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STARTUP TEST RESULTS
FINAL REPORT

BROWNS FERRY NUCLEAR PLANT UNIT 3

Abstract

. The final report of the startup test program performed at Browns
Ferry Ruclear Plant Unit 3 is presented in three parts: (1) Introcduction,
(2) Summary, and (3) Results. Results from core physics, thermal-hydraulics
and system performance tests are presented such that the actual empirical
values obtained are compared against expected or design values. Where devia-
tions were noted, resolutions or corrective actions are also described.

1.0 Introduction
1.1 ose

The purpose of this report is to present a concise summary and
pertinent detailed results obtained in the performance of startup tests at
Browns Ferry Nuclear Plant Unit 3. Thé startup test program embraced core
phyaics, thermal-hydraulic, electromechanical and overall system dynamic
performance.

1.2 Plant Description

Browns Ferry Ruclear Plant Unit 3 16 a single-cycle boiling water
reactor designed by General Electric Company (GE) for the Tennessee Valley

Authority (TVA) and is the third of a three-unit site to be placed ia service.

The plant is loccated on the Tennessee River in Northern Alabama. The design
gross electrical output is 1098 MWe, derived from a core thermal power of
3293 Mut. ' : .

1.3 Startup Test Program

Near the time of completion of plant comstruction, the preoperational
test program begins. This period is designated as Phase I of the test program,
during which testing of components, subsystems and combined systems:are per-
formed. - These tests are not covered in this report.

+* The startup test program begins with the loading of nuclear fuel and
continues through the completion of 100Z power testing and the warranty run.
It is composed of Phases II through V, as follows:

Phase II -~ Open Vessel and Cold Testing
Phase IIT - Initial Heatup

Phase IV - Power Tests

Phase V - ~ Warranty Tests
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1.3 Startup Test Program (Continued)

During this period the plant is taken to its designed full-power
operating condition in a safe, controlled, gradual fashion. Extensive testing
is performed under selected, controlled operating conditions to demnnstrate
safe, efficient performance of plant components.

The startup test program began with fuel leoading on July 3, 1976,

and continued through completion of the warranty run and 1002 power testing.
Commercial operation began on March 1, 1977,

1.4 Startup Test Description

Documents such as the Operating License, Technical Specifications,
Plant Operating Procedures, and equipment manuals, control operations during
the plant startup test program. Two documents are supplied by GE-NED for
implementation of the startup testing of the equipment it supplies; the start-
up test specification and the startup test instruction (STI).

The Startup Test Specification is a document issued for review
and approval by GE Management and is used for planning and scheduling tests.
The basis for the chosen tests is that they are required either to demonstrate
it 1s safe to proceed, to demonstrate performance, or to obtain engineering
data. This document defines the minimum test program needed for safe, efficient
startup. The purpose, description, and criteria are given for each test,
together with a sequential guide for performance of the tests.

The Startup Test Instruction is a document written for use in the
control room by qualified GE and TVA persomnel. It contains sufficient
pertinent information to permit such personmnel to properly perform and
evaluate each startup test.

TVA Division of Engineering Design (DED): Division of Fower
Production, Plant Engineering Branch; and Browns Ferry engineers reviewed the
GE Startup Test Specification and Startup Test Instructions; and with appro-
priate revisions, specified Browns Ferry Master Hot Fumctional Test Instruction
(MHFTI), Master Startup Test Instruction (MSTI), and Startup Test Instructions
(STI's) were issued, -

© The MHFTI and MSTI coordinated and documented all test activities
from initial fuel loading to the completion of 3ll startup tests. These
instructions provided guldance for sequence of events, and control points for
satisfactory test completion and review.before power ascemsion.

The GE-supplied STI's were revised, as necessary, by TVA epineers.
These STI's were reviewed by the Plant Operations Review Committee (PORC) and
approved by the TVA Plant Superintendent and GE Site Operations Manager.
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1.5 Starcgg Test Accegtance Criterisa

The Startup 'Test Instruction. for each startup test coutains criteria
for acceptance of results of that test. There are two levels of criteria
{dentified, where gpplicable, as level 1 and level 2.

The level 1 criteria include the values of process variables assigned
in the design of the plant and equipment. If a level 1 criterion is not satis-
fied, the plant is placed in a satisfactory hold condition until 'a resolution
. 18 made. 7Tests compatidle with this hold condition may be continued. Following
resolution, applicable tests must be repeated to verify that the requirements
of the level 1 criterion are satisfied.

The level 2 criteria are associated with expectations in regard to
performance of the system. If a level 2 criterion is not satisfied, operating
- and testing plans would not necessarily be altered. Investigations of the
measurements and of the analytical techniques used for the predictions would
be started,

By meeting the criteria, startup test results. demonstrate agreement
with design specifications and predictions. Startup test results were reviewed
and approved by PORC and the plant auperintendent and are undergoing a final
review and evaluation by TIVA DED.

