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5 PLANT OPERATION

200 _GENERAL

The objective of normal operation of the Yankee plant is to generate
base load electricity safely and at the lowest cost. To some extent, research
information will be originated where nuclear plant safety is concerned; but
extensive academic knowledge will not be produced. In order to generate elec-
tricity, maintain the equipment, and analyze for the safety of the fission
process the full time plant organization includes 12 administrative people,

38 operating and maintenance people, and 14 scientists, engineers, and highly
skilled technicians. The plant organization will be under the general direc-
tion of the Company manugemcnt at Boston and will receive technical support
from Boston. In addition, consulting services for special areas will be ar-
ranged as required, The technical consultants presently on call are as
follows:

Dr. Theos J. Thompson, M.I.T. - Nuclear Physics

Professor James M., Austin, M.I.T. - Meteorology

Mr. Samuel Levin, M.I.T. - Industrial Hygiene

Combustion Engineering Co. - Radiation Monitoring

Nuclear Development Corp. of America - Nuclear Engineering

. James I, Roberts, M.D,, New Fngland Electric System - Industrial
Medicine

Shields Warren, M.D., New England Deaconess Hospital - Radioclogical
Medicine

William C, Maloney, M.D., - Thorndike Laboratory - Hematology
David G. Cogan, M,D,, Mass. Eye and Ear Infirmary - Ophthalmology

During startup and initial testing, the plant organization will be
augmented by personnel of the major contractors, Westinghouse and Stone &
Webster, Westinghouse Engineering and Services representatives will tech-
nically supervise the installation and startup of all nuclear steam generator
equipment and other Westinghouse supplied steam plant equipment. Westinghouse
Atomic Power Department physicists will plan, technically supervise, anc
analyze initial core loading and testing. Stone & Webster power plant engin~
eering and construction personnel will technically supervise and, in some
cases, perform other equipment, electrical and hydrostatic tests. Yankee
plant personnel will operate the equipment and sign off for acceptance of

the equipment.
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Startup and normal operation of the plant with the nuclear core
in place will be performed only after appropriate licensing of contractor
personnel and plant personnel by the Atomic Energy Commission under Part 55
of AEC Regulations. The plant operating personnel are operating engineers,
already appropriately licensed by the Massachusetts Department of Public
Safety. BSeveral of the piant operating personnel have had previous nuclear
reactor operating experience.

Since the plant is primarily for base load generation of electric-
ity, the operation of the plant can be detailed almost as soon as design is
final. Therefore, this section of the report contains intermediate detail
step-by-step instructions for starti), norma) operation, shutdown, mainte-
nance, and emergency operation of the plant. In all cases, operator action
will be guided by these instructions, and these instructions cover all
presently conceived conditions. If the instructions are found to be inap-
propriate in any respect, they will be reviewed and revised by the local Plant
Operations Review Committee. The Committee is made up of the Plant Super-
intendent, the Chief Engineer, the Technical Manager, and the Reactor Engineer.

The broad principles of plant operation are as follows:

The plant 1s divided into two general areas, one to be considered
potentially contaminated and the other clean. Access and opera-
tion in the potentially contaminated area are subject to restric-
tions as detailed in subsequent instructions.

Limited access is provided into the vepor container when the nu-
clear plant is at operating pressure and temperature and is sub-
critical. Access into the vapor container will not be allowed
with the reactor critical, except for special test reasons.

Operation of the nuclear plant will be accomplished primarily
from the centralized control room. The control room will be
manned by two operators at all times, except during reactor re-
fueling or during periods of cold shutdown.

Some nuclear plant operation will be performed at local panels
under the direction of the centralized control room.

The waste disposal system is designed to be operated locally from
the Waste Disposal Building panel.

All operations will be surveyed automatically and by patrol for
hazard or release of radioactivity, and exposure records on all
personnel will be maintained.

Maintenance work on the steam electric plant and on portions of
nuclear plant outside the vapor container will be performed
with the plant in operation if the work can be carried out in
a safe manner.



Although all nuclear plant operation is by written procedure,
. the design of the plant recognizes that an operator error might
be possible; therefore, nuclear plant design is such that no
single operator or equipment failure can cause an accident of
serious consequence.

The plant will be operated in compliance with the rules and
regulations of the Commonwealth of Massachusetts and of the
Federal Government and in a manner consistent with best in-
dustrial practices . 'r large electric generating stations.

The plant will be open to properly authorized inspectors from
insurances companies and the State and Federal Covernments.
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The full time plant orgenization consiats of 65 employean, In eddi-
tion, the plant organization has avallable technical adviee amd services from
consultants in medicine, meteorology, industrial hyglene, and miclear engi-
neering. The plant organization chart is shown on page 501:2, Operation of
the entire plant is under the general supervision of the Flant Superintendent,
Administrative functions, nuclear fuel control and accounting, and plant
security are the responsibility of the Administrative Assistant. Operations
and maintenance are under the supervision and control of the Chief Engineer,
Technical services are under the supervision and control of the Technical

Manager. Many jobs on the chart are explanatory by the job name alone;
others require explanation to indicate responsibility and function,

The Shift Supervisors are operating engineers, appropriately licensed
by the Department of Mubllie Safety of the State of Massachusetts, They are in
charge of operation of the plant on their respective shifts and report directly
to the Chiefl Engineer. They will cause the plant to be operated at the direc-
Lion of the Chief Engineer according to the normal and emergency instructions
for operation., They must acquire an appropriate license as required by
Part 55, AEC Regulations. During the preliminary muclear plant operation,
they will not make an approach to criticality nor a startup of the nuclear
plant except at Lhe direction of tha Reactor Engineer, the Technical Manager,
the Chief Engineer, or the Plant Superintendent, The Shift Supervisors may
change reactor and plant power level above 10% power as required by demand,
They must always be on the alert to analyze plant conditions and direct plant

. securement if an unsafe operating eondition exists, For plant emergencies
which do not involve the nmuclear c e or a radioactivity hazard, the Shift
Supervisor must immediately contact the Chief Engineer. For emergencies
vhich involve the nuclear core or a radioactivity hazard, the Shift Super-
visor must immediately notify members of the Plant Operations Review Committee.

The Reactor Engineer is in charge of all muclear physics and nuclear
test programs associated with the core and the nuclear plant and reports
directly to the Technical Manager. He will share responsibility with the
Westinghouse physics complement for the supervision and performance of the
initial core loading and the initial muclear core tests., He will be respon-
sible thereafter for safe thermal and nuclear flux operation of the core.

He will be responsible for the contimuing tests necessary to verify safety
of the nuclear core with time, He can at any time take charge of the con~
trol room and direct nuclear plant operations, if he determines the situa-
tion warrants such action, The Reactor Engineer is assisted by two Technieal
Assistants. In his absence one of the Technical Assistants will assume his
duties and responsibilities,

The Maintenance Supervisor is responsible for all mechanical and
electrical maintenance associated with both the nuclear and the steam plant
and reports directly to the Chief Engineer, Certain portions of the elec-
trical maintenance work will be performed under his supervision by either
New England Power Service Company or New England Power Company crews. This
work includes the 115 kv switchyard maintenance, protective relaying, and
certain electrical meter calibrations., Other electrical maintenance within

. the plant will be performed by the plant repairmen., Mechanical maintenance
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throughout the muclear and steam portions plant will be done with plant repair-

men, except where a coincident heavy maintenance work load exists on miclear
and steam portions, If this occasion arises, plant repairmen will normally
concentrate on the nuclear portion of the plant while the steam portion will
be subcontracted., During the maintenance period, the plant operating crews

will do reactor refueling under the direction of the Chief Engineer and the

technical supervision of the Reactor Engineer, the Technical Manager, or the
Plant Superintendent,

The Health and Safety Supervisor is responsible for the normal good
safety practices of a large electric generating facility, for care of accident
cases and health matters within the scope of a Registered Nurse, and for
radiation exposure safety. He reports directly to the Technical Manager and
indirectly to the local doctor and the New England Electric System Medical
Director. As a part of radiation exposure safety, he will arrange for, and
cause to be used, all such safety devices and special clothing as may be re-
quired for exposure control according to Section 507, RADIOLOGICAL HEALTH
AND SAFETY. He will have charge of and be responsible for the processing of
all monitoring devices attached to people. He will use and cause to be used
all portable direct radiation monitoring equipment to establish and maintain
a record for personnel safety from direct radiation, He will establish that
personnel obey the rules for health and safety protection according to the
instructions in Section 507 and the detailed Industrial Hygiene Manual. He
will keep appropriate radiation exposure records as directed by the Technical
Manager and the medical consultants and will assist in the required medical
tests, He will receive direct radiation monitoring assistance from the
Nuclear Auxiliary Operators and source strength information on contamination
of solids, gases and liquids from the Chemical Engineer.

The Chemical Engineer is responsible for all plant water treatment
and water conditioning and for all liquid, solid and gaseous waste processing.
He reports directly to the Technical Manager. He will cause both the steam
and nuelear portions of the plant to be operated with proper water condition-
ing, He will cause the necessary analytical work to be done to ascertain the
radiocactivity levels in liquids and gases in storage and direct their process-
ing for plant control or disposal, He will be responsible for jetermining the
source strengths of all radicactivity and contamination where indirect and
precise techniques are required, He will be in charge of the counting room
and make or request arrangements for radioisotopic identifications required
for control and safety,

The Control Engineer is responsible for all instrumentation and con-
trol equipment of the nuclear and steam portions of the plant and reports
directly to the Technical Manager, He will maintain and cause plant process
instruments and control equipment tc be in proper calibration and operating
condition, He will be responsible for the maintenance and calibration of all
plant and site direct radiation monitoring equipment. He will maintain and
direct the repair of all control circuitry associated with the nmuclear and
steam plant, exclusive of electrical metering and relaying.

It is anticipated that the Plant Superintendent, the Chief Engineer,
the Technical r, the Shift Supervisors, the Reactor Engineer, the Technical
Assistant (Physics) and one half of the Control Room Operators will obtain .EC
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Part 55 licenses before normal regular full time operation of the nuclear plant
with core in place is allowed, Massachuseits Department of Public Safety
licenses have been made a job requirement by Yankee Atomic Electric Company for
the Chief Engineer, the Shift Supervisors, and one half of the Control Room

Operators,

The hiring and transferring of technical, supervisory and top operating
personnel for the plant have been completed in a most successful manner, Most
of these people were acquired from sponsor companies of Yankee, and some have
had years of experience in the muclear field by way ¢f loaned assignments, A
brief resume of their qualifications is as follows:

Job Category Training and Licenses
Flant Superintendent BS in Mechanical Engineering 1947

Registered Professicnal Engineer

Since June 1951 employed in research, design,
operation or testing of several reactors,
including STR, EBR~I and II, Borax I and III,
EBWR, AFDA-PRDC and YAEC.

2nd Class Massachusetts Operating Engineer's
License

Chief Engineer BS in Chemistry 1339
Since 1956 ¢ ployed in research and design
of APDA-PRDC and YAEC reactors,
Shippingport School Feb, - July 1959
1st Class Massachusetts Operating Engineer's
License

Technical Manager BS in Mechanical Engineering 1942
Registered Professional Engineer
Since 1953 employed in research and design
of APDA-PRDC and YAEC reactors.
Shippingport School Feb. - July 1959

Maintenance Supervisor Graduate Lowell Institute 1939
Since 1925 employed as machinist and master

mechanic in New England Electric System
steam plante,

Shift Supervisors All five have at least two years of formal
technical schooling beyond high school.
One has a degree in Marine Engineering.
One has five years experience in operation
and testing of Seawolf and Triton sub-
marinres and prototypes, Four have lst
Class Massachusetts Operating Engineer's
Licenses,



Job Category

Reactor Engineer

Health and Safely
Supervisor

Chemical Eng.-cer

Control Engineer

Control Room Operators

Technical Assistant
(Physics)

Technical Assistant
(Mechanical)

Chemists

501:5
1/10/60

Training and Licenses

BS in Engineering Physics 1955

Since 1955 employed at Savannah River on
operation and since 1957 on performance
of YAEC critical experiments.

Shippingport school Feb. - July 199

Registered Male Nurse 1941
R.A. Taft Sanitary Engineering Center
School July 1959

BS in Chemical Engineering 1955

Since 195 employed at Savannah River,
APPR and YAEC in design, operation and
testing

B8 in Electrical Engineering 1951

Since June 1958 employed in instrumentation
work for YAEC.

