CALCULATED STEADY STATE R. ...IIVE
RADIAL POWER DISTRIBUTION AT 40 *s FP, NOT EQUILIBRIUM XENON

Measurement Conditions
i !

v' Control Rod Group Positions Coro Power Level 39.7 %FP
Cps 1-4 100 % wd Doron Concentration 970 ppm

Gp S 100 % wd Core Burnup 0.2 EFPD

Gp 6 89.2 % wd Axial Imbalance -1.7 % FP

Gp 7 12.0 % wd Max Quadrant Tilt -3.95 %
Cp 8 47.0 % wd

i
..

X.XXX Predicted Values.

X.XXX Measured Values

5.532 0.516 (.G] L Eilo f>. S.U

f,. 60 7 0.6CG G.?y/ fi.C.rz 0 ? c/

C.729 LOZV I. C 77 0 767 0.7ib O.707 f.b77 l. li'l 0.729

0 7/n f. I?1 I. /R 5. 73C O. 7|fo C. 73C /.lZ3 /. /Z 2. 0.7F7
C. 7 7/ t /37 1. 2 ?! S V8Z O.&// 0.b?: G.(, Il 0|sL: 1. :'ib I.137 C.771

[ ?'T l.?BG rAf 0.A6 0.!Ph (. M: 0. M h s id% I. ?C 7 G7M
C.73/ /./3/ L C 16 /. V/ 7 /. / 6 /..?'/Z l.ID: I ?!: 1.1% ! I'll |,L11{ l.13 | C. 731

L. 7'th I.2Pb l.0 73 /. F/C I. ? m I.3YI L EIY ' !. U.i. /.Z:| l.321 ((c / j. Zu b t.7?9
/.Lif I.362 4 3:~ /.y0/ [ 0 70 /.i O l. f> ? o i.l:C ib iC L 4Cl I.352 I,3Cl 1.0 :6
/./!! /. :4. i. Et 7 1. :// 7 t.G: / L6l' /. ra 6 i./C !.6f| 1. '//0 37C l. E'/E I./:7

C.il'/ I.Cf L (. >$ ) /./7J I. /l: /. a r y /./? 7 6.!!G !. /L 7 | K 4 1.i:< ~ | |7: ().'WI I, .' i l 6 :%|

C &LC 1. ll8 C. ft'! l ?/f /. lit J. i.; | /. C :~/ !)V 7 I.l:/ i i? ! I. /<! R ..Z/7 /. N . I. // 7 0. t C &I
,

1

C.CfI l.7// C. i- /(. /X7 /./ ?& /,/72 /./?l J. Dii I iN 1!7: 1. |3 L /5[7 Gk/G 0. 7 // bC)?
l.&:3 E.&:/ 6.(bl I.314 / . I.:' : . i& l.03 s . 75 1 /.O E ic:C! |.Cyc t.?ao C.Gl/ [. t 'f1 0. w*~f \

|

0.63 6.Ffc G. C'il /. ?/'l (6 y'/ [CCC /.f.yy /.lbf 1.019 1.bCC I.ly7 f 2/Y Ogy/ g.g/;c 6.&?2
'

O. C,34 L . ,4 : i. ?C' /.//i i. '. t/ " E WI i.'il / t . t. . C/ 6. b 19 4 66 1.2/V s.b E 6.&c/ C&YC,.

0.69 t. 7// (. t /(< l.357 / /54 f./7% I./E6 /.643 /,/gG i./73 |15s /,757 03/(, 6,7// 6.T?) 1

04'/3 c C 77 6. :c ti I. 2:9 1. % ' i.0ac i.c Z 9.~}7 /.6?? l.b4S~ /. 5'/C I. 37i C. 6// 6.7c/ f.ctj

C.Cni /.Cb ' A ||? ),/70 /./& : /,4 / I,/t 7 6.%(o /. /G7 /.CSY /./65~ I./7: llyt'y /.C82 C.!~^/.