2.0 Summary of Test Program

2.1 Chronology of Tésf P;ogram

Table 2.1 presents the dates for eignificant events in the unit
3 startup test program.

2.2 Startup Test Completion Dates

Table 2.2 presents a summary of the dates of completion for all
startup tests at each test condition

2.3 Power Flow Map

Figure 2,1 presents a power flow map for Browns Ferry unit 3,
showing flow control lines and the nomlhal positions of test conditions for
the startup test program.
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Table 2-1
Major Events of Unit 3 Startup Test Propram

Date 1 Event
| July 3, 1976 First fuel assembly loaded.
July 22, 1976 |  core fully lcaded to 764 fuel assemblies
August 8,1976 . Initial critiecal during STI-&, Shutdown Margin

Demonstration. Also, initial in-sequence
' cw:it:l.qal same day.

August 18, 1976 1 Pull Pover license received

August 19, 1976 Begin initial nuclear heatup
August 24, 1976 Rea;hed rated temperature and pressure
September 9, 1976 Initial generator synchronization
September 12, 1976 Completion ofl Heatup Test Phase
October 6, 1976 Completion of 25X testing .
October 29, 1976 Completion of 501 testing
November 12, 1976 Completion of 751. testing
Rovember 20, 1976 100Z power first attained
December 24, 1976 Completion of 100X testing
December 26, 1976 - Began 300-hour warranty demonstra;':ion
- January 7, 1977 Completion of 300-hour warranty demonstration

(1400 hours)

March 1, 1977 COMMERCIAL OPERATION
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3.0 Results

3.1 STI-1,Chemical and Radiochemica;l

3.1.1

3.1.2

3.1.3

Purpose

The principal objectives of this test
ares :

1. To secure information on the chemigtry and radio-
chemistry of the reactor coolant,

2. To determine that the sampling equipment, procedures,
and analytical techniques are adequate to supply the
data requived to demomstrate that the chemistry of
all parts of the entire reactor system meet specifi-
cations and process requirements.

3. Specific objectives of the test program include
evaluation of fuel performance, evaluation of deminer-
alizer operations by direct and indirect methods,
measurement of filter performance, confirmation of
condenser integrity, demonstration of proper steam
separator-dryér operation, measurement and calibration
of the off-gas system, and calibration of certain
process instrumentation. Data for these purposes is
secured from a variety of sources: plant operating
tecords, regular routine coolant analysis, radicchemical
uneasurements of specific nuclides, and special 'chemical
tests. : . )

Criteria
Level 1

Chemical factors defined in the technical specifica-
tions must be maintained within the limits specified.

The activity of gaseous and liquid effluents must
conform to the license limitatioems.

Llevel 2
Water quality must be known and should remain within
the guidelines of GE water quality specifications.

Analysis

5STI-1 testing was conducted at open vessel, heatup,
test conditions 1, 2E, 3E, and 4E, as defined on the power
flow map in section 2.3.
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3.0 Results (Continued)

3.1 STI-1, Chemical and Radiochemical (Continued)

3.1.3 Analysis (Continued)

Chemical tests of the primary coolant were made
prior to heatup and yielded the following results:

Conductivity (umho/cm @ 25°) 0.32

Chloride (ppb) <50
Turbidity (FTU) 0.15
Boron (ppb) < 50
Si1fca (ppd) 10

All level 2 criteria were satisfied with the
.exception of chloride concentrations in the condensate
storage and demineralizer water storage tanks., Plant
analytical procedures have a minimum chloride sensitivity
of 50 ppb. GE limit for chlorides in the storage tanks is
10 ppb. CE field disposition request FDDR ER3-446, dated
8/26/76,permits the acceptance of <50 ppb chloride
concentration. Reported data for chloride concentration comply
with this limit. No further action is required.

Chemical tests of the primary coolant were made
during the ipitial heatup. The results were:

Conductivity (umho/cm @ 25°) 0.32
Turbidicy (FTU) 0.46
- Chloxide (ppb) < 50
Boron (ppb) 90
Silica (ppb) 540

Throughout the startup test prwgram, chemical and
radiochemical sampling and analyses were performed on a
routine and gpecial test basis. Routine surveillance of the
reactor water, condensate, and feedwater, embraced the
measurement of conductivity, chloride comtent, turbidity, and
boron content.