WIR Training and Work Experience April -
July 1%9

All ten control room operators have academic
high school course or equivalent diplomas.
One has degree in Marine Engineering. One
has 11 years of reactor operation at Hanford.
Two have lst Class Massachusetts Operating
Engineer's Licenses. Four have Znd Class
Massachusetts Operating Engineer's Licenses.
Two have 3rd Class Massachusetts Operating
Engineer's Licenses.

B8 in Physics 1957
Since August 1959 employed in training
program at YAEC plant

BS in Mechanical Engineering 1958
Since June 1958 employed with construction
forces on YAEC plant.

Both chemists have BS - Chemistry degrees.
One has several years experience in steam
plant water chemistry and attended the
R.A. Taft School in July 19%9. The other
took Master's degree credits in radio-
chemistry plus Shippingport School July -
October 1959.
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Job Category Training and Licenses
Loaned Sponsor Company At least six technical employees of the
Employees sponsor companies are scheduled for assign-

ments at the plant during startup. One
Sponsor Company Employee has seven years
steam plant I and C plus one year on EBWR
and two years on YAEC design,

Other sponsor company employees will have
served at least a two menths indoctrina-
tion period on YAEC design before being
given plant assigmments during operation,

The remainder of the technical and operating persor ‘el for the plant
will be hired in early 1960. They will be hired with appropriate technical
‘rvaining and Massachusetts Operating Engineer's Licenses,
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502 PERSONNEL TRAINING

Personnel training has been divided into four phases depending
upon the job requirements and the time required for preparation of the in-
dividuals participating. These training phases are as follows:

Phage 1 - long Range Jechnicel and Supervisory Training

Yankee sponsor company employees were placed on loan to AEC con-
tractors and other reactor designers starting in 1951. A number of these
men are included in the plant supervisory staff. By this method of loaning
perasonnel and by additional hiring of a small number of experienced super-
visory personnel, Section 501, PLANT ORGANIZATION, Yankee has in the Rowe
plant organization a total of approximately 25 man years of nuclear reactor
experience as of September 1, 1959, More than 12 man years of nuclear re-
actor experience are represented by the Boston Office supervisory technical
group who generally direct and technically support plant operations.

Ebase 11 - AEC and Dssigners Schools for Technical and Supervisory
reining

Several Yankee plant technical and supervisory personnel have ate
tended as students and have acted as instructors in various training schools
which include the ARCO and the KAPL Navy Submarine Training Schools, the
Argonne School of Nuclear Science and Engineering, and the Shippingpurt
School. The total accumulated classroom hours for these personnel in AEC
and designers schools is approximately 3,000 as of September 1, 1959,

The plant operations and technical training school will begin on
September 8, 1959, about one year before nuclear plant operation is planned.
The instructors for the school will be Yankee supervisory personnel already
trained by loan assignments or in outside training schools, Westinghouse
engineers and scientists, Stone & Webster engineers, and Dr. Theos J.
Thompson of M,I.T. Those attending the school will be the key operating
and technical services personnel, about 30 people.

The specific personnel attending or acting as instructors in the
school are the Plant Superintendent, the Chief Engineer, the Technical
Manager, the Maintenance Supervisor, five Shift Supervisors, ten Control
Room Operators, the Reactor Engineer, four Technical Assistants, the Health
and Safety Supervisor, the Chemical Engineer, two Chemists, the Control
Ergineer, and one Control Technician, Approximately cix sponsor company
engineers will also participate in the school.

The objectives of the school are to prepare the key operating
group for a complete understanding of plant operation and to prepare the
technical services group for their functions necessary to the support and
safety of plant operation. The training school will cover the following

programs:

-~ Basic thecoretical science train-
ing will be givei.. to the operators to prepare them for better
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understanding of the complexities of the nuclear plant. The
approximate schedule of classroom hours to be devoted to each
of these basic courses is as follows:

Subject Hours
Mathematics 70
Chemistry 10
Nuclear Physics 30
Electricity and Magnetism 25

Engineering Training Program - Engineering associated with the Yankee
plant will be taught concurrently with basic science subjects. The
subjects and approximate hours are as follows:

Subject Hours

Plant Cold Chemistry 15
Radiochemistry and Waste Disposal 25
Thermodynamics and Hydrodynamics 30
Reactor Theory 30
Reactor Operation 20
Plant Instrumentation and Control 25
Plant Systems, Flow Diagrams and

Layouts T0
Plant Systems, Components 50
Integrated Plant QOperation 50

On-The-Job Training Program - As the key operating personnel progress
in the two classroom programs outlined above and as the construction
contractors proceed with installation of certain equipment in the
plant, assignments will be made for the operators to perform, witness,
and check off the acceptance tests of equipment and systems being made
under the technical direction of the contractors. The Chief Engineer
will make these assignments in such a manner as to give the operators
a working familiarity with the specific equipment which they will
later be assigned to operate. Even though no hazard exists, other
than the possibility of damaged equipment, no operator will be as-
signed to acceptance testing unless and before he has become satis-
factorily oriented with respect to the equipment or system.

The key technical services personnel will in the same manner do on-
the-Jjob work after suitable classroom training. Their work will be
carried ¢ t primarily in their respective laboratories such as the
instrume. tion and control laboratory, the radiochemistry laboratory,
the plant chemistry laboratories, etc. Assignments for practice test
work for this group will be made by the Technical Manager.  hey will
perform acceptance testing on such svstems as the water tre tment
system and the radiation monitoring system. The instrumentation and
control group will do instrument calibration work at the request of
the contractors throughout the extent of equipment installations.



Maintenance perscnnel will te trained primarily by on-the-=job
training. It is anticipated that some of the mechanics now
engaged in plant construction work with the comstruction com-
pany will be hired for the plant maintenance force, Cther
skilled maintenance personnel will be acquired primarily from
sponsor companies,

The final asgects of on-the-jcb training for operators, teche-
nical services personnel and maintenance personnel will te
startup operational work in line with Section 5C3C FREOPERA-
TIONAL FROCEDURES, SECONDARY FLANT; 502L, PRFOFPF®.IIONAL FKO-
CEDURES, NUCLEAR }’LMT' and 503E, INITIAL CORE _OADING AND
NU(..I..EAR CORE TESTS. On-t}"e-job tra-ning in these startup
areas will be closely assnciated with manufacturer's startup
representatives and experienced nuclear plant technical ad-
visory personnel,

Ira.ping bty rreparation of letailed Instructions, Check-Cff
Ligts and Technical Manuals - Evcon though the Final Hazards

Summary Report contains extensive sections on normal operate
ing, maintenance and emergency instructions, they may not be
in adequate detail for operator action. The instructors will
study * - students' response to the Hazards Report instruc-
tions to ascertain whether or not further detail is neccssary
in order to asrure correct operator action. where it is found
that the instructions r~re not adequate for operating require=-
ments, they are to be rewritt n by the student cperators to
include necessary added cdetails as, for example, relating
cperations to specific valve numbers. Check-off lists for
each instruction, Sections 502 and 504, will be prepared by
the operators as a part of school tiaining. Similarly, test-
ing procedure write-ups and manuals will be prepared by the
technical services perscnnel.

Phase IV ~ General Employee Training

The preceding phases of training are concerned primarily with pre-
paring the key plant personnel. About 3 months before startup of the com=
plete main coolant system for pre-core loading tests, the remainder of the
plant staff will be hired. They will be prepared for their job assignments
by the personnel already trained. Concurrently, two general classroom
training programs for all plant persomnnel will be initiated. Ore program
concerns Radiological Health and Safety, Section 507, and will be conducted
under the general direction of DIr. James I. Roberts of the New England
Electric System, consultant to Yankee. Classroom lecturers include the
Health and Sarety Supervisor, the Technical Manager, and Yankee consultants,
Mr. Samuel Levin of M.I.T. and Dr. David Cogan of The Massachusetts Eye
and Far Infirmary. The subjects for Radiological Health and Sarety Training
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and approximate classroom hours are listed below, Recurring lectures will

take place as part of continuing safety education in those subjects marke

below with an asterisk (*).

Industrial Medicine 2
Radiological Medicine 3
Dosimetry 3
Radiation Counters 2
¥Radiological Safety Procedures 3
Protective dquipment and Clothing 2
Environmental Monitoring 1

The other general classroom training program concerns plant personnel safe
working action and action during emergencies, and will cover the following
subjects with the following approximate classroom hourst

o Tt

Subject Hours

-

*Fire Protection )
¥Industrial “afety 3
Sabotage and Security 1
¥Nuclear Plant Accidents 5

The training of personnel for operation of the plant has been ana
will continue to be quite extensive. The ultimate goals are to develop com=
plete competence at the plant to safeguard the plant and the public and to
prepare the plant operators to qualify for licenses under AEC Regulations,

Part 55. At the cime the nuclear core is loaded, the plant personnel will

have completed approximately 15,000 man~hours of classroom work, acquired

about 75 man-years of nuclear plant experience and familiarity, and have

more than a century of Massachusetts licensed steam plant operating experience,
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INIT | N_AND START-UP TEST PROGRAM

203A EQUIPMENT SPECIFICATIONS AND MANUFACTURES' TESTS
Specification

All equipment is procured from specifications. The specification
is a formal document with necessary attachments in the case of important
equipment or materials. In less important instances, a memorandum or a
requisition for a catalog item of standard equipment suffices, but, in every
instance, a definite roquirement is specified, :"th sufficient identifying
detail to be certain the item will perform its .avended function.

The specification covers the conditions under which the item will
operate, stressing those factors which must be understood by the supplier.
Required performance characteristics, such as flow, pressure, temperature,
and speed are statec. Where considered mandatory for the service, special
materials are specified. Where there is a choice of available materials,
the supplier is invited to recommend such, based on his experience. Where
necessary, mat 'rial specifications are included or reference is made to
standard ASTM specifications. Requirements for all necessary auxiliary
component parts are included.

Specifications require that the supplier include performance and
quality guarantees.

Proposals are carefully reviewed for conformity to the specifica-
tions, and the quality of the offering and the prestige of the supplier are
taken into account, as well as price, when procuring equipment,

After placing an order, the specification is revised to include
any approved alterations, to record performance and material Jdata, and to
incorporate performance curve sheets.

A complete file of all specifications and orders is maintained in
the offices of the operating company and of the design engineers, as well
as at the job site, the latter of which is the Official File.

Manufacturers' drawings are reviewed for conformity with the speci-
fication. Manufacturers' shop procedures, such as welding, are reviewed and
approved and, where necessary, specimens of their shop work are obtained and
submitted to laboratory tests under the supervision of the design engineers.

Biping

Shop fabrication of piping is covered by "Specification for Piping
(YS-497)" (not included) or accepted current issue., OShop fabrication of main
coolant piping is covered by Vestinghouse E-Specification 569006 (not iucluded)
or accepted current issue. Suppliers' shop welding specifications for second-
ary plant carbon steel pipe are reviewed and approved, but the design engin-
eers' specificaticns for primary plant piping, as referenced in the above
specifications, are followed.
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Cleanliness

Specifications for components for the nuclear steam generator for
the primary auxiliary systems and for primary plant piping contain special
requirements for cleanliness. These specifications require the highest
grade commercial cleanliness, but only such as is compatible with the neces-
sary reopening of the equipmert in the field for erection and making piping
connections. The requirements {or cleaning on menufacturers' precaises spec=-
ify reasonable cleanliness of the premises and the removal of all visible dirt,
grit, scale, wveld spatter, grease, and oil, with certain readily obtainable
commerciel cleaning fluids, prohibit certain fluids as damaging to stainless
steel, require inspection of crevices and, after drying, specify that all
openings in the item shall be covered and protected in a commercial manner,
These requirements for cleaning of equipment, piping, and valves on manufac-
turers' premises are covered in "Requirements for Cleaning Material and
Equipment for Main Coolant and Primary Auxiliary Systems"™ (not included).

Shop argpection
The design engineers keep posted at all times as to the manufac-
turing status of each item by means of reports, periodic visits, and, where
required, a prolonged time in residence at a manufacturer's shop, all in

conformity with the importance of the equipment and previous experience with
the qualifications of a supplier.

All major equipment and special materials are inspected by represen-
tatives of the design engineers. This includes the turbine generator unit,
condenser, condenser tubes, pressure vessels, exchangers, pumps, fans, fabri-
cated piping, high pressure valves, and special alloy material. The inspec-
tion procedure to be followed for each purchase order is outlined to an
inspector.

This inspection includes the following, in varying degrees, as
requireds

All special material is checked to make certain it conforms
to specification requirements.