0.[81 /()!! 6. |L' j. I' '/ !. /t!~ f tit. /.OlY 6. h l: 4 03Y S. iu ? L i'/ 3 /. 2/C. [. ?6C L/Z/ l.& lC
t. /4 f.?O2 1.!:2 f.y(/ l.070 /./20' /3 4 4/20 /,070 f.ft ' /352 /. 36. I.C2E

l./C0 /. ~iY I: G t.C/7 S. 7?) I.654 f./Cl 40/0 /. VO L i.3 73 /.3C/ /, /3)
* ^ ' '

,

(.73/ l. /3 ) t.gic' ;y7 f./CG [3yz 4261 43y2 /./S6 t,Ty7 ,.070 /,/?) C 73/
C. 7tl I.23Y I. 'lil . ?i ' !! 3 /. / 77 t. ?'.'s /. :/3 /. lii ' 6 C2 /.27/ 678. . .

(.77/ 1. f77 1.?'12 0,922 (6!/ j. W b.4// 8,922 /, 6 5 /. /37 [77/ |__

C. 76'| 1. 2.: ' t. 52 4 6.196 t.:V/ : - h t. EJ &.76^ .C7 1sY E. 7/C

0.739 / Ol'l /.C 77 6 707 6.7'ih 6.70 7 /.? 7 /.b:4 ; 72 9
l. 7 7 I. . ) 's I '? Y b.6)/ l. 75 1 [. 7(;: 1. KC /.//3 c . 783

f. C?- f.. 1| l.&T;I l.Cl? (.22
n

.
. , ,

_
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FIGURE 4-3

COMPARISON OF PREDICTED AND CALCULATED STEADY STATE R!:LATIVE'

RADIAL POWER DISTRIBUTION AT 75 *s FP, EQUILIBRIUM XENON

Measurement Conditions(]
, Control Rod Group Positions Coro Power Lovel 74.3 %FP |

'

Cps 1-4 100 % wd Doron Concentration 787 ppm

Cp 5 100 % wd Core Burnup 2.1 EFPD

Gp 6 88.6 % wd Axial Imbalance 1.2 % FP

Gp 7 8.8 % wd Max Quadrant Tilt -2.17 %
Gp 8 34.1 % wd

.

X.XXX Predicted Values
X.XXX Measured Values

O.5 68 0. 640 0.67y 0.040 0 Ab8

o. MA 0.659 0.669 o. />5# 0. ho 6
0747 /.042 / lo b 0.737 0.826 0.73 7 I. lok /.oV2 0.747

0. W 2 I.Iy/ I.095 0.743 0.811 0.94.5 l.095 1. / J/ o.792
0.780 /.128 1.2.to 0. 9%b 0. lrI7 0.843 o.bl7 09th /.280 1.122 0.9 10

0.791 1.2S8 1.31b o. 979 e.6th o .8 t*\ 0.SEb 0,924 1.3/4 | 238 0. '79/
0.749 /. /30 1.076 /.3/3 /./yo /.327 f./82 /.327 /. /Vo I .3/3 i.0 76 f./30 O'749

o.792 1.25% 0.94 b I.310 /.2/o /.304 /.190 /.304 1.210 1.3/o 0 94b I.232 0 792

(-) 1.0 96 l.2%4 /.3/ 7 /.3 59 /.oSV /.106 /.029 ||06 /.05V /.369 /J/t /,284 /,ovf

1.141 1.328 1.352 l.394 /.051 /.0/S /.037 / 0 29 l.051 /,39y 1.352 1.329 /./VI
o.5 70 I. /II d.992 l./53 /.0 gg I,0ag /.142 0. 9f2 /. /#2. /.o3g /,4 gg /,153 o.F /. /// O 5 70

6 bob I. lo2. 0.991 I.2 /I I.13b 0.970 1.0V2 0 912. l.0y2 0.970 /./36 l.21/ 0 99S /. /02. 0.60_6
o.6V3 0.7Vo Olo22 /. 3VO /. /21 1./47 /./67 / o29 /. /57 /./ 47 /. / 2 / /.3 90 0.422 0.7vo o.6vJ

0.65y 0.7c4 0.to /0 t. 3 70 /.0V0 /.047 I.oV2 0.930 /.oVZ /.OV7 /.d60 /.3 70 0.4/o 0. 70V 0.b59
0677 0, t z.9 a&V9 /. / 99 /.03P 09 26 / 02S /.068 /.025 09f61.038 1.199 0.fV9 0.g29 c.472