Testing of steam separator and dryer performance at
Browas Ferry 3 consisted of two (@ 50% amd 100% power plateaus)
injections of sodium sulphate into the rwactor water to
-ncrease the sensitivity of the Na-24 cawryover measurements
with the reactor cleasup system out of service. Reactor water
conductivity exceeded 2.0 umho/cm @ 25° ffor 33 hours from
September 15 to September 19, 1976, @ 25% testing plateau due
to placing feedwater heaters in service.
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3.0 Results (Continued)’

3.1 STI-1,Chemical and Radiochemical (Coutinued)

3.1.3 Analysis (Continued)

The levels of jodimes, silica, insolubles, and
boron were within established limits during the startup
testing. Gamma scans of primary coolant water indicated
expected corrosion and activation products.

Reactor water chloride concentration was within
the 1 ppm technical specification maximum limit throughout
the startup. The chloride concentration was within.the
operational technical specification limit of 0.2 ppm
throughout the startup.

A1l criteria were satisfied with the exception of
condensate oxygen concentraticn at sll power testing levels.
GE fuel warranty document (22A4367), Browns Ferry 3, sheet 9,
. ~ changes the limit from 14 ppb to < 2000 ppb. All oxygen
values met this limit; therefore, disposition of this
exception is complete. No further action is required.

Table STI 1-1 summarizes the results of the
chemical and radiochemical testing performed during startup.

N
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3.0 Resulcs (Continued)

3.1 STI-1, Chenmical and Radiochemical (Continued)

© 3.1.3 Analysis (Continued)

Table STI 1-1
15-35% L0~-60% | &5-8%% 1 95-100%
: | FPower Power Power Power
Sample Source and Test Date 9/15/76 10/11/76 11/3/76 11/21776
MWt 780 | 1970 2531 3291
MiWe
Reactor Water Linit 193 612 847 1096
Conductivity, umho/cm -1 1.0 0.80 0.59 0.55 0.38
Chloride, ppm 0.2 k0,05 - f<0.05  ko0.05 <0.05
Turbidity or imsolubles, JTU 10ppm 0.55 <0.075 0.13 <0.10
Iodine-131, pCi/ml . ]6.55 E-07 |<1.47 E-06 | 1.24 E~05 { 2.15 E-05 °
Todine-133, uCi/ml 6.52 D-06 | 3.52 E-05 | 7.37 E-05 | 9.87 E-05
Gross Activity .
-filtrate, cpm/ml, 2 hrs. 2716 9852 29834 24084
—crud, cpm/wl, 2 hrs. 3416 €124 3086 2374
Gross Activity
-filtrate, cpu/ml, 7d ' 57 112 - 217 529
~crud, cpm/ml, 74 5 161 42,9 80
Silica, ppb 5.0 ppm { 0.314 0.341 0.28 0.38
Boron, ppb 50 ppm [<0.05 <0.05 ~ ko.os <0.05
\Y .
éé:.s — .
O
@9210 . 1
Q¥
g \‘-T -—J
N\s !
N i _
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3.0 BResults (Continued)

" 3.1 STI-1, Chemical and Radiochemical (Continued)

3.1.3 Analysis (Continued)

Table STI 1-1
15-35% 40-602 65-85% 95-100%
Power Power Poggr Power
Date 9/15/176 10/16/76 11/3/76 11722776
Sample Source and Test =it 280 1770 2531 3256
MWe
Reactor Water (Continued). Lin{t 193 542 847 1070
Chemical Analysis on
filtrate, ppb
=iron XX X po 4 0.167
=COPpPer X XX XX 19.74
-nickel XX XX XX < 0.001
~chyromium — XX X XX 3.79
Chemical Analysis on Crud, ppb
-iron 8.95 7.1 12 4.60
=Copper XX XX XX < 0.001
~nickel XX X XX 0.775
=chromium XX X X < 0.001
Spectral Analysis on major -
nuclides at 24 hours
Filtrate Mo-99 Cr-51 Mo-99 Mo-99
Tc=9%m Cu=-64 Te-99m Tc=99m
Na-24 Na-24 Cr-51 Cr-51
As-76 Zn-69m w-187
w-187 Co-58
- Co-58 Zn-65
ROTE: XX symbol signifies data ;’:;2 g‘s‘zgg
not required by the -test z:_ss Nb-95
instruction.
T Na-24

N
F\L‘{:’\\Iﬁf PeLE CORY:
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3.0 Results (Continued)

3.1 STI-1, Chemical and Radiochemical (Continued)

3.1.3 Analysis (Continued)

Table STI 1-1 (Continued)