Chemical analyses and physical tests are checked.
Hydrostatic and pressure tests zre witnessed.

Running and performance tests of rotary equipment are
witnessed.

A couplete dimensional check is made to make certain that
equipmen* conforms to drawing requirements.

Equipment is checked for {laws and imperfections.

Equipment and material are checkri for cleanliness,
readiness for shipment, and packaging.
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‘ 2038 DELIVERED EQUIPMENT INSPECTIONS AND INSTALLATION PROCEDURES

eipt o t at the Job Site
Equipment and material are delivered by truck or by railroad.

Equipment and material, as received, are checked for completeness
or damage, If the latter is found, an immediate request is made for
replacement,

Equipment and material after the receiving check are placed in
storage, if erection can not immediately proceed. Small items susceptible
to damage from exposure, such as motors and valves, are stored in a perma-
nent wvarehouse. Large items are protected with a temporary shelter. The
very largest items, such as the steam generators, are stored outside on
wooden platforms and surrounded by a combination wooden and tarpaulin en-
closure. All openings are .cft closed, as per Section 503A, EQUIPMENT
SPECIFICATIONS AND MANUFACTURERS' TESTS.

Cleanliness

No "clean room" as such is employed in which near-surgical clean-
liness is achieved. The requirements for the highest grade commercial
cleanliness which can be obtained practically are observed, While a special
effort over and above that used on a conventional plant is made to ensure
cleanliness, it is recognized that components must be handled, opened, in-

. spected, set in place, heated, and welded under field conditions. Cleanli-
ness specifications have, therefore, been prepared with full awareness of
the constraints imposed by field conditions and the necessity of eliminating
all foreign material which may cause difficulties during operation.

Gross dirt and debris are continuously removed during the erection
procedure, but final cleaning is reserved until the last, when a complete
visual inspection is made and removal of all visible dirt and contaminants
is undertaken, followed by a closed system flushing.

This manual cleaning prior to flushing is specified under
"Requirements for Cleaning Material and Equipment for Main Coolant and
Primary Auxiliary Systems" as follows:

"Stringent service requirements for equipment and piping
containing fluid that enters the main coolant loops
make it imperative to maintain an unusual degree of
cleanliness on all surfaces in contact with that fluid.
Dirt is harmful in these circuits since it can become
irradiated., Inspectors and foremen shall take all
necessary precautions to insure the cleanliness of
these circuits.®



"The area in which the final assembly, connecting to and

making up of pipe joints are undertaken shall be kept as
clean as practicable, Floors and benches should be given
the equivalent of a vacuum cleaning at least once a day
and no dirt-producing operations shall be undertaken in
the vicinity, If assembling or connecting up operaticns
are interrupted, any exposed interior surfaces or openings
shall be covered with plastic sheets taped in place, or

the equivalent., Fabric covers shall not be used."

"Compressed air shall be used for cleaning to a minimum
extent, and only if oil and moistire-free,"

"All visible dirt, dust, chips and scale shall be removed

by suction or lint-free wiping cloths. Finally, &ll
accessible surfaces shall be washed with alcohol and
dried, using lint-free cloths."

The cleaning requirements for primary plant piping during the
process of erection, as specified in "Welding Procedure Specification

No. W65-NPP, Part III Field Erection Welding," are as follows:

"All shop fabricated parts received at the job site for
field erection welding shall have been previously
cleaned in accordance with the shop fabrication pro-
cedure, The field erection forces shall thoroughly
clean each end inside and outside., A circumferential
band at least 3 in, wide at the end of the pipe shall
be cleaned with a solution of warm water and Tide, or
equivalent, and thoroughly rinsed with clean water and

dried with a lint-free cloth, Immediately after cleaning,

the ends of the piping shall be fitted together and the
2oot bead welding performed."

Brection

Piping 1s erected in the field under the design engineers'

"Specification for Piping Covering Field Erec*ion" (¥S-497A)
supplement to the general "Specification for Piping" (18-6975.

which is a

The referenced design engineers' specifications for welding

(not included) aret

W40 - Procedure Specification for Manual Metallic Arc
Welding for Carbon Steel Material

W65-NPP, Part II1I, Welding Procedure Specification for
Nuclear Power Piping for Austenitic Stainless Steel

Piping - Type 304

503B12
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W65-NPP, Part IV, Welding Procedure Specification for
Nuclear Power Piping for Austenitic Stainless Steel
Piping - Types 304 and 316 for Speedline Fittings

No. 9699, Welding Procedure Specification for Main
Coclant Loop = 20 In, and 24 In., 4 In, Pressurizer
Surge Line and 5 In., Loop Equalizing Lines for
Austenitic Stainlees Steel Piping - Types 304 and 316

A step by step procedure for erecting the components of the
nuclear steam generator is covered in "Procedure for Erecting Main Coolant
System Components and Piping."

In summary, this procedure describes unloading, insulating and
placing the reactor vessel in the lower part of the neutron shield tank.
The vessel supports are levelled and pinned.

The steam generators are arected on their supports, the main
coolant pumps are hung, and the main coolant piping and valves are erected,
vorking radially either inward to cr outward from the reactor, depending on
the sequence of receipt of components, to the piping field pieces between
the steam generator and main coolant pumps,

The pressurizer is piped up, and all small branch connections to
the main coolant loops and instruments are made, at least to the first high
pressure closure valve, Piping and equipment are insulated, leaving field

' welded joints exposed for the final hydrostatic test.

After installation of the preoperational filters in the steam
generator outlet nozzles and the seal welding of the control rod drive
mechanisms located on the reactor vessel head, a complete final hydrostatic
test of the entire system is made, as per Section 503D2, PREOPERATIONAL
PROCEDURES, NUCLEAR PLANT - MAIN COOLANT SYSTEM PRE-CORE LOADING TESTS.

The upper portion of the reactor body and those porticns of the
main coolant piping surrounded by the shield tank are insulated. The upper
portion of the shield tank is completed, shield tank piping connections made
up, and the whole tank assembly is then tested,

Pipe and vessel insulation is completed as far as possible. All
closures in the main coolant system are opened, including valve boanets
vherever possible, and a complete visual check and cleaning of the entire
main coolant system is made premaratory t¢ the flushing operations.

All primary piping field welds are given visual, radiographic
‘ and dye check inspection by the construction organization, as required
| under the welding specifications. All welds in the mair coolant lines,
the pressurizer surge line, the main coolant by-pass lines, and &ll high
pressure branch lines attached to the main coolant loops as far as the
first shutoff valve are given a second inspection by an independent agency.
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Construction procedures and practices which have been mutually
agreed upon are listed in "Field Inspections and Procedires Requested by
Westinghouse in Connection with Westinghouse Equipment.,"”

All craftsmen are skilled in their respective trades. Welders
are given the necessary qualification tests on the job, as required in the
Boiler, Unfired Pressure Vessel, and Piping Codes.
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As construction work reaches a conclusion and before operation can
be started, testing and tryouts of equipment proceed., All piping and equip-
ment will be inspected, and that which requires cleaning will be blown out
with steam, flushed with water or cleaned by some other acceptable method,
The flushing and blowing procedure for secondary plant piping is described
in the latest revision of "Cleaning Procedures for Piping Systems, Secondary
Plant, January 26, 1959 or accepted current issue, This detailed procedure
is not included in this document.

If rapid generation of steam is employed for blowing out the main
steam lines, this will be obtained from the steam generator utilizing pump
heat from the main coclant circuit, prior to the installation of the core,
thereby eliminating any possible nuclear hazard,

All rotating equipment will be inspected to ascertain that it has
been correctly assembled, properly installed, adequately lubricated and is
ready for operation in all other respects. Included in this inspection are
all essential instrumentation, contrels, piping and wiring.

The initial trial of any equipment will be attended Ly personnel
from the operating company who actually handle valves, switches, and other
controls under the supervision of a Starting Engineer or Power Engineer
specially detailed by the construction orgenizaticn for this service. Crafts-
men to make adjustments and a service representative of the equipment manu-
facturer to furnish supplementary supervision will be utilized, as required.

During these trials, the equipment will be operated to the fullest
extent possible under the circumstances, safety devices will be tested, and
special attention will be paid to conditions which might indicate incipient
weakness or failure during subsequent operation.

At the conclusion of an adequate trial period, the equipment will
be formally released in writing to the operating company. This release in
effect establishes the responsibility for operational jurisdiction, as well
as for its lubrication, mainterance and the requisite routine attention.

The purpose of the formal release procedure is exactly as herein defined.

It is conditional and should latent defec's be found in either the equipment
or in the manner of installation, the construction organization is cobligated
to assume responsibility for prompt correction of the defects.

The Power Engineer is a specialist in this start-up work. He is
qualified by long experience in operation, maintenance, and testing, He is
supported by the entire design and construction organization., An important
aspect of his work is coordination of effort on the part of many individuals
of diverse skills and viewpoints. He ascertains that the service represen-
tatives of equipment manufacturers are qualified for their particular assign-
ments. He renders valuvable service in instructing and guiding the operators
sc that they become comversant with the new equipment.
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STARTUP PROCEDURE NO. 503Dl

PREOFERATIONAL PROCEDURES, NUCLEAR PLANT
FILLING, CLEANING AND FUNCTIONAL TESTING OF AUXILIARY SYSTEMS

General

The methods listed for testing the various auxiliary systems in
this procedure are not in a sugpgested sequence. The startup staff will
determine the actual sequence according to ~onvenience with the actual
field schedule and revisions,

In all filling and cleaning vrocedures, the applicable portions
of 0.1, No. 504K2, PRIMARY PLANT SAMF_(NG SYSTEM - AUXILIARY SYSTEMS, should
be employed to establ. : when required water purity has been obtained. As
& nominal purity standard, specific resistance of any system water should be
greater than 500,000 ohm-cm at 77 F, chloride content should not exceed
C.2 ppm, and total sclids should not exceed 2 to 3 ppm., This standard
applies to all systems which tie in to the main coolant system at the time
when they are considered to be cleaned. Feed and bleed or complete drain
followed by repeat fill and cleaning may be required of systems if the water
is sub-standard.

All cleaning operations calling for the use of temporary strainers
(not original equipment) will have these pieces installed before filling is
izitiated. In all cleaning operations, circulate at as high a rate as possi-
ble with all vents and drains open and continue until the drain water is
about as pure as flush water being charged.

Hydrostatic tests will nominally be performed on each auxiliary
system as soon as it is ready for testing, and ar: not described in this
procedure. Details for these tests will be wcrked out by the field staff.
In all tests, demineralized water should be used.

Since filling and cleaning operations are common to all systems,
the purpose given for each system is to describe the design conditions which
are to be satisfied and the method is intended to provide these data. This
section may not logically follow the filling or clesning steps, and should
be performed when proper conditions exist to check the performance of the
particular system. Use demineralized water for all filling and cleaning
operations.

Charging and Volume Control System

Puriose - The purpose of this system is to determine that water
can be charged at rated flow against normal system pressure; to check bleed
flow against design rate for each pressure reduction station; to determine
the response of the system to changes in pressurizer level and to check
maximum and minimum flow of the variable speed charging pumps against design
rated flows.
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1 = Perform {illing operations as detailed in 0.1, No. 504F,
CHARGING AND VOLUME CONTRCL SYSTEM, except that hydrogen cverpressure need
not be established.

- With normal low pressure surge tank “evel controls by-
passed and one make-up pump on manual control, raise the low pressure surge
tank level until water reaches the prossurizer safety valve. Pump the level
down to normal level via the drai pump to waste disposal. When the system
is to be gas pressurized, use ir rt gas from the hydrogen manifold until
waste disposal is ready to receive hydrogen.

Method

(1) With the main ccolant system at 2,000 psi gage and temperature
greater than 110 F (refer to S.P. No. 503D2, PREOPERATIONAL
PROCEDURES, SUC.EAR FLANT -~ MAIN COOLANT SYSTEM PRE-CORE
LOADING TESTS), put the two variable speed charging pumps on
manual control, Individually start and observe each charging
pump at full flow. Run all three pumps together and observe
indicated flow, (Refer to Section 203, CHARGING AND VOLUME
CONTROL SYSTEM),

CAUTION: If system pressure starts to rise, stop the
charging pumps immediately and start bleed
flow. Do not start any main coolant pump
until pressurizer temperature is in the
range of 385 F to 400 F,

(2) with the main coolant system at 2,000 psi gage and 514 F end
the charging pumps on avtomatic control, open the stop valves
in each pressure reduction station separately. Observe bleed
flow, pressurizer level 6 feed flow, low pre¢ssure surge tank
cooler performance, and feed and bleed heat exchanger
performance.