0.bb9 0.8'11 0.861 1.190 /.03 7 0.982 0.930 0.977 0.930 0 892 1.039 /./90 0.861 0810 04M
0.643 0. 7VO 0.b22 I.340 /.121 J.14t? /. /57 l. 0 2V| J./37 l./47 / /2 / I.3yo D.b22 0.7Vo 0.G43

Ob5V o.70V 0.6/O /.3 70 f.olo I.047 /.cV2 6.930 /.cd2 f.cy7 /.0y7 /.370 0.&/o 0.709 Os%
0.5 70 /. /// 0.992 /./33 /.oSg /.o32 /./Vz o 98z /.Iy2. /.c38 /.o28 /./S3 o,991 /./// o.S'76

o.l ch I./02. 0.94 6 /. 2 /1 /./36 a.970 10</2 c.182. /.oV1 0.970 /.136 /. 2 11 0.926 /./02. 6.so6
I.oV6 I 28V l.3 /8 /.359 /.oSV /./66 /.o29 /.Iob I.OSV i.3s9 /.3/8 /.28y /.oVb

I.14/ /.327 /.352 /.39y /.03/ 6999 /.637 /.622 /.0SI I.394 /.351 /.322 /. /V/
0 .'1Y9 f./30 /.07b /3/3 /./V6 /.327 1./28 /.327 /./VO /.3/3 /.076 /. A30 4.'N9
0 792 /. 232 6.996 i.3/o /.2/0 /.304/ / /901.3ay /. 2/o / 3/0 0.996 1. 2.Sg o.792.

0.780 I,I28 / 220 0.986 o.4/7 o,2V3 04/7 0. 986 /.2go /./22 0.7to_

0. '79/ / 258 !.3/6 0.95/ 0.526 6.1bl 0.586 0.97V /.3/b / 258 d 99|
0.7V1 f.oVZ /./06 c.737 0.82S 0.737 //06 /.oV2 0.747

0.792 /./ 4/ j.a 9 5 0.7y3 o Ell c.7 t/S /. o91' /.IV/ o.792
| | I. it.-? o#o d.I,7V c Wo d.468

| |
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FIGURE 4-4 3*

COMPARISON OF NcDICTED AND CALCULA""ED STEADY S. ..d TOTAL
PEAK POWER DISTRIBUTION AT 73 % FP, EQUILIBRIUM XENON

Measurement Conditions
I \
C/ Control Rod Group Positions Core Power Level 74.3 %FP

Gps 1-4 100 % wd Boron Concentration 787 ppm,

Gp 5 100 % wd Core Burnup 2.1 EFPD

Gp 6 88.o % wd Axial Imbalance 1.2 % FP

Gp 7 8.8 % wd Max Quadrant Tilt -2.17 %
Gp 8 34.1 % wd

\
.

X.XXX Predicted Values
X.XXX Measured Values

0.679 0.152 0.787 0.752 o.679
.t

0.7/8 o 723 077S O.773 0. '7/t
|

a 899 1.2.67 f 3V4 o.es8 0.942 0.838 /.3V6 I.1fo9 0.899 1
a

o.949 /.3S3 I.z 7s 0.841 0.963 0.ty/ /.2 </s 43s3 0.999 |
0 93V /.36 / /.S31 /.201 0.835 /.063 o.g3s /.2 01 /.537 /,3s/ 0.939 i

*

09S2 / 429 /.S65 / /36 0.7W4 L G07 0. 7Vy / /3 9 J.S hS /,V69 6932
0.90/ /.353 /.305 AS96 /.637 f./Jo /.dy2 /.630 /,6 3 7 A S 9 6 /.308 /.3 43 0.90/

)
0.949 / V!9 /.309' /.624 /.S82 f.402 /. 463 /.Mo2 /.S82/424 430Y /.489 0.949
l.2 72 /.SV3 44c/ l.64V /.3/3 /.369 /.263 /.3sg 1313 /.4WF /46/ /,SW3 4.2 72

/.353 /.56S /. 42Y 176o /.252 /.24'/ l.29/ /.257 4252 /,740 ).62y /.Sf.S 4333
0 b8t h3S2 4209 /.SSY /.362 /.'282 (4/$ /.2SV 4 0/V /.252. /.362 /.SSd /209 /.352 0.4 9'.