- 15~35% . %0-60X | . 65-85% 95-100%
. Power Power Power Power
' Date 9715776 10/16/76 1173776 11722776
Sample Source and Test e 780 170 2531 3256
. Mre
Limit 193 542 847 1070
w-1867 Cr-51 w-187 w-187
Crud Cr=51 Co-58 Mo-99 Mo-99
Zn~-69n Mn=-54 Mo-9%m Tc=-9%n
. 'Cu—64 Fe~-59 Sb-125 Fe-59
Na-24 Co-60 Fe-59 Cr-51
Zn~-65 Cs-134 Cr-51 Zn-69m
As-T76 Na-24 Zn-69m Co-58
Cs-137 2r-95 I-135 Zn-65
Mn-54 In~-75 As-76 Cu-64
Mn-56 Ce-141 Sb-124 As=76
Fe-59 Zr=95 . Sb-124
Ba-140 . 2r-97 Mn-54
La=)40 Mb=9S . Co-60
Co-S8 Co-58
Mn-54
Mn-56
Zn-65
Co=-60
*© Cu=-64
N-924
Condensate Demin. influent
Conductivity, umho/cm 0.34 0.13 0.094 0.076
Chloride, ppm .. <0.05 <0.05 <0.05 } <0.05
Insoluble iron, ppb 25 <10 <25 10
Condénsate Demin, Effluent
Conductivity, pmho/cm 0.1 0.25(1) 0.072 0.083 0.057

(1) Heater drain prcblems

»*
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Results (Continued)

3

3.1 STI-1, Chemical and Radiochemical (Continued)

3.1.3 Analysis (Continued)

Table STI 1-1 (Continued)

(1) Heaters placed into service.
(2) Limits changed to < 200 ppb in GE fuel warranty documemt (22&4367),
:table I, sheet 9.

.
C A e e i m acmcmme - erew

“I5-35% | 40-60% 65-85% 95-100%
) P - Power Power Power Pover .
' ’ |__Date"—{—9735)76 | 10712776 P
Sample Source and Test T3 780 1770 2531 | 3256
iide
Limi 193 542 847 1070
Condensate Demin. Effluent (Cont'dl) --
Insoluble iron, ppb 20 <10 <10 <10 <10
: (2) ‘Lab Lab Lab Lab
Oxygen, ppb 14 150 Anal. 100 Anal, 80 Anal. 100 Anal.
Feedwvater
Conductivity, jmho/em 0.10 0.461) | o0.093 0.085 0.072
Iron - insoluble, ppb 10 <10 10 17.64
~soluble, ppb XX 4.13 16 Y 4.1s
Nickel - insoluble, ppb XX XX XX 0.463
-soluble, ppb XX XX XX 0.588
Copper - insoluble, ppb o x - XX 0.663
- soluble, ppb xx X XX Lo.om
XX Crud XX
Chromium - soluble, ppb XX X XX Sol
E'Off-éas- '
- Activity € SJAE, uCi/sec. :
~ (L6 pases) : < 0,11 <61.6 <98 79.9
N-13 @ SJAE, uCi/sec. 1190 . 1450 1685 1684
Flow rate, cfm (FR-66-111) 160.6 38 35 38
XX Symbol signifies data mot reqrired by the test instrucicion. . .
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3.0 Results (Continued)

3.1 STI-1, Chemical and Radiochemical (Continued)

3.1.3 Analysis (Continued)

_Tabl.e STI 1-1 (Continued)

15-35% 40-60% 65-852 . 95-100%
o ) . . Power | Power Power Power
Smple foutes and Fest e i 3 D £
. palt~e | 193 612 847 1096
-Off-('.‘as .(cOnt:lnue:l-)
| Composition - air, efm 140 38 35 38
| Radtolytic = (B, +0,) . 0. 0 0 0
i Delay time, min, : XX XX XX __186.6
A tVgey, e 8t stack 72.5M] 128D 1551 128,71
Activity Pattern Recoil. Recoll. Recoil. | Recoil.
0ff-Gas Monitor A 7 10 18 16
Reading, wr/hr XX XX XX XX XX
. Stack gas monitor A 10 12 18 12
% Reading, cps . B 10 16 18 16

XX Symbol signifies data not required by the test instruction.

(1) Combined activity from units 1, 2, and 3.
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3.0 Resulte (Continued)

3.1 STI-1, Chemical and Radiochemical (Continued)

3.1.3 Analz sis (Continued)
Fuel Cladding Inte

. Table STI 1-2 shows representative iodine data
data obtained during the startup.