(3) Determine minimum flow for each variable speed charging pump,

Pressure Control and Relief System

?m_g - The purpose of this system is to determine that the
system will protect the main coolant system and control pressure.

-~ With the pressurigzer vent open, allow the pressurizer to
£111 at the same time the main coolant system is filled (Refer to S.P.
No. 503D2, PREOPERATIONAL PROCEDURES, NUCLEAR PLANT -~ MAIN COOLANT SYSTEM
PRE-CORE LOADING TESTS).

- With the pressurizer vent open, operate the surge spray
wvith one charging pump and concurrently drain the pressurizer. Flush until
clean,
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Method

(1) During initial heatup of the main coolant system (refer to
S.P. No. 503D2, PREOPERATIONAL PROCEDURES, NUCLEAR PLANT -
MAIN COOLANT SYSTEM PRE-CORE LOADING TESTS and 0.I. No. 504E
PRESSURE CONTROL AND RELIEF SYSTEM), check regulation of
main coclant system pressure against pressurizer steam
pressure and temperature.

v

(2) With the main coolant system at 2,000 psi gage and 514 F,
switch off the main coolant pumps and allow the pressurizer
to maintain 2,000 psi gage. Determine pressurizer insulation
heat loss by measuring heater cycles.

(3) With the main coolant system at 2,000 psi gage (all heaters
in operation), and 514 F and all main coolant pumps »perating,
hold T‘vg constant with steam by-pass and determine cir-
culation spray flow by measuring heater cycles. Raise pres-
sure to 2,300 psi gage with the charging and volume control
system and check that the surge spray operates at 2,300 psi
gage to reduce pressure to 2,250 psi gage.

(4) Turn off all sprays if the main coolant pumps are on, then
place the pressurizer heaters on manual control and heat
the pressurizer until the steam temperature reaches 661 F
(2,400 psi gage). Check that the solenoid operated relief
valve operates to reduce pressure to 2,350 psi gage and that
the valve closes properly (pressure does not continue to
drop). Note safety valve discharge pipe temperature,

(5) Close the gate valve in the solenoid relief line, heat the
pressurizer up to 2,500 psi gage, and note the first safety
valve blowdown pressure on the pressure indicator recorder.
Gag the valve. Heat up to 2,575 psi gage, blow the second
safety valve, and note the blowdown pressure. Lower the
pressure and remove the gag from the first valve, Reseat
the valve and prepare boih valves for normal operation. In
each case; note relief pipe temperatures as an indication
of proper valve reseating.

(6) Using the charging and volume control system (with bleed
greater than feed) reduce pressurizer level to 50 in.
Check that the heaters automatically deenergize.

Vent and Drain System

Purpose - The purpose of this system is to demonstrate satisfactory
operation of the system and check performance of individual compcnents.
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Method - Operate the system in conjunction with S.P. No, 503D2,
PREOPERATIONAL PROCEDURES, NUCLEAR PLANT - MAIN COOLANT SYSTEM FRE-CORE
LOADING TESTS, in order tc determine the overall performance and satisfactory
operation of the components, as described in Section 211, VENT AND DRAIN
SYSTEM, PRIMARY PLANT. Verify:

(1) The discharge of hot and cold main coolant
(2) The venting of main coolant system gases

Samplin en

Purpose - The purpose of this system is to demonstrate satisfactorily
that each main coolant sample point provides for the safe removal and collec-
tion of a specified quantity of representative fluid.

Cleaning - When design conditions are obtained at each sample point,
blow down tnat sample line (with the appropriate coolers in service), to the
primary drair collecting tank. Blow down each sample line until about 15 gal
of fluid are uischarged.

Method

(1) Perform sampling operations according to 0.I, No. 504K1,
PRIMARY FLANT SAMPLING SYSTEM - MAIN COOLANT SYSTEM. Check
that the procedures are adequate for personnel safety and
obtaining the desired sample,

(2) High pressure sampling for dissolved hydrogen has been provided
as a check on the normal hydrogen sampling method. Procedures
for the use of this high pressure connection will be developed
in the field, if the check becomes desirable.

Shutdown Cooling System

Purpose - The purpose of this system is to evaluate the ability of
the system to dissipate residual heat and fission product decay heat following
main coolant system cooldown to 330 F and pressure reduction corresponding to
410 F pressurizer steam temperature.

Filling ~ Open the valves on both the shutdown cooling pump vent,
the low pressure surge tank cooling pump vent, and the heat exchanger vents.
Unlock and open the four key-locked motor-operated isolation valves in the
inlet and outlet lines of the shutdown cocling system. Open all crossover
valves botween the shutdown cooling and low pressure surge tank cooling pumps
and heat exchangers. Unlock and open the globe valve in the fuel pit emergency
cooling line, Temporarily plug the suction vell in the fuel transfer pit pump
and flood the pump with demineralized water from the priming line. Close the
fuel transfer pit pump discharge valve and open the normally closed valve in
the suction line tie to the emergenuy cooling line, Start one low pressure
surge tank make-up pump on manual, and check that the shutdown cooling system
is filling. As water discharges from each vent line, close the valve, When
the system is filled to the key-locked isolation valves, isolate the system
and stop the make-vp pump.,
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Cleaning ~ Install a temporary strainer in the flanged connection
‘ at each pump suction, Wwhen the main coolant system has been filled, open the
four key-locked valves and circulate main coolant through the shutdown cooling
pump and heat exchanger. Repeat for the low pressure surge tank pump and
cooler, Refer to 0.1, No. 504M, SHUTDOWN COOLING SYSTEM, for instructions to
operate the system.

Method - With the main coolant system at 330 F and 410 F pressurizer
steam temperature, put all fcur main coolant pumps on line., If cooldown is in
progress following performance of S.P. No. 503D2, PREOPERATIONAL PROCEDURES,
NUCLEAR PLANT - MAIN COOLANT SYSTEM PRE-CORE LOADING TESTS, terminate steam
by-pass. Put the shutdown cooling system in operation per 0.1, No. 504M,
SHUTDOWN COOLING SYSTEM, and determine that .he system will lower main coolant
temperature. Shutdown cooling flow may be slightly reduced, due to main
coolant pump head and pressure drop across the reactor. Compare heat input
calculated from the main coolant pump ammeter readings (corrected for heat
removal by component cooling), with decay heat curves and determire minimum
time at which shutdown cooling could be put in service.

Safety Injection System

ose - The purpose of this system is to determine the time re-
quired to bring the system up to full flow operation and to check that the
motor-operated valves and the pumps are properly synchronized.

Filling - Hose down the safety injection and shield tank cavity
water tank and drain through the 1 in. line to the sewer. Add about
. 100,000 gal of demineralized water to the tank, using the low pressure surge
tank make-up pumps.

Cleaning - Install a temporary strainer in the 10 in. safety in-
Jection pump suction line. Open the motor-operated gate valve in the 3 in,
recirculation line. Intermittently operate each safety injection pump manually
; during the filling time,

i Method ~ As a part of the initial fill of the main coolant system

: (refer to S.P, No. 503D2, PREOPERATIONAL PROCEDURES, NUCLEAR PLANT - MAIN
COOLANT SYSTEM PRE-CORE LOADING TESTS), automatically initiate E.I. No. 505B10,
PRIMARY PLANT - TOTAL LOSS OF MAIN COOLANT. Check that the pumps do not run
at shutoff, check that all valves and pumps are properly sequenced and timed,
and record the time to obtain full flow, as indicated by pump AP and also by
drop in tank volume. Stop the pumps as soon as full flow is obtained.

Purification System

Purpose -~ The purpose of this system is to establish that full
] design flow can be obtained and to vary flow between the design limits; to
alternate flow paths so that each ion exchanger is shown to give satisfactory
hydraulic performance.
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Filling -~ Before the purification and chemical shutdown ion ex-
changers are installed, flood the purification, cooling ané drain pumps with
wvater from the low pressure surge tank (pump discharge valves closed, vent
open). With the surge tank cooler by-pass valve closed and one ion exchanger
inlet valve open, start one pump and open the pump discharge valve. When
water discharges from the ion exchanger inlet l7.e, close the inlet valve and
open the inlet valve in the next ion exchanger. Repeat for all four ion ex-
changers, and stop the pump. Install the ion exchangers, close the glcbe
valve in the purified make-up return to the charging pump suction header,
open the crossover to the high surge tank level discharge line to waste dis-
posal, and manually open the level control valve, Open one ion exchanger
outlet valve, and pump demineralized water through the ion exchanger from
the flush line until water discharges into the waste disposal tank. Isolate
the ion exchanger and repeat for the other three ion exchangers.

Cleaning - Using the low pressure surge tank make-up pumps to
maintain level in the surge tank, pump water through the purification system
tec waste dispcsal until the effluent sample meets purity standards.

Method - Start up the system per 0.I. No. 504H, FURIFICATION SYSTEM,
With both purification ion exchangers on line; vary the flow controller set-
ting from 10 to 100 gpm, and observe incicated flow., Check that pump dis-
charge pressure does not indirate unstable operation. Repeat the test, using
the chemical shutdown ion exchangers. Operate and check all controls in the
purification system.

Component Cooling System

Purpogse - The purpose of this system is to determine that the
component cooling system will circulate cooling water at the design rate
and pressure; to determine that the various components are being adequately
cooled.

Filling - With the component cooling pump, surge tank, and heat
exchanger vents open, fill the system with demineralised water from the con-
densate supply line. With the exception of the surge tank vent, close each
vent valve as water d.scharges from the vent line, Add potassium chromate
solution from the corrosion control pot feeder to raise the level of chromate
in the system to 500 ppm.

Cleaning ~ Install a temporary strainer in each component cooling
pump suction line. Start up the system and circulate water to all components,
as outlined in 0.I. No. 504I, COMPONENT COOLING SYSTEM. Continue flushing
until the drain taps run clean.

Method

(1) Circulate component cooling water with one pump. Place the
various components on line, according to 0.I. No. 5041,
COMPONENT COOLING SYSTEM, and observe pump discharge pressure
and system flow. Repeat for the other pump., Determine that
design flow and pressure requirements are met by each pump,
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(2) Using the temperature instrumen‘ation for each component whic.
can be tested under these conditions, determine that the
component cooling system limits the temperature for each
component to the design limit,

(3) Deenergize the operating pump and establish that the other
pump automatically starts.

Chenical Shutdown System

Purpogse - The purpose of this system is to check out the components,
the batching procedure, and transfer features of the system.

- Fill the 3,000 gal boric acid mixing and storage tank
with about 1,000 gal of demineralized water from the low pressure surge tank
make-up pumps.

Cleaning - With the boric acid fill and transfer lines isolated and
recirculation loop open, start the boric acid solution transfer pump and
agitator (high speed)., After about one-half hour, during which the agitator
and pump should be checked for performance, raise the water level in the
mixing and storage tank. Stop the pump and agitator, and drain the tank via
the drain-flush liine.

Method

(1) Perform 0.I. No. 504Gl, CHEMICAL SHUTDOWN SYSTEM - BORIC
ACID PREPARATION, to determine that boric acid batching
procedures are correct.

(2) Pump the boric acid solution to the 125,000 gal safety
injection and shield tank cavity water tank (refer to M.I.
No. 506E3, REACTOR REFUELING, SHIELD TANK CAVITY - FILL
AND DRAINS.

(3) When the main coolant system is to be initially borated,
perform 0.I. No. 504G2, CHEMICAL SHUTDOWN SYSTEM - BORIC
ACID ADDITION,

NOTE: Rely on frequent sampling to establish the volume
of boric acid soluticn required to attain shutdown
boron concentration in the main coolant.

Corrogion Control System

Purpose - The purpose of this system is to obtain satisfactory
evidenre of the ability of the system to add the appropriate quantities of
chemi als to the main coolant system,
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Cleaning - Fill the hydrazine feed tank with demineralized water
from the condensate supply line. Starting with any one of the three charging
pump suction lines, take the cap off the strainer line and open the valve in
the strainer line. Open the valves in the 1/2 in, feed line to charging pump
suction and start the hydrazine feed pump. Collect about 8 gal of flush water
in a receiver from each charging pump suction strainer.