,

o.7/2 t.2 9h /. / 73 /.S22 /.252 /./9f /.3a5 /./93 /.3as I./96 i. 2S2 f.s2.2 /. /4t. / 2 76 a. '74

6 766 a.2 V3 0842 /. 4 VI L384 /.420 /.429 / 272 / d29 /.st2c 4324 /442 d8f4 0893 a'2S</
,

O 'I23 0.241 0.744 /.402 /.299 /.30S |J24 /.2cV /.3zio /.ias /.313 /.&o2 o.'7/4 c.54/ o.77
0.790 0.957 /.609 /.V33 4 27S /.239 /.273 /.325 /.273 /. 2 S 9 / 2 '75 4 /63 /.009 09S7 0.79a

a 715 09&3 /.an1 l.V43 /.27/ l./93 /.20y L 2 70 /.20 0 /.193 /2 7/ /.V'43 roo7 d.9 43 W7
C,7S6 o ?V3 0.SV2 I. 6 V2 /.hb I.420 / 429 i 272 /.429 / V201386 /.bd8 0,842 0.8V3 0 7S<

K o.773 0.84/ O.'19 4 /402 /.266 | jus 432b /.20/ /.326 /.305 /.30/ /. 642 0.7yg o.W/ 0 77

G b82 /.332 (209 /.SSV /. 352 / 222. L U/V /. 2S4 1.U/4 /.2EL /.3S2. /.SSV l.209 L3S2. 6.48.g

0.7/C / 2 '/6 b /62. M82- 4 2S2 4 /98 /3cS /193 /.JOS A /91 /. 2S2 LS82 /./40 /.276 0.'74
I.292 fjy3 ), $ gj j, g gy ).3/3 73g9 /,245 13$ 9 j.3,3 ,, $yy j g g, [fg3 7293.y

l.353 /.36S 4 62y / 76c I.262 /. 2V') / 2'// /.28G I.252 /.'7&c 442V LS45 /.353
0.401 I.333 /. 3ah' /.396 /.337/.630 /. 4y2 /. 430 /.337 / S 6 /.308 L 353 0.90/g

W/49 0.Vf9 4 3ay L b2y /.382 / &&L /</63 /. 602 /.Sh e /. 6 2y t. 3cy /.V[9 0.Wf
0' 5 |'d#I | bdl |*20' 0't S ''0" O' EA5 ' EU' I S3l I'3S' 0<93Yo r';

6932 / 489 /.36S /./27 0.7dV /.007 o JVV / /S3 A S&S /.y'89 Q9S2'

0.199 L247 /.3V6 0.838 0.952 0. 8 3 8 4 3 V 6 /. 2 4 'l U.899
'

0949|/.ss3 1.276 0141 a.963 o SV/ I. 27s 4353 a.9V9

.
0.6 79 O 252 4 787 C.M2 0,4 79

1 0. 7/8 o.rns es7S o.773 0.7/8



FIGURE 4-5 l-

COMPARISON OF PREDIC~ LED AND CA'LCULATED STEADY STATE RELATIVE
RADIAL POWER DISTRIBUTION AT 100 S. FP, EQUILIBRIUM XENON

Measurement Conditions(w
\'') , Control Rod Group Positions Coro Power Level 99.9 %FP

Cps 1-4 100 % wd Boron Concentration 729 ppm

Gp 5 100 % wd Core Burnup 5.1 EFPD

Gp 6 85.3 % wd Axial Imbalance -0.9 % FP~

Gp 7 8.6 % wd Max Quadrant Tilt -2.08 %
Cp 2 30.7 % wd

..