Table STI 1-2

Estimated

11330 fuermt fwer/mt fwetmi fwetml fuam

Date Time | MWt {Carryover ()| I-131 I-132 I-133 _1-134 I-135
10/11/76 | 0700 | 1970 — <1.47 E-06 | 2.14 E-05 | 3.52 B-05 | 5.36 E-03 | 6.12 E-05

10/24/76 | 2000 | 1693 | 0.3¢® — — — — —
10/25/76 {0800 | €84 —_ 6.31 £-07 | 9.5 E-07 |3.36 E~06 | 4.31 E-06 | 6.00 E~06
11/15/76 | 0700 | 2882 — 4,96 D-06 | 7.0 E-05 | 6.43 E-05 | 4.02 E-04 | 1,11 E-04

11/21/76 | 1800 [3275 | 0.22¢® - — — - .
11/29/76 | 0800 | 2075 —_ 8.75 E-06 | 1.00 E-04 | 9.81 E-05 | 2.95 £-04 | 1.81 E-04
12/3/76 | 0800 | 3178 — 5.48 E-06 | 1.14 E-04 | 6.32 B-05 | 2.30 E-04 | 1.32 E~04

(1)I-131 activity concentration hsufficient.

(2)502 power - no cleanup test

(3)100X power -~ no cleanup test
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3.0 Results (Continued)

3.1 STI-1, Chemical and Radiochemical (Continued)

3.1.3 Analysis (Continued)

Condensate

The condensate pump discharge and condensate
deminetalizer effluent conductivities were only slightly
high during the initial heatup through the 15-35Z test
conditions, however, they were within established limits
throughout the remainder of startup testing, The following
table, STI 1-3, shows the plant conductivity history during the
startup testing.

Table STI 1-3 .
Browns Ferry 3 Startup condgctivities (wmho/cm)
Condensate
Condensate | Demineralizex
Date Power Punp - Combined Reactor
. -{Thermal) - | Discharge | - Effluvent e Water oo
8/7/76 0%, No Heat| 0.50 0.20 0.32
8/24/76 | 1%, Heatup 0.15 0.10 0.3 - 0.7
9715776 | 15-35% 0.34 0.185 0.30-2. 200
10/15/76 | sox 0.11 - 0.07 0.50-2.40%
10/29/76 | 40-602 0.088 0.078 0.59
f11/3776 70% 0.094 0.083 0.55
11/21/76 | 997 (approx.) 0.076 0.057 0.3 - 1.62

. (2) No cleanup test
(3) Range of Reactor H,0 conductivity during test period.
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3,0 Results (Continued)
3.1 STI-1, Chemical and Radiochemical (Continued)

3.1.3 Analysis (Continued)

Sampling System

Prior to startup, a root valve verification program
was conducted to ensure that the origin and approximate
length of sampling lines was kanown.

Radwaste

Both the liquid and solid radwaste systems performed
satisfactorily during the startup period even though intermit-
tent inputs to the liquid system exceeded design values.

Condensate and Cleanup Demineralizers

" The condensate demineralizers were initially placed
into service in late 1975 and were subsequently used to clean
wvater during construction and preoperational testing.

Both the condensate and cleanup demineralizers
performed eatisfgctorﬂy during the startup period.
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3.0 Results

3.2 ‘STI-2, Radistion Measurements

3.2.1 Purpose

The purposes of this test are to:

1, Determine the background radiation levels in
the plant environs prior to operation for base
data on activity buildup.

2. HMonitor radiation at selected power levels to
assure the protecticn of personnel during plant
operation.

3.2.2 Criteria

3.2.3

level 1

The radiation doses of plant origin and the.occupancy
times of personnel in radiation zones shall be controlled
consistent with the guidelines of the standards for protection
against rediation as outlined in TVA Rad{iological Control
Instruction.

Level 2 .

There are no level 2 criteria.

Analysis

STI-2 was perfotmed at the following unit No. 3
conditions.

Table STI 2~1
Survey Conditions

I. Prefuel Loading May 12, 1976
II. Core loaded, Open vessel July 23, 1976
III. Plant at 6X% power August 26, 1976
IV, Plent at 252 power September 17, 1976
: (limited survey)
V. Plant at 58% power October 8, 1976
Vi. Plant at 76X power November 3, 1976

VII. Plant at 100X power November 22, 1976
VIII. Plant at 100X power-warranty run December 28, 1976

(limited survey)

(limited survey)
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3.0 Results (Continued)

3.2 §STI-2, Radistion Measurements (Continued)

3.2.3 Analysis (Continued)

At each point gamma and neutron measurements

vere made as required by the type of survey.

"Limited"

surveys involved a selected part of the complete surveys,
with only those pointe of normal oeccupancy being measured.
Exceptions to each survey were as follows:

Table STII 2-2
Exceptions to Surveys

Plant Condition Test Point Exception
(See_Table 1)
I RB-3-38 Neutron survey not made.
Inaccessible due to shield
, plugs not in place.
RB=3-44 Weutron survey not made due
to inaccessibilicy. (15'
above f£loor)
II RB~3-38 . Same as above
IIX NO EXCEPTIONS .
Iv NO EXCEPTIONS -
v RO EXCEPTIONS
Vi NO EXCEPTIONS
VII RB-3-44 Test point RB-3-44 required
rezoning as per RCI-1.
VIII NO EXCEPTIONS

As noted in table STI 2-2, only test point RB-3-44

required rezoning teo meet criteria lewel 1.
is a blank drywell penetration located in the SE quadrant at
the 593' elevation in unit 3 reactor building.
in 2 normally inaccessible location 15 feet above the floor.
As a result of the survey, a cage was placed around the arca

and proper zone posting made. This brought the zone into com-

pliance with RCI-1, thus fulfilling STI-2 requirements.