Method

(1) Time the discharge of flush water and note volume change in
feed tank and estimate the hydrazine injection rate at
maximum flow adjustment,

(2) With the low pressure surge tank properly blanketed by nitrogen
to 15 psi gage, open the remote operated isclation valve in
the nitrogen gas header. Vent the low pressure surge tank to
wvaste disposal, and determine maximum nitrogen flow to the
surge tank by rate of change of cylinder pressure with time.
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STARTUP PROCEDURE NO, 503D2

PREOPERATIONAL PROCEDURES, NUCLEAR PLANT
MAIN COOLANT SYSTEM PRE-CORE TESTS

1.

I1.

Objective To fill, flush, hydrostacic test, and check heat-up and cool-
down procedures for the main coclant system prior to instal-
ling the core.

Conditio

1., A minimum of 24,000 gal of primary grade demineralized water to fill
the main coolant system is available,

2. The contreol rod mechanisms have been installed and seal welded or
the conirol rod mechanism ports have been plugged. The eight re-
maining ports are also plugged.

NOTE: To assure access to a leaky seal weld, the control rod drive
mechanisms may be installed in three separate groups and
leak tested after each installation., The control rod mech-
anisms would be installed as follows:

a. Group I and II (center 4)
b. Group III, IV, and V (intermediate 12)
c¢. Group VI (outer 8)

3. All equipment in the main coolant system is in condition for filling
and venting and for the flushing operation and is in condition to
be hydrostatically tested.

NOTE: The four preoperational filters and the steam generator manway
covers, with gaskets, have been installed in each of the
steam generator outlet nozzles.

For visual inspection during the hydrostatic tests, welds and
connections in the main coolant system are not insulated.

4. The secondary side of each steam generator is empty.

5« A hydrostatic test pump is connected to the charging pump discharge
header and at least two hydrostatic pressure gages are installed.

6. All cleaning, exclusive of the recirculation flushing operation of
pipes, valves and fittings, and associated equipment, is complete
as well as certain installation and checkout tests.

7. Installation and checkout of the main coolant system instrumentation
(pressure, temperature and flow indicators) is complete.

The thermal shield has been installed in the reactor vessel.
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Precautions

l. While performing the operations covered in this document, the in-
struction manuals for the individual components in the main coolant
system shall be followed. If there is a conflict between the in-
‘struction manuals and the instructions contained in this document,
the instruction manual shall govern,

2. The pressure in the rotor-stator gap of the main coolant pumps must
never be below atmospheric pressure.

3. Do not operate the main coolant pumps continuously until the system
has been vented. Initially the pumps shall be jogged and the
system shall be vented until the effluent from the vent is free of
entrapped gas.

4e If a water solid isolated loop is above ambient temperature, pre-
cautions must be taken to prevent a vacuum from being formed by the
contraction of the water as it cools.

5. Venting of the main coolant system should be performed when the
coolant temperature is below 200 F,

6. The mair coolant system pressure must not exceed 500 psi gage unless
the reactor vessel metal tempe.uture is above 90 F.

7. Before being hydrostatically tested, the main coolant system should
be as free as possible of all gas pockets,

8. The main coolant system heating and cooling rate must not exceed
50 F per hr.

9. During plant heatup, the main coolant system must be held at 250 F
for a sufficient length of time (approximately 2 hr) in order to
obtain an isothermal condition in the reactor vessel.

Check-off List

Prior to the initiation of this S.P., the check-off list must

v completed by the operator(s) and signed off.
Instructions

1.

Fill the main coolant system with demineralized water per 0.I.

No. 504D1, MAIN COOLANT SYSTEM - FILLING AND VENTING OF COMPLETE
SYSTEM with the following exceptions:

a. The filling of the main cooclant system will be accomplished by
use of the safety injection pump(s), pump suction being de-
mineralized water taken from the safety injection shield cavity
storage tank.
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2.

NOTE: The safety injection system, using demineralized water,
should be tested in conjunction with the initial phase
of the filling operaticn. Refer to S.P. Nec. 503D1,
PREOPERATIONAL PROCEDURES, NUCLEAR PIANT - FILLING,
CLEANING AND FUNCTIORAL TESTING OF AUXILIARY SYSTEMS.

Step No. lla of 0.I. No. 504D1, MAIN COOIANT SYSTEM - FILLING
AND VENTING OF COMPLETE SYSTEM, the venting procedure is not
done in conjunction with startup of the complete main coolant
system but is done in conjunction with the flushing operation,

Step No. ll-Note. During the initial £illing operation stag-
nant water does not need to be removed from the szontrol rod
mechanisms but all mechanisms must be filled with water.

The main coolant system is maintained solid with demineralized
water during the initial venting operation.

During the initial simultanecus operation of all four main
coolant pumps, flow reudings shall be taken on each loop.
These flow readings shall be compared with the indicated
flow during the subseguent flushing operation. In the event
that a large reduction in the flow occurs (minimum pump flow
18 2,500 gpm) the preoperational filter in the affected loop
should be removed and cleaned.

e. If the pressure in the main coclant system approaches 500 psi
gage before the coolant temperature is 90 F, the pressure may
be reduced by venting, by opening the 25 gpm letdown valve in
the bleed line, or by operation of the manually controlled
flow valve in the drain header by-pass line to the low pressure
surge tank.

After the main cooiant system has been filled and vented, proceed
with the initial hydrostatic test.

Initial hydrostatic test precautions and data are as follows:
a. Main coolant temperature - 100 to 110 F. (Obtained by pump heat)

NOTE: The reactor vessel metal temperature must not be below
9C F if the pressure is above 500 psi gage.

At the start of the test the main coclant temperature
should be about 110 F.

©. Metal-water temperature equilibrium must be obtained in the
main coolant system. The temperature of the outer wall of the
reactor vessel and of the secondary side of the steam generator
tube plates shall be determined and must meet the minimm
values before the hydrostatic test is performed.
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¢. Pressurizer safety, loop relief valves, and relief valves on
charging line at the feed and bleed heat exchanger - gagged.

d. Pressurizer sclenoid relief valve is on manual control. Motor
operated gate valve in inlet line to the pressurizer solenoid
relief valve is open.

e, Hydrostatic test pressure - 3,435 psi gage (1 1/2 times the
piping design pressure of 2,285 psi gage).

NOTE: Hydrostatic test pressure should be established in
incremental steps as follows: (1) 500 psi gage
(2) 1,000 psi gage (3) 1,500 psi gage (4) 2,000 psi gage
(5) 2,500 psi gage (6) 3,000 psi gage (7) 3,435 psi gage

f. Test duration - two hours minimum.

g. With the main coolant system at 3,435 psi gage, observe the
pressure stability. If drop in system pressure is excessive,
the source of leakage should be determined and repairs should
be made as required.

3. After maintaining hydrostatic test pressure of 3,435 psi gage for
two hours, gradually reduce the system pressure to about 50 psi
gage.

PRECAUTIONS: To prevent the main coolant pump stator can from
collapsing, a positive pressure must be maintained
on the main coolant system at all times. To meet
this requirement, operation of the safety injection
pumps, intermittent operation of the charging pumps
(flow through the loop fill and chemical injection
lines), or preferably a temporary head tank may be
connected to the main coolant pump vent.

4. After the main coolant system has been hydrostatically tested and
depressurized, remove gags from pressurizer safety, loop relief
valves, relief valves on charging line at the feed and bleed heat
exchanger and proceed with the main coolant system initial heat-
up as follows:

a., Fill the secondary side of the steam generators to the startup
level and close the main steam line nonreturn valves.

b. Start the pressure control and relief system., Refer to 0.I.
No. 504E, PRESSURE CONTROL AND RELIEF SYSTEM.

¢, When the main coolant conditions are permissible, start the
main coolant pumps. Refer to 0.I. No. 504D4, MAIN COOLANT
SYSTEM - STARTUP OF COMPLETE SYSTEM.
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d. During the main coolant heat-up, maintain the normal pressurizer
water level by intermittent operation of the bleed letdown
valve(s).

e, Main coolant heat-up shall not exceed 50 F per hr, The system
must be held at 250 F for a sufficient length of time (approxi-
mately 2 hr) in order to obtain an isothermal condition in the
reactor vessel,

f. During plant heat-up, obtain information for determination of
heating rate.

5. When the main coolant temperature has reached 514 F, terminate the
initial plant heat-up by stopping the main coolant pumps.

NOTE: At this time the following tests should be performed:

a, Check set pressures for the pressurizer solenoid and
self-actuated relief valves and for the pressurizer
spray valve. Refer to S.,P. No. 503D1, PREOPERATIONAL
PROCEDURES, NUCLEAR PLANT - FILLING, CLEANING AND
FUNCTIONAL TESTING OF AUXILIARY SYSTEMS,

NOTE: In order to prevent undue wear, subsequent tests
performed on these valves should be kept to a
minimum,

b. Hot leak test - Refer to 0.I. No. 504D3, MAIN COOLANT
SYSTEM, HOT LEAK TEST.

¢c. Feed and bleed performance tests. Refer to S.P.
No. 503D1, PREOPERATIONAL PROCEDURES, NUCLEAR PLANT -
FILLING, CLEANING AND FUNCTIONAL TESTING OF AUXILIARY
SYSTEMS.

6. When required, the initial cooldown of the main coolant system shall
be performed as follows:

a, Start one main coolant pump and alternate pump operation
occasionally in order to keep main coolant temperature
reasonably uniform,

NOTE: For safe operation of the main coolant pumps, the
pressurizer steam conditions specified in 0.I.
No. 504E, PRESSURE CONTROL AND RELIEF SYSTEM, must
be maintained.

b. Start steam flow through the secondary plant steam by-pass
sysvem. The rate of steam flow must be regulated so that the
cooling rate of the main coolant system does not exceed 50 F
per hr.
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7. When main coolant conditions are permissible, start the shutdown
. cooling system. Refer to 0.I. No. 504M, SHUTDOWN COOLING SYSTEM.

8. When the main coolant has been reduced in temperature to approximately

140 F ané depressurized to about 50 psi gage, isolate and drain the
loops. Refer to O0,.I. No, 504D2, MAIN COOLANT SYSTEM - FILLIXNG,
VENTING AND DRAINING AN ISOLATED LOOP.

9. After the locps have been drained, remove the preoperational filters
from the steam generators, inspect the interior of the steam gener-
ator head for cleanliness, and replace manway covers. Refer to
M.I. No. 506Bl, PRIMARY PLANT - OPENING AND CLOSING ISOLATED MAIN
COOLANT LOOP.

NOTE: Strict cleanliness shall be observed during this operation.

10, For a complete visual inspection of the reactor vessel, remove re-
actor vessel head and remove water from reactor vessel with a
portable sump pump. Refer to M.I. No. 506E2, REACTOR REFUELING -
PREPARATION OF REACTOR SYSTEMS FOR REFUELING.

NOTE: The recirculation flushing shall be repeated, if required,
until the quality of the water drained from the system is
satisfactory and inspection indicates that all surface
contamination has been removed.

11, Fill and vent the complete main coolant system with borated
‘ (1,600 ppm) i-ater. Refer to 0.I. No. 504D1, MAIN COOLANT SYSTEM -
FILLING AND VENTING OF COMPLETE SYSTEM.

NOTE: Final venting shall be performed after the core is installed
and after the main coolant gate valves are opened,

VI. Conditi

The reactor vessel head is removed, the vessel is filled with
borated (1,600 ppm) water and is in condition for installation of the
core. The isolated loops are filled and vented with borated water of
the same concentration as the reactor vessel.
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STARTUP PROCEDURE NO. 503El

INITIAL CORE LOADING AND NUCLEAR CORE TESTS
INITIAL CORE LOADING

I, Objective To provide a safe and efficient method of initially
installing the reacvor vessel internals, the reactor
core, the neutron sources, and the reactor vessel head
preparatory to the initiation of the nuclear startup
program and tests.

I1. Conditions

1, The reactor vessel has been installed in its final position and
the thermal shield segments bolted and welded together within
it.

2. The following assemblies have been made up by welding or by the
use of belts and crimp type locking devices and are outside of
i the reactor vessel ready for use:

Reactor vessel head assembly consisting of the reactor
vessel head, control rod drive mechanisms, and thermal
sleeves.

Lower core support assembly consisting of the lower core

! . support barrel, head alignment pins, internals alignment
pins, core barrel, core baffle, lower core support plate,

core plate guide blocks, control rod shrouds, and shroud

tie plate.

Upper core support assembly consisting of the upper core
support barrel, lifting lugs, upper core support plate,
core plate guide blocks, and shock abscrber stops.

Guide tube support assembly consisting of the guide tube
support plate, lifting lugs, and guide buttons.