X.XXX Predicted Values
X.XXX Measured Value::

0.580 0.655 0.090 0.6sS 0.480

0. 0 2 o v.6 73 0.69/ O.6:rs 0.620
0.753 f.ogy /, // / O.7C U.236 0,7yg I./// l.Cyll O.733

0.79/ l.IVb A /CS of b/ 0829 070/ /./CS /. /!/h C.7 9/
o,7 &S / /26 /. 2.72 d.9f 7 o.425 6 TV9 6.625 cl967 /.2 92 /. /2 6 0 7tS
0.755 /.25/ I.301 0 920 C.S96 0. (t ?/ 0494 0.983 4301 /. 23/ 0 768

0 MY /./29 / 0 75 / 30/ / /3/ 4 3/7 I./ $Y /.3/7 /./3/ /.30/ /.673 /. /2? 0.XSY

0.79/ /26/ o.958 /.292. / /20 /.3a8 /./VV l.302 /./So ).292 0.9f[r 42SI 0.79/
/.0V7 /. 2 '/3 /3CS /.3V3 foV9 //02 /.o 2.9 / /02. /. QV9 /.3V3 L 3]S /. 273 / n</7
/. IV6 / 33z /.330 1.4 9.) 4 o 6 2 /.o / 2 /.o.6 /,c 27 / aS2 4 3'9t/ L330 /.M f. /4

kSS2. / //5 C.99: /.N! /052 /.o:V ur/ o,9tV /.27 /.cBV 4 032 t'/d3 0.993 /. //S 032

0 620 /.//2 Q.990 /./8/ /099 0.976 L ado D.fh 3 /, cdo O 9 76 /099 J. /8/ 0.9 97 /, //2. 0 420
0.637 0.7S/ o.630 /. y29 /. //S j. /V2 f. /6 7. A o 2 <j f /' :.L /./y2 / //S /,329 c, 53c o. 73) n.6sr

0473 0. *//8 0.62/ /. 3 72 A co9 /.0Vy /07/ o.9ss 4039 /.ody /.044 /.3 71 0.42| 07/2 0.6 73
0. b92 0 8t/o 0.?S/ /./93 /.cLT7 0 996 /.025 / C6b Ad*26 0.988 /.037 /./93 0.23V OTVd O' M
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5.0 POWER IMBAIANCE DETECTOR CORRELATION TEST

g-
5.1 Purpose

The Power Imbalance Detector Correlation Test had two objec-

tives - to determine the relationship between out-of-core and

incore imbalance and to verify the adequacy of the imbalance

system trip setpoints.

5.2 Test Method

Imbalance measurements were made to determine the acceptability

of the out-of-core detectors, to detect imbalance, and to establish

a basis for verifying that DNBR and LHR limits would not be

exceeded while operating within the Flux / Delta Flux / Flow envelope

set in the Reactor Protection System. These imbalance measure-
^x,

ments were made at different part length rod positions with two

different gain factors applied to the multiplier on the Delta

Flux amplifier output.

.

In performing the test, part length rod position was varied and

reactivity compensation made by Rod Groups 6 and/or 7. At each

required incore imbalance, core power distribution and other
J

data were taken. From these data, plots of incore affset versus -

out-of-c' ore offset were maintained. In addition, minimum DNBR,

and maximum LHR were also obtained to to allow verification of the

adequacy of the RCS and LOCA imbalance power limits for LHR and

DNBR protection. Offset = - (Imbalance /%FP) 100%.

. -m
.

%_,/; The relationship between incore offset and out-of-core c et
:

has been determined to be a linear equation of the for-

- 3@ - _ --
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OCO = M x GF x ICO + Bs

d

- h"here: OCO = Out-of-Core Offset (percent)''

ICO = Incore Offset (percent)

M = Slope of relationship

B = Intercept at Zero ICO

GF = Gain Factor

5.3 Evaluation and Rusults

Extrapolation, with conservatism, of the maximum Line ar Heat Rate

and minimum DNBR at the maximum positive and che maximum negative

imbalance test points to the overpower trip power yielded the

following results:

Imbalance +7% -22.6%

Max Ll{R 12.85 kw/ft 15.42 kw/ft

Min DNBR 3.98 1.73

These are within the acceptable limits on LHR and DNBR of 19.4

kw/ft and 1.30, respectively. The Linear Heat Rates were also

extrapolated and compared to the LOCA Imbalance Limits per Tech.