This test point

It is located
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3.0 Results {(Continued)

STI1-3, Fuel Logd:l_n_g
3.3.1 Purpose

3.3

3.3.2

The purpose of STI-3 is to load fuel safely
and efficiently to the full core size.

Criteria
Level 1

The partially loaded core must be subcr:lt::l.cal
by at least 0.387 AK/K with the analytically strongest
rod fully withdrawm.

© Level 2

Not applicable.

3.3.3 Analysis

. Fuel loading began with the loading of the first
fuel asgenbly at 1646. hours on July 3, 1976, and wdis .succes~
sfully completed at 0136 bours on July 22, 1976. At that time
all 764 fuel assemblies were installed, the seven operational
sources were in place, and the four source range monitors
(SEM's) were electronically comnected and functional. Fartial
core shutdown margins were verified at designated points
during the loading process and met all criteria.

Prior to loading the first fuel assembly, the four fuel

. loading chambers (FLC) were installed fin dummy blade guides

at approximately 2/3 core height and were connected to the

plant SRM electronics. The signal-to-moise ratio was

verified to be >2:1 and the FLC count xate was >3.C cps._ The rod
block and scram setpoints were set at 1x109 cps and 5x10° cps,
respectively. The shorting links were removed from the
circuitry, placing the FLC/SRM and IRM's electton:lcs in the
non—coincidence scram mode.

The Sb-Be operaticnal sources were installed prior

to fuel loading and used throughout fuel loading to establish

neutron flux. The source strength was 686 curies on the initial
load date and 552 curies at completion of fuel loadling.

After completion of the loading of each control cell
(2x2 fuel assembly array) functional :and subcriticality
checks "were made by withdrawing the associated control rod.
In addition, partial core subcriticality checks were made after
the loading of 16, 64, and 144 fuel assemblies to verify that
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3.0 Resulta (COntinued)

‘3.3

(Cont1nued) |
"'3.3.3 Analysis (Contimued)

the partially loaded core is suberitical by at least 0.38%
AR/K with the gnalytically strongest rod fully withdrawm.

As an added assurance that fuel was being loaded safely,
inverse multiplication (1/M) plots were maintained of the
FLC/SEM count rates. In certain cases special interpretation
of these plots was required of the nuclear engineer because
of geometric effects. These geometric effects were caused
by loading a fuel assembly near an operational source or FLC
and were expected. The FLC's were noved as necéssary to
maintain the count rate >3 cps and <1x10° cps. (See figure
STI 3-1.) The FLC's were removed after 360 fuel assemblies

" were loaded end all four SRM's were then operational.

The fully loaded core was verified for fuel
asgenbly orientation, serial mumber, and proper location of
fuel types by lowering the water level in the reactor vessel
to allow visual verification, A video-tape was also made
for a permanent record. Fuel assembly locations are shown
in figure STI-3-2. '
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(Continued)

3.3 A5TI-3, Fuel
Loadin

FINAL SUMMARY REPORT ~ BFNP UNIT 3

3.0 Results

LI B Y] (3] “

FLC Movements

» u n »

Figure STI 3-1 -~
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BROWNS FERRY UNIT 3
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Final Core Configuration
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Fnll Core Shutdm Hargin

3.0 Résults
3.4 STI~4,
3.4.1
3.4.2

PL‘L_

. The purpose of STI-'o 18 to demonstrate that: the
reactor will be subcritical throughout the first fuel cycle
wvith any single ccntrol rod fully wvithdrawa. '

Criteria
Level 1

The shutdown margin of the fully loaded core with
the analytically strongest rod withdrawn must be at least
R + 0.38% &K/K. (Refer to analysis section for R.)

level 2

Criticality should occur, within + 1.0% aX/K, for
the configuration described in table 4.8-1 and figure 4,.8-3
of STI-4 (See attachments A.and B).

“3.4.3 Avalysie

Control rods were withdrawn in the order specified
in STI-6 for "B" sequence until criticality was achieved
when the 28th control rod (46-23) was pulled fo notch 28 on
August 8, 1976, during open vessel testing. The reactor
period was estimated to be approximately 238 seconds. Suf-
ficient SRM/IRM overlap data was obtained and the reactor
was taken subcritical by insérting the 27th and 28th control
rods in order to.remove the ghorting links. . The reactor was
brought critical for e second time by withdrawing the 27th
and 28th control rods in order to obtain accurate period
measurements for the Keff calculation.. The reactor was criti-
cal on a 132-gecond period on the 18th nétch of the 29th
control rod (38-15) with & moderator temperature of 92° F.
(See figure STI 4~1.) . .