Guide tube hold-down assembly consisting of the guide tube
hold-down plate, lifting lugs, and core hold-down ring.

3. The primary plant component and systems test program has been
completed.

4. The following preoperational startup procedures have been
completed:

S.P. No. 503D1, PREOPERATIONAL PROCEDURES, NUCLEAR PLANT -
FILLING, CLEANING AND FUNCTIONAL TESTING
OF AUXILIARY SYSTEMS

8.P. No. 503D2, PREOPERATIONAL PROCEDURES, NUCLEAR PLANT -
MAIN COOLANT SYSTEM PRE-CORE LOADING TESTS
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The normal plant nuclear instrumentation has been checked out
for operation (except for the source check with the reactor

startup neutron sources).

Licensed personnel are present as well as personnel adequat.ly
trained in the following fuel handling operations:

M.I. No. 506El, REACTOR REFUELING - SITE HANDLING AND STORAGE
OF NEW FUEL AND CONTROL RODS

M.1. No. 506E2, REACTOR REFUELING - PREPARATION OF REACTOR
SYSTEMS FOR REFUELING

The main coolant system is completely isolated. Refer to
0.I. No. 504D7, MAIN COOLANT SYSTEM - SHUTDOWN OF COMPLETE

SYSTEM.

The demineralized wat- -~ storage tank is isclated.

The fuel handling equipment has been completely checked out with

dummy fuel assembly and contrel rod.

Pertinent auxiliary systems are in the following status:

System

Charging and Volume Control System

(Refer to 0.I. No. 504F)

Chemical Shutdown System
(Refer to 0.I, No. 504G)

Purification System
(Refer to 0.I. No. 504H)

Component Cooling System
(Refer to 0.I. No. 504I)

Primary Plant Corrosion Control
System
(Refer to 0.I. No. 504J)

Primary Plant Sampling System
(Refer to 0,I. No. 504K)

Shutdown Cooling System
(Refer to 0.I. No. 504M)

Status
Ready standby on manual controlj;
lined up for suction from the
12% boric acid mixing and
storage tank
Ready standby
System isclated

In operation as required

Ready standby

Ready standby

In operation
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System Status

Reactor Control System

Rod position indication system
(Refer toc 0.I. No. 504N)

disconnected; rod drive dis-
connected; Tayo control
secured; rod breakers BK-1 &
2 are open and locked out;
BK-3 are open

Nuclear Instrumentation System Normal operation
(Refer to 0.I. No. 5040)

Radiation Monitoring System Normal operation
(Refer to 0.I. No. 504P)

Vapor Container Atmosphere Normal operation at 15,000 cfm;
Control Systems personnel access hatch (both
(Refer to 0.1. No. 5043) doors) open; radioactive
filtration system secured

Safety Injection System

Isolated; charging pumps are
(Refer to E.I. No. 505B.0)

lines up on 12% boric acid
for this function; an amount
of borated water of the
chosen initial loading con-
centration sufficient to
complete filling and venting
of main coolant system should
be in the safety injection
shield tank cavity storage

tank
Precautions
1, The reactor vessel interior must be thoroughly clean after the

2.

3.

be

thermal shield segments are bolted and welded together within
it.

All of the internals must be thoroughly clean and all of the
locking devices must be crimped before insertior into the
reactor vessel.

All of the fuel assemblies, control rods, shim rods, neutron
sources, nuclear detectors, and handling tools must be thoroughly
clean before insertion into the reactor vessel.

Foreign material must be prevented from falling into the reactor
vessel during the loading operation.

The internals must be installed in strict accordance with the
orientation marking on each part.
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Once the addition of fuel to the core has begun, no operation
can be performed which will reduce the boron concentration in
the main coclant system,

No addition of fuel to the core can be made until the experimen-
tal results of the previous loacding steps have been analyzed.

If during any loading step the count rate on any BF, channel
goes up by a factor of as much as 2, the loading operation must
be immediately stopped and the operation suspended until a
satisfactory evaluation of the situation has been made.

If at any time the experimentally extrapolated value for the
critical size of the reactor core is less than twice the number
of fuel assemblies then in the core, the loading operation must
be suspended until a satisfactory evaluation of the situation
has been made.

No more than cne nuclear detector should be relocated at any one
time. In addition, at least three sets of data involving fuel
additions must be taken with a given detector arrangement Lefore
that arrangement is changed.

NOTE: This does not apply to Step No. 17 of Section V-D.

If one of the special BF, channels in the reactor vessel mal-
functions, the loading operation must be suspended until the
difficulty has been corrected. In addition, if more than one
of these detector channeis malfunctions, after the difficulties
have been corrected, the three most previous fuel addition
steps will be reversed and then repeated.

Should the loading operation be interrupted for a period of more
than two hours, a new set of data must be taken before a new
loading adjustment is made. If the new data deviates by more
than 20% from the corresponding previous data, the last loading
step involving the addition of fuel must be repeated and the
extrapolation to criticality checked.

All of the fuel assemblies and internals must be properly seated
before the reactor vessel head is installed.

IV. Check-off List

Prior to initiation of this S.P., the check-off list must

be completed by the operator(s) and signed off.
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| Instructions

A.

Procedural Method - The reactor vessel and pertinent portions of

the primary coolant system will contain proper borated water

from previous operations. The lower core support assembly will
first be installed in the reactor vessel. Then the core compo-
nents will be installed in a safe .nd systematic manner. One
startup neutron source will be insta’'led; and beginning in an
area adjacent to that source, the control rods, shim rods, and
fuel assemblies will be individually mounted on the lower core
support plate. The loading will be accompanied by and regulated
by inverse multiplication plots based on data obtained from
special BFq detectors located inside the reactor vessel, The
core will maintained substantially suberitical throughout

the loading operation. The last steps in the loading process
will involve the installation of the remainder of the startup
neutron sources and the checking of the corresponding response

of the normal plant nuclear instrumentation. Upon the completion
of the loading operation the remaining internals will be installed
and the reactor vessel head will be bolted to the reactor vessel,

- The following data are required during the core
loading operation and must be recorded as indicated:

1, Nuclear Instrumentation

a, Count rate meter readings and scaler data from the
special BF; channels as indicated below in Section V-D.

b, When indicated below in Section V-D, normal plant BFj3
detector count rates and intermediate range ion
chamber readings.

2, Immediately after it has been installed, the number and
positicn of each core component in the core.

3. At least once every 8 hr during loading operations, the
followings

a, Temperature of the main coolant in the reactor vessel
and in the remainder of the system.

b. Boron concentration of the main coolant in the reactor
vessel and in the remainder of the system.

4. Log of events.
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Special Instrumentation Requirements - Not included as original
equipment,

1, Three HF,; detectors for installation within the reactor vessel,
together with associated equipment including three pre-
amplifiers, three amplifiers, three scalers, one count rate
meter, and a system to provide an audible count rate indication
at the charging flcor in the vapor container.

2. At least two high sensitivity, (10~12 amp full scale or batter)
amplifiers for the intermediate range ion chambers.

Procedures

1. Check to be sure that the reactor vessel and the mair coolant
system is filled with borated (1,600 ppm), primary grade
water to a level of approximately 2 ft below the top of the
reactor vessel flange. Refer to M.I. No. 506E2, REACTOR
REFUELING - PREPARATION OF REACTOR SYSTEMS FOR REFUELING.

2, Place the lower core support assembly into the react.r vessel
by the use of a crane sling and removable lifting eyes.

3. Line up the charging pumps to take suction from the 12% boric
acid storage tank, and place the pumps on "jury-rig" auto
start. "Jury-rig" auto start can be provided by having a
scram button at the operations area on the charging floor
with temporary circuitry tied into the pressurizer low level
charging pump start at the DP cell in the vapor container,
or by direct circuitry to the charging pump breakers.

4. Establish and maintain circulation with the shutdown cooling
pumps. Refer to the appropriate instructions in 0.I.
No. 504D7, MAIN COOLANT SYSTEM - SHUTDOWN OF COMPLETE SYSTEM.

5. Obtain and record boron concentration in the main coolant.
Refer to (.I. No. 504K, PRIMARY PLANT SAMPLING SYSTEM.
Repeat this operation at least once every 8 hr.

6. Install the special B’; detectors within the reactor vessel
at mid-fuel-assembly elevation as shown on page 503El:7,
that is,

a. Channel B-1, (a fixed detector) in fuel assembly
position H-2.

b. Channel B-2, (a movable detector) in fuel assembly
position C-2,

¢. Channel B-3, (a movable detector) in fuel assembly
position D=1,
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7. Check out the special HF, channels with the detectors in
place. After successful check out, record the nuclear
instrumentation data indicated above in Section V-B; these
data represent the background level,

8. Install one plant startup neutron source in position EF-1
by slipping the stainless steel vane to which it is attaclied
into the appropriate slot in the core baffle,

9. Record nuclear instrumentation data indicated in Section V-B.
These will be Baseline data. The special BF3 channel count
rates should show an increase of 10 counts per second over
the corresponding data obtained in Step No. 7; if such is
not the case, determine why not and, if necessary, make re-
quired adjustments before proceeding.

10, Establish at the charging floor in the vapor container a
clearly audible signal whiclh indicates the count rate of
one of the special BF3 channels.

11, Observing the appropriate instructions in the series M.I.
No. 506E, REACTOR REFUELING, proceed to load the core in
the sequence given in the attached Table I, Initial Core
Loading Sejuence for Yankee Reactor. Carefully observe
the precautions listed in Section III, above. The loading
conditions have been so chosen that there is no reascnable
expectation but that the reactor will remain substantially
subceritical throughout the loading. However, each time
that a fuel assembly is added to the core the operaticn
should be performed with the same care and attention as
if the reactor were expected to go critical with the
addition of that assembly.

12, After each loading increment and while preparations are heing
made for the next addition to the core, obtain and record
the count rates from each of the special El3 channels.

13, Beginning after the addition of the first fuel assembly divide
the observed count rate j.to the corresponding Baseline count
rate (Step No. 9 above) and into the corresponding count rate
from the most previous addition. Plot as ordinates both of
these ratios as a function of the number of fuel assemblies
installed in the core. Join the two most recent points of
each set of data with a straight line which is extrapoclated
to intersect, if possible, the abscissa. This intersection
will give the extrapolated value for the number of fuel
assemblies required to make the core critical,

14. Repeat Steps Nos. 11, 12, and 13 above until the core is
completely loaded except for fuel assemblies H-2, A-7, and
J-8.
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Record all the nuclear instrumentation data listed in
Section V=B,

Install a plant startup neutron source in .ach of the positions
A-56, K-56, and EF-10, Record all of the nuclear instrumenta-
tion data indicated above in Section V-B after each source is
installed.

Complete the core loading (Steps Nos., 117 through 122 of Table I).
After each detector is moved or a fuel assembly is added record
data listed above in Section V-B. After each fuel assembly is
added make an inverse multiplication plot (see Step No. 13 of
Section V-D),

Remove the special EF3 detectors from the reactor vessel., A
suitable reading must be obtained on the normal plant nuclear
instrumentation before this step.

Install the remaining internals and the reactor vessel head.
Refer tv M.I. No., 506E2, REACTOR REFUELING - PREPARATION OF
REACTOR SYSTEMS FOR REFUELING.

Fill and vent the main coolant system, maintaining the boron
concentration at (1,600 ppm). Refer to 0.I. No. 504D1, MAIN
COOLANT SYSTEM - FILLING AND VENTING OF COMPLETE SYSTEM.

NOTE: Constant observation of the nuclear instrumentation
is required during this operation. If the output
of the nuclear instrumentation increases by a factor
of 2, immediately stop the filling operation and
initiate injection of the 12% boron solution. Refer
to Step No. 3 of Section V-D and/or E.I, No. 505Bl.,
PRIMARY PLANT - TOTAL LOSS OF MAIN COOLANT.

Proceed with the filling and venting operation only
after a satisfactory evaluation of the situation
has been made.