Spec. Figure 3.5.2.3-A with the following results which are

within the allowable limit per Tech. Spec. Figure 3.5.2-4:

Imbalance +7% -22.6%

Max LifR 12.42 kw/ft* NA**

l Extrapolated to 102% FP*

** Test Imbalance is outside the LOCA Imbalance limit,

therefore extrapolation is not applicable.
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[ 5.4 Conclusions

Upon completion of power imbalance detector correlation testing at

d' : 75% -FP, the following conclusions were drawn:

.

5 -A. The relationship between the incore and out-of-core

offset is linear with a constant slope, and

j . B. The imbalance trip envelope as set in the Reactor

: Protective System will protect the reactor core from
<

!

exceeding LHR and DNBR limits when a gain factor of 3.20

.I is set in the circuit. This gain was set and test data

was taken to confirm its adequacy.

.
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: 7-~s 6.0 DETERMINATION OF REACTIVITY COEFFICIENTS AT POWER

,

6.1 Purpose

The purpose of this test was to measure the moderator temperature

coefficient and power doppler coefficient at 75% and 100% full

power and to compare the'results with predicted values.

.

Acceptance criteria for the test were that the power doppler

coefficient be more negative than -0.55 X 10~4 (6K/K)/% FP, and

that the' moderator temperature coefficient measured at power

operating conditions be non-positive above 95% FP.

6.2 Test Method

( The moderator temperature coefficient at power operating condi-

tions was measured by varying T using the T setpointave ave

controller on the Reactor Demand Station and maintaining

constant power with the ICS in full automatic. The corresponding |

control rod motion is related to the reactivity change which is

used to determine the moderacor temperature coefficient.

-i

The power doppler coefficient is measured by varying Reactor
|

power using the Integrated Control System Unit Load Demand (ICS ULD) |

station and recording the corresponding control rod motion. The

control rod reactivity worth was determined by a differential

control rod worth measurement with a reactivity calculator.

6.3 Results and Evaluation.

-(
'-

The_ results of the reactivity coefficients test are summarized-

in Table'6-1.
I
I
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The power doppice coefficients' at 75% and 100% full power were

less negative than predicted but well below the maximum accept-

-able value. .The moderator temperature coefficient was well below

the non-positive limit and within the 0.4 X 10~4 AK/K/ F
~

; acceptance limit.
1

i

6.4 ' Conclusion4

The measured values of all reactivity coefficients were well,

; within the acceptable limits. The acceptance criteria of this
;

; test were met in full without deficiences.
.
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TABLE 6-1

.

.SUlHARY OF MEASURED AND PREDICTED REACTIVITY COEFFICIENTS AT POWER

.

r

;

|

!

Reactor Power Level (t Full Power) - l

Parameter
75 100

_ __
= --- 1

,

4

6 89.2 85.9Control. Rod Assembly
Group . (% Wi thdrawn) 7 12.0 8.6

*

-

- _ -

+

5 34.2 30.5t --..
,

,' Boron Concent ration . (ppmB) 787 729g ,

,
- - _ _

jt.

Measured -1.448 x 10-4 -1.115 x 10-4
!- : Moderator Temperature

,
; Coefficient Vendor j -1.42 x 10-4 -1.28 x 10-4 '

Predictedj.'
t.K/K '

a _ _ _ _ _ _ _ . . _ . _ _ . . . _ . . . . . . _
UF In-House '

-1.399 x 10-4 -1. '9 x 10-4 iPredicted ;
<

- - - _s_

Measured. .-l.493 x 10-4 -1.114 x 10 -4
; I

'

. Power. Doppler ~ ~ ~ ~ ~ ~ ~ ~ ~

Coefficient Vendor -1.54 x 10-4 -1.16 x 10-4Predicted .
AK/K .-

% Full Power'
_ _ . -

In-house -1.399 x 10- -2.214 x 10-4Predicted

: ( .

3
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- 7.0 CONCLUSION

!. The-results and conclusions summarized in the body of this report -!. .

:
.

-

j --- . demonstrate that the Arkansas Nuclear One Unit 1 Cycle 2 reload has t

.

; .

4'
\

| -been properly ~ designed and the unit can be operated in a manner that
!

.

,

i: will.not endanger the health-and safety of the public. '
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