A temperature correction was made using the 7.5 x 107
AK/E® F temperature coefficient and a period correction using
table 4.8-2 of STI-4. This results in a corrected Keff of
1.0023514. Subtracting the 8K for the vods pulled.gives a
Keff for all-rods-in of .95484. Subtracting the sum of the

"Keff for all-rods-ini and the worth (from 1.000) of the strongest

rod .fully withdrawm, yields an actual shutdown margin of
2.5862 AK/K.. :
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3.0 Results (Continued)

3.4

STI-&, Full Core Shutdowu Margin
3.4.3 Analnia (COntinued)

" The fully loaded core is required to be shutdown
with the strongest rod withdrawn by at least R + 0.38% &K/K.
From figure 4.8-1 of STI-4, R=b-a = ,0115 AK/K = 1.15X% AK/K.
Therefore, the required shutdown margin is 1.53% AK/K.
Level 1 ct:ltetia have been met. ,

The reactor was critical with an actual Keff of

1.0023514. The calculated Keff of the core with 28 rods and

18 notches on the 29th rod withdrawvn was .9992. The
difference between these two values, .315% AK/K, satisfies
level II criteria that criticality occurs within + 1.0% AK/K

. of the actual and theoretical Keff values.
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3.0 Results
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. Unit 3
ATTACHMENT A :

. TITLE: CONIROL ROD WORTHS
TABLE:

408"‘1 -
59 .
’ ss O X C X [‘__/' a
12

& LY Ix] a3 ixy) £33 |x

. | Ix @1 ® @ 'c@x

h

as -

3 (3 dx] (G T 1) Tl [

27 o I

a3 x (13 ). ed 1xf 473 §x
~ 9. | ] !
AR OAENNONRECEANTNG

- --" ’ ! ;j[ ! '- {
07 O Ix] 0 I=] K
03 ' 11 ]

02 05 10 14 18 22 26 30 33 38 42 45 50 5% 58

[z] RWM group 1 out

Y RIM prou FROM BEST.
RIM group 2 out F‘%%LAE LE COPY.
Control Red Configuration Keff
Sequence B :
- » oL
A1} reds inserted 0.9517 - " -,
.: BRWM group 1 and rods 1-6 of group 2 LE e
v‘thdta-'n 00998' ) :
-RWM group 1 and rods 1-9 of group 2 )
. . withdrawm 0.599%6
RWM group 1 and rods 1-12 of group 2
withdram + 1.0007
RWY groups 1 and 2 withdrawn 1.0019
# Strongest rod 1is 3U-3L
.
ad:
. tRevision / .7 0 J—

it

BE STI &4
6/16/76

T L.
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3.0 Results

3.5 STI-5, Control Rod Drive System

3.5.1 Purpose

. The purposes of the coatrel rod drive system
test are:

1. To demonstrate that the Control Rod Drive (CRD)
system operates properly over the full range of
primary coolant temperatum and pressures from
ambient to operating. .

2. To detemine the initial operating characteristics
of the entire CRD systenm.

3.5.2 Criteria
Level 1

Each CRD must have a norsal withdraw speed less
than or equal to 3.6 inches per.secomd (9.14 cm/sec), in-
dicated by a full 12-£oot stroke in greater than or equal
to 40 seconds,

The control rod scram insertion times must be with-
in the limiting conditions for operation specified in Cechnical
specification 3.3.C.

Level 2

Each CRD must have a normal imsert or withdraw of
3.0 + 0.6 inches per second (7.62 + 1.52 cm/sec), indicated by
a full 12-foot stroke in 40 to 60 seconds.

With respect to the control rod drive friction tests,
if the differential pressure variation exceeds 15 psid (1 ke/cm2)
for a continuous drive in, a settling test must be performed,
in which case, the differential settling pressure should not be
less. than 30 psid (2 1 kg/cn?) nor should it vary by more than
10 psid (0.7 kg/cm?) over a full stroke.

Scram times with nomal accumulator charge should Eall
within the time limits indicated in figure STI 5-1..

M B
F\LMED‘L‘;‘:B?_E coP\G
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7 kg/en2) mim,
30kg/cm?)

2 kg/cm? at 20° C,)
1510 psig, (106.3 kg/em?) max.
Scram valve air pressure

Accumulator precharge
565/585 psig at 700 F,
Accumulator water side
70/75 psig. (19.9/5.