Perform a cold leak test of the primary plant, Refer to M.I.
No. 506B3, PRIMARY PLANT - COLD LEAK TEST.

ion

The reactor vessel internals, the reactor core, the neutron

sources, and the reactor vessel head have been assembled and the reactor
is ready for the nuclear startup program and tests.
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TABLE I

INITIAL CORE LOADING SEQUENCE
FOR YANKEE REACTCR

Number of Fuel
ldentification Type of Assembly Elements Loaded

Source EF-1 Source in SS Vane
Shim DE-12 Shim Rod
Rod FG-12 Control Rod
Assenmbly E-1 B

Assembly F-1 A

Assembly G-1 B

Rod CD=-23 Control Rod
Rod EF-23 Control Rod
Shim GH-23 Shim Rod
Assembly D-2 B

Assembly E-2 A

Assenbly F-2 B

Assembly G-2 A

Shim BC-34 Shim Rod
Rod DE-34 Control Rod
Rod FG-34 Control Rod
Rod HJ-34 Control Rod
Assembly C-3

Assembly D-3

Assembly E-3

Assembly F-3

Assembly G-3

Assembly H-3

Rod AB-45 Control Rod
Rod CD- 45 Control Rod
Rod EF-45 Control Rod
Rod GH=-45 Control Rod
Shim JK-45 Shim Rod
Assembly B-4 B

Assembly C-4 A

EORESvmvwounsrwn
Pl qonrl tlwnel |

Move detector B-2 from C-2 to position B-3

Assembly C-2
Assembly D-4
Assenmbly E-4
Assembly F-4
Assembly G-4
Assembly H-4
Assembly J-4
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loading Number of Fuel
. uence Identif'ication Type of Assembly Elements lLoaded
39 Move detector B-3 from D-1 to position J-3
40 Assembly D-1 A 23
41 Rod BC=56 Control Rod -
42 Rod DE-56 Control Rod -—
43 Rod FG-56 Control Rod -
A Rod HJ=-56 Control Rod -
45 Assembly A-5 B 24
L6 Assembly B-5 A 25

47 Move detector B-2 from B-3 to position A-4

48 Assembly B-3 A 26
49 Assembly C-5 B 27
50 Assembly D-5 A 28
51 Assembly E-5 B 29
52 Assembly F-5 A 30
% Assembly G-5 B 31
54 Assembly H-5 B 32
55 Assembly J-5 B 33
56 Assembly K-5 - 34
57 Move detector B-3 from J-3 to position K-4

’ 52 Assembly J-3 B 35
59 Shim AB-67 Shim Rod -
60 Rod CD-67 Control Rod --
61 Rod EF-67 Control Rod -
62 Rod GH-67 Control Rod --
63 Rod JK-67 Control Rod -—
64 Assembly A-6 A 36
65 Assembly B-6 B 37
66 Assembly C-6 A 3c
67 Assembly D-6 B 39
68 Assembly E-6 A 40
69 Assembly F-6 B 41
70 Assembly G-6 A 42
n Assembly H-6 B 43
72 Assembly J-6 A IVA
VE) Assembly K-6 B 45
74 Rod BC~78 Control Rod -
75 Rod DE-78 Control Rod -
76 Rod FG-78 Control Rod -
77 Shim HJ-78 Shim Rod -—
78 Assembly B-7 A 4L6



Loading
Sequence

79

80
8l
82
83
84
85
86
87
88
89
90

91

92
93
4
95
96
97
98
99

100

101
102
103

105
106
107
108
110
112

115
116

Move detector

Move detector

Move detector

Identification

B-2 from A-4

Assembly A-4
Assembly C-7
Assembly D=7
Assembly E-7
Assembly F-7
Assembly G-7
Assembly H-7
Assembly J-7
Shim CD-89

Rod EF-89

Rod GH-89

B-3 from K-4

Assembly K-4
Assembly B-8
Assenbly C-8
Assembly D-8
Assembly E-8
Assembly F-8
Assenbly G-8
Assembly H-8

B-3 from K-7

Assembly K-7
Rod DE-910
Shim FG-910
Assembly C-9
Assembly D-9
Assembly E-9
Assembly F-9
Assembly G-9
Assembly H-9
Assembly D-10
Assembly E-10
Assembly F-10
Assembly G-10
Source A-56
Source K-56
Source EF-10

Type of Assembly

to position A-7

Pt >ttt

Shim Rod
Control Rod
Control Rod

to position K-7

o>t tobk tow

to position J-8

A
Control Rod
Shim Rod

ok wew>w

Source in SS Vane
Source in SS Vane
Source in SS Vane

503E1:12
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Number of Fuel
Elements Loaded
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Loading Number of Fuel

Sequence Ideatification Type of Assembly Elements loaded

117 Remove detector B-3 from position J-8 and place it horizontally across
the top of Assemblies H-8 and H-9

118 Assembly J-8 A 74

119 Remove detector B-2 from position A-7 and place it horizontally across
the top of Assemblies B-7 and B-8

120 Assembly A-7 B 75

121 Remove detector B-1l from position H-2 and place it horizontally across
the top of Assemblies H-3 and J-3

122 Assembly H-2 B 76
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STARTUP PROCEDURE NO. 503E2

INITIAL CORE LOADING AND NUCLEAR CORE TESTS

CONTROL ROD DRIVE AND PLANT SCRAM TESTS

I.

II.

III.

2.

Objective To establish the full operability of the control rod

drive mechanisms, the integrity of the rod control
and rod position indication circuits, and measure
control rod scram and turbine throttle valves trip

times,
Conditlions
1. The main coolant system is in one of the following three conditions:

a. Static and cold with a boron concentration of 1,600 ppm.

b. At operating pressure and temperature with twc adjacent main
coolant pumps running and a boron concentration of %0 ppm.

¢. At operating pressure and temperature with four main coolant
pumps running and a boron concentration of 90 ppm.

S.P. No. 503E1, INITIAL CORE LOADING AND NUCLEAR CORE TESTS -
INITIAL CORE LOADING, has been completed.

3. The following checks have been made:
a. Scram breakers closed
b. Rod disconnect switches closed.
¢. Circuits feeding mein control board are energized.
d. All control rod operating switches are in nonactive positions.
k. Pertinent auxiliary systems are in the following status:
Systenm Status
Nuclear Instrumentation System Normal operation
(Refer to 0.I. No. 5040)
Safety Injection System Ready standby
(Refer to E.I. No. 505B10)
Precautions
l. No rod group is to be withdrawn more thaa 9 in. unless the
remaining groups are fully inserted.
2. Observe nuclear instrumentation during rod withdrawals. During

control rod withdrawal, do not exceed a source count rate of
two times the count rate observed with all control rods fully
inserted.
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1V. Tests and Data (not necesserily in this order) - Record data as required.

o Y

Circuit Checks

a., Manual - Rods Out

b. Manual - Rods In

¢. Manual -~ All Rods In
d. Automatic - Rods Qut
e, Automatic -« Rods In
f. Manual Scrams

g. Automatic Scrams

Mechanism Checks and Scram Time Measurements

a. Individual Rod Position Indication

b. Rod Group Position Indi~ation

¢. Rod Group Withdrawal E. :

d. Current Traces for the Operating Coils of Each Mechanism
e. Control Rod Scram Time for Each Mechanism

f. Turbine Throttle Valve Trip Time

8. Circuit Scram Time for Automatic Trip Circuits

1. High Flux Level

2. Low Main Coolant Pressure

3. High Start-up Rate

k., Low Main Coolant Flow

5. Generator Differential Relay

6. Generator Ground Relay

7. Unit Differential Relay

8. Gene.ator Overcurrent Relay

9. Generator Loss of Field Relay
10. No. 1 SBtation Service Transformer Overcurrent Relay
11, Nc. 1 Station Service Transfomer Differential Relay
12. No. 4 Station Service Transfommer Cvercurrent Relay

V. Test Procedures
NOTE: All testsocutlined below can be performed provided the

1.

conditions of Bection II are observed.
Marual Group Motion
a. Select group 6 rods

b. Initiate manual "rods out” motion until rod group indicator
reaas 9 in, Note corresponding indications of the rod
position indicators. Record the time required for the
rod group to travel 9 in.

¢e Initiate manual "rods in" motion until rod group indicator
reads 3 in. Note corresponding indications of the rod
position indicators.
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d. Repeat teps &, b and o under Section IV.l above for the
remaining five rod 8roups In the follo ing segquerce .
Groups 5, &, 3, 21,

€. Initiate manual "al1 rods in" motion until all rod group

indicators reac O in.

2. Automatic Group Motion
a. Belect Group 5 rods,

. Initiate sutomatic "rods out” moticn until rod group
indicator reads 6 ip,

¢. Initiate autcmatic ‘rods in" motion until rod group
indicator reads o in.

3. Scram and Mechanism Tests

8. Manually withdraw four rods of Group 6 to a height of
2 in. Obtain current traces for the Cperating coils
of each mechanism during withdrawal. Compare rod group
Position indication and individual rod Position indication.

0. Manually scram the rods. Measure the total scram time for
€ach individual rod and the total turbine throttle valve
Scram time for each valve. Also measure the time from
initiation of the Scram signal to the time the rod scram
. breakers trip ang the time from initiation of scram to
the time the turbine throttle valves trip.

C. Repeat steps a and ’:Labove, using the following rod groups:
1. The remaining four rods in Group 6.
2. Group 5 rods,
3. Group & rods.
4. Grouwp 3 rods,
5. Group 2 rods.
6. Group 1 rods,

d. Manually withdraw all rous of Group 5 to a height of
Approximately § in,

€. Scram the rods using one of the remaining untested manual
scram but + Measure the time from initiation of scram
tothetinebothrodscmbmakentriplndtctheuae
both turbine throttle valves trip. Observe that the con.
trol rods drop.



503E2: 4
2/24/60

f. Repeat Steps d and e using the reraining untested manual
scram buttons.

g. Hhepeat Steps d and e, using each of the following automatic
scram signals as the means of initiating scram:

High Flux Level

Low Main Coclant Pressure

Figh Start-up Rate

Low Main Coclant Flow

Generator Differential Relay

Generator Ground Relay

Unit Differential Relay

Generator Qvercurrent Relay

Generator Loss of Field Relay

No. 1 Station Service Transformer Overcurrent Relay
No. 1 Station Service Transformer Jifferential Relay
No. 4 Station Service Transformer Overcurrent Relay

ethod for £ Tot, Rod Sc¢

1. When ful rod withdrawal is completed, apply the desirea scram
signal.

2, 1If necessary, the scram signal should simultanecusly initiate
the appropriate timing instrumentation which has been provided.

3, For determining when a rod is fully inserted, utilize the
voltage across the lowest light of the rod positioner indicator.
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STARTUP FROCEDURE NO. 503E3

ZORE LOADING AND NUCLEAR CURE TESTS
INITIAL CRITICALITY INSTRUCTION

) 8 Objective To establish initial criticality and mirnimum operational

level.

II. Conditions

The following startup procedures have been completed:
s X

a. S.P. No. 5C3El, INITIAL CORE LOAD.NG AND NUCLEAR CORE TESTS -
INITIAL CORE LOADING (including source check of instrumentation).

b. S.P. Ko. 503E2, INITIAL CORE LOADING AND KUCLEAR CCRE TESTS -
CONTROL ROD DRIVE AND PLANT SCRAM TESTS (at ambient temperature).

Analytical prediction cf control rod configuration for criticality
has been completed and is available. .

Special nuclear instrumentation, Section V-, below, installed and
checked out,

The main coolant system is filled with primary plant grade water
containing 1,900 ppm boron. Venting of the system has been accom-
plished. Refer to O.I. No. 504D1, MAIN COCILNT SYSTEM - FILLING
AND VENTING OF COMPLETE SYSTEM.

The boron concentration in the main coolant system has been checked
using 0.I. No. 5C4K1, PRIMARY PLANT SAMPLING SYSTEM - MAIN COCLANT
SISTEM,

Main coolant pressure and temperature are essentially at ambient.

The primary water storage tank is filled and isolated by temporarily
locked valves and administrative control.

The main coolant system is ready for startup. Refer to C.I.
No. 504D4, MAIN*COCLANT SYSTEM - STARTUP OF COMFLETE SYSTEM.

Pertinent auxiliary systems are in the following status:

Systen Status
Pressure Control and Relief System Ready for startup; filled
(Refer to 0.I. No. 504B) with water to startup level
Charging and Volume Control System Ready for startup; system

(Refer to 0.I. No. 504F) ¢n manual control
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System

Chemical Shutdown System
(Refer to 0.I. No. 504G)

Purification System
(Refer to 0.I. No. 504H)

Compcnent Cooling System
(Refer to 0.I. No. 504I)

Primary Plant Corrosion Control
System
(Refer to 0.I. No. 504J)

Primary Plant Sampling System
(Refer to 0.I. No. 504K)

Shutdown Cooling System
(Refer to 0.I. No. 504M)

Reactor Control System
(Refer to 0.I. No. 504N)

Nuclear Instrumentatiocn System
(Refer to 0.I. No. 5040)

Radiation Monitoring System
(Refer to 0.I, No. 504P)

Vapor Conta’ner Atmosphere Control

Systems
(Refer to 0.I. No. 5043)

Safety Injection System
(Refer to B.I., No, 505B10)

gzgctgtiogg
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Status

Normal standby; boric acid
mixing and storage tork

hot and filled
System isclated

In operation as required

Ready standby

Ready standby

Ready standby

Ready standby on manual
conirol

Normal operation

Normal operaticm

Normal operation

Ready standby

Criticality should be anticipated av any time when control rods

are being withdrawn.