1390 psig, (97.

(39,9/41,

pilot valves to 907 insertion
(pickup of "04"),

closed (V-113) or full reactor -
scram with charging valve
loss of voltage to scram air

Data applicable to single CRD
open,

SYSTEM OPERATING CONDITIONS:
acrams with charging valve

*Seram time is the time from

1.
2.
3.
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FINAL SUMMARY REPORT — EFNP UNIT 3
3.0 EBesults (C&Qéinﬁed)

3.5 STI-S, Control Rod Drive System (Continued)

3.5.3 Analysts

STI-5 testing was conducted at open vessel, heat up,
and test condfticns 1, 3E, aund 4E, as defined on the power
£lov map in section 2.3, _

All the control rods met the requirements of the
tests performed on them during zero-reactor-pressure testing.
Position indicatiomns, rod timing, stall flows, coupling
checks, and friction tests were performed on each CRD.

Poaition—Indicating <heck e

The rod position information system was extensively
checked and was operating properlyya:+ m) - st

Rod Timing and Stall Flows

I -+ -+ - The normal rod withdrawal and insert-times,
together with the stall flows were measured. Some of the
drives were adjusted so that their. times were within the
above criteria. .

Coupling Check ) i

This check was performed during fuel loading
vhenever a rod was fully withdrawn to position 48. All
_rods were coupled to their drives.

PR R UK A

Friction Testing

A1l of the CRD's were friction tested by continu-
ously inserting them from position 48 to position 0 and
photographing the imsertion pressure throughout the insert
process,

The friction test data were acquired using a strain
gauge differential pressure cell and a storage oscilloscope.
Polaroid photographs of the oscilloscope traces were taken to
cecord the data.

All control rods passed the continucus 1nsertion
&Ppax, -~ APqiq, criteria. .

. EILMED FROM BEST
AVAILABLE COPY
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3.0 Results (Continued)

3.5 STI-5, Control Rod Drive System (Continued)
3.5.3 Analysis ' {Continued)

Scram Testing

During open vessel testing all control rods were
scram tested. The average scram times fell well within
technical specifications and criteria requirements. (See
table STI 5-~4.) Initially all rods met the level 2 criteria
for individual scram .times, except control rod drives
18=07 and 26-1S,. vhich had 902 scram insertion times of
1.914 and 1.913, respectively. The scram tests were repeated
for CRD's 18-07 and 26-15 with normal accumulator pressure.
The 90% scram insertion times were measured to be 1.712 and
1.752, .respectively; thus satisfying the level 2 criteria.

From this data the four slowest control rod drives
were chosen to be scrammed three times each with minimum
accumulator pressure. All level 1 and 2 criteria were met

-t for testing during the open vessgel .phase...Table STI 5-1
sumnarizes testing of the four slowest drives.

S

Table STI 5-1
Four Slowest Control Rod Brives
At Zero Reactor Pressure And
Minimim** And Normal Accunulator Pressure -

. Mean#
Rod Location 90 Scram Time (sec) 90% Scram Time (sec)
_ Min., Accu. Press. Norm. Accu. Press.
30-27 © 1.908 . 1.825 ;
18-07 2.047 ©1.712 i
26-15 ) 1.974 ) 1.752
14-19 1.854 1.825

B e R

> *Mean of thfee scrams
gg *%970 psig
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3.0. Results (Continued)

3.5 STI-5, Control Rod Drive Sy_stem (Continued)
3.5.3 Analysie (Continued)
Scram Testing (Continued)

During the initial heatup, the four slowest in-
sequence CRD's were Selected for scram testing at 600 and 800
psig. Results are summarized in table STI S~2. Llevel 2 criteria
were not met by CRD's 34=43 and 30-07 at 600 psig and by CRD
22-5S5 at 800 psig. All technical specifications and level 1
criteria were met for all testing at 600 psig and 800 psig.

At rated reactor pressure scram times were measured
for all in-gequence CRD's with normal accumulator pressure.
-The gelected four in-sequence CRD's were scrammed three times
each with zeroc accumulator pressure...The. results for rated..
pressure scram testing are summarized in table STI 5-2. The
four selected. CRD's were friction tested and timed at rated

. pressure. All level 1 and 2 criteria were met for testing

at rated pressure. e e e
Table STI 5-2
Four Slowest In-Sequence Rod Scram Tests
90X Insertion Seram Time
Drive Test Rx Press. Bx Press. Rx Presss
Location Number 600 psipg 800 psi. 1000 psig
* 1 2.87 . J 2.77 2-3’0
22-55 2 - 2.94 3.14% 2.72
3 2,84 3.06 2.80
Mean 2.88 2.99 2.62
1 2.77 2.95 2.85
26-27 2 2.81 2.8