Neutron sensitive detectors must be properly indicating at all

times.

Any step resulting in a count rate increase by a factor of two or
mere must be followed by an inverse multiplication plot %¢ redefine
the control rod configuration for criticality., This will be done
independently of the requiremente stated in Section V-D, below,
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4o After withdrawing contrcl. rod Group 6 te (40)* in,, for use as
the safety g.oup, follow the sequence of Group 5 through Group 1,
and restrict the witr.irawal so that at no time is any one group
more than 3 in. from the banked level of the remaining groups.

5. Startup rates greater than 1 decade per minute should be avoided.

Check-off List

Prior to the initiation of the S.P.; the check-off list must
be completed by the operator(s) and signed off.

Instructions

A. Experimental Method - Initial criticality will be established
using a prescribed withdrawal of control rods accompanied by and
regulated vy an inverse multiplication plot. After initial
criticality is attained, a minimum operational level will be
established and the linearity of the nuclear instrumentation
checked.

B. Data Reguired - The following data are required and must be recorde’
as indicated in Section V-D, Experimental Procedure:

1. Nuclear Instrumentation

a, Count rate meter readings and scaler data from the EI3
channels

and/or

b. Outputs of the three intermediate range iom chamber
channels,

¢, Stable startup rates.
2. Control rod positions.
3. Readings of temperature detectors in primary loops being used.
4Le System pressure readings.
5. Boron concentratiegﬁ
6. Time at which data are taken,

7. Lz of events.

*To be confirmed.
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C. Special Instrumentation Requirements - Not included as original

equinrment,

D.

l. Scalers for BFB channels,

2. At least two extra-sensitivs (better than 10712 amp full scale)

amplifiers for the compensated ion chamber channels. Strip
recorders connected to the amplifier outputs.

Experimental Procedure

1.

2.
3.

be

5e

6.

7.

8.

9.

Notify all personnel that reactor startup is imminent and

restrict all nonessential personnel to prescribed areas.

Record nuclear instrumentation data listed in Section V-B,

Check to see that the reactor shutdown amplifier has been

reset,

Check that all control rods are at zero (fully inserted) posi-

tion; then withdraw Group 6 control rods and put them in
condition for ready insertion for safety protection. Refer to
0.I. No. 504N, REACTCR CONTROL SYSTEM,

NOTE: Do not exceed a factor of 2 increase in count rate

thile withdrawing the safety rod group.

Start both of the shutdown cooling pumps, refer to 0.I.

No. 504M, SHUTDOWN COOLING SYSTEM. Adjust the shutdown cooling
system to maintain the rain coolant at ambient temperature + 5 F.,

Record data listed in Section V-B, These data will be used as

base points for inverse multiplication plots.

Withdraw control rods 3 in. in the following sequence: Group 5,

Group 4, Group 3, Group 2, Group l. If during the withdrawal
of Groups 5 through 1, the position of the safety rod Group 6
is attained, continue rod group withdrawal on a sequence of
Group 6 through Group 1.

Record data listed in Section V-B, Plot ratio of data from

Step Nn. 6 to data from this step versus banked control rod
position for each BF; detector channel and extrapolate linearly
to intersect the abscissa, The control rod position indicated
by the intersection predicts the just critical rod bank con-
figuration.

Repeat Steps Nos. 7 and 8 until the control rod positions are

12 in. below the extrapolated value for criticality.
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10, Repeat Steps Nos. 7 and 8 using 2 in., increments of rod
motion until criticality is achieved.

11, Using an incremental movement of the control rod bank, est-
ablish a startup rate of approximately 0.2 decades per
minute, Record data listed in Section V-B.

12, Repeat Step No. 11 for startu; rates of 0.4, 0.6, and
0.8 decades per minute. Limi. the reactor flux level so
that it does not exceed 6 decades above source level, Step
No. 6 above. When a level of & decades above source level
is reached, reduce the level by inserting control rods be-
fore continuing startup rate measurements.,

13, During the measurements in Steps Nos. 1l and 12, record the
nuclear channel instrument readings at decade intervals.

14i. Leave the reactor, the auxiliary equipment, and the plant
in the condition specified by person in charge of the
experimental program.

E. Data Analysis

1., Using appropriate analytical curves, convert the startup
rates observed in Steps Nos. 11 and 12 of Section V-D
intg reactivities.

2, Divide the reactivity increments by the appropriate banked
control rod position increments to obtain the incremental
banked control rod worth.

3., Extrapolate the banked control rod positions from Steps
Nos. 11 ard 12 of Section V-D back to the just critical
position by obtaining the corresponding reactivity from
Step No. 1 of Section V-E, dividing it by the incremen‘al
rod worth 1rom Step No. 2 of Section V-L ani then, sub-
tracting the resultant aistance from the appropriate tanked
control rod position,
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STARTUP PROCEDURE NO. 503E4

- ~ by S
CONTROL ROD AND BORON WORTH DETERMINATIONS -
AT LOW TEMPERATURE

: 23 Qtjective To determine, at low temperature, the worth of banked
cont~cl rods and the worth of boron in the reactor
ccolant.

b 1 * S

1. Satisfactory completion of S.P. No. S03E3, INITIAL CORE LOADING
AND NUCLEAR CORE TESTS - INITIAL CRITICALITY INSTRUCTION.

2. Special nuclear instrumentation, Section V-C below, installed
and checked out.

3. The main coolant system is filled with primary plant grade water
containing 1,600 ppm boron. Venting of the system has been
accomplished. Refer to 0.I. No. 504D1, MAIN COOLANT SYSTEM -
FILLING AND VENTING OF COMPLETE SYSTEM.

The veron concentration in the main coolant system has been
checked using 0.I. No. 504K1, PRIMARY PLANT SAMPLING SYSTEM-
MAIN COOLANT SYSTEM.

4. Main coolant pressure and temperature are essentially at ambient.

5. The primary water storage tank is filled (approximately 135,000
gal).

6. The main coolant system is ready for startup. Refer to 0.I.
No. 504i 4, MAIN COOLANT SYSTEM - STARTUP OF COMPLETE SYSTEM.

T. Pertinent auxiliary systems are in the following status:

System Status
Pressure Control and Ready for startup; filled with
Relief System wzter to startup level
(Refer to 0.I. No. S0LE)
Charging and Volume Ready for startup; system on
Control System manual control

(Re®2> to 0.I. Nu. SOLF)

Chemical thutdown System Normal standby; boric acid

(Refer to 0.I. No. 504G2) mixing and storage tank hot
and filled

Purification System System isolated

(Refer to 0.I. No. SO0LH)
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Prior to the initiation of this S5.P.,, the check-off list must

be completed by the operator(s) and signed off.

Agstructions

A.

B.

T thod - Control rod worths will be measured by re-
moving boron and inserting contirol rods. Incremental control
rod worths will be determined from startup rate changes caused
by incremental control rod mctions. Incremental boron worths
will be determined by changes in startup rate corresponding to
changes in boron concentration.

Data Reguired - The following data are required and must be
recorded as indicated in Section D, Experimental Procedure,
below:

1. DNuclear Instrumentation
a. Count rate useter readings and scaler data from the

BF-3 channels
and/or

b. Outputs of che three intermediate range icn chamber
channels.

c. Stable startup rates.

Control rod positions.

n

Readings of temperature detector: in primary lcops being used.

L
.

L, System pressure readings.

5. Bor~n concentration.

6. Time at which data are taken.

T. Log of events.

Svecial Instrumepta - Not included as original
equipment.

1. Secalers for BF3 channels,

2. At least t extra-sensitive (better than 10-12 amp full
scale) amplifiers for the compensated ion chamber channels.
Strip recorders connected to the amplifier outputs.

. Recording resistance bridge for at least one main coolant
system temperature detector.

(W)
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D. Experipental Procelure

1.

2.

3.

Notify all personnel that reactor startup is imminent and
restrict ali nonessential personnel to prescribed areas.

Record nuclear irstrumentation data «s listed in Section V-E,
above.

Check to see “hat the reactor sautdown amrlifier has been
reset.

Check that all control rods s.e at zero (fully inserted)
pusition; then withdraw Gro.p 6 control rods and put them
in condition for ready insertion for safety protection.
Refer to 0.I. No. 504N - REACTOR CONTROL SYSTEM.

RNOTE: Do not exceed a factor of 2 increase in count
rate in withdrawing the safety rod group.

Start two of the main coolant system pumps Nos. 2 and &

(refer to 0.I. No. 504D&, MAIN COOLANT SYSTEM - STARTUP

OF COMPLETE SYSTEM). Open .he other *wo loops stop

valves, but do not start their pumps. Adjust systems
pressure to (250 ¢ 50) psi gage. Use both neat exchangers

of the shutdown cooling system, 0.I. No. 504M, SHUTDOWN
COOLING SYSTEM, to balance out pump heating and establish

the lowest possible eguilibrium temperature (about 110 ¢t 5 F).

Record data listed in Section V-B.

Perform reactor startup according to S.P. No. S503E6, INITIAL
CORE LOADING AND NUCLEAR CORE TESTS - REACTOR SIARTUP.
Level reactor power after attaining criticality. Record
data listed ip Section V-B.

Reduce the boron concentration (see 0.I. No. 504G3, CHEMICAL
CHUTDOWN SYSTEM - BORIC ACID REMOVAL) until the startup
rate approaches 0.8 decade per min.

Observe the startup rate, using stop-wate" measurements of
the level increase of th~ linear ion chaiber channels,
until it reaches steady value. Limit lerel increase o

6 decades above source level. If steady startup rate has
nct been achieved when the limiting level is reached,
insert control rods, drop leve) 3 decades, and then, return
the control rods to their previous position. Record data
listed in Section V-B.

insert control rods, maintaining them all at the same posi-
tions, until the startup rate drops to 0.7 decade per min.
Record data listed in Section V-B.
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1l. Repeat Step No. 10 lowering the startup rate to C.4 and
0.1 decade per min.

12. Reneat Steps Nos. 8 through 11 until the available shut-
c¢own reactivity approaches the minimum value, 5% 8k/k, as
indicated by analytical calculations supported by the data
obtained in this experiment.

13, Leave the reactor, the auxiliary equipment and the plant in
the condition specifier by the person in charge of the
experimental program,

Data Analysis

1, Convert startup rate measurements in Steps Nos. 8 through 12
under Section V-D into reactivities.

2. Using banked rod position changes and corresponding re-
activity changes from Step No. 1 under Section V-E, plot
incremental rod worth as a function of banked rod positicn.

3. Using boron concentration changes and corresponding reactivity
changes from Step No. 1 under Section V-E, determine the
boron worth,

4. From the observed boron conceni-ations, calculate the banked
control rod worths and plot as a function of banked control
rod position. Compure the results with Step No. 2 under
Section V-E,
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STARTUF PROCEDURE NO. 503E5

INITIAL CORE LOADING AND NUCLEAR CORE TESTS
TEMPERATURE, PRESSURE AND FLUJ COEFFICIENT DETERMINATIONS -
WITH INCREASING TEMPERATURE

I. Objective To measure the temperature and pressure coefficients of
reactivity under conditions of increasing moderator

temperature, and to determine at near ambient temperature
the reactivity elfects of significant flow changes.

II. Conditions

1. The S.P. No., 503E4, INITIAL CORE LOADTNG AND NUCLEAR CORE TESTS -
CONTROL ROD AND BORON WORTH DETERMINATIONS - AT LOW TEMPERATURE
has been completed satisfactorily.
2. The main coolant system conditions are being maintained as followst:
a, Temperature - about 110 + 5 F
b. Pressure - 250 + 50 psi gage
¢. Boron concentration - same as at the conclusion of S.P. No. 503E4,
INITIAL CORE LOADING AND NUCLEAR CORE TESTS - CONTROL ROD AND
BORCN WORTH DETERMINATIONS - AT LOW TEMPERATURE.

3. The special instrumentation, Section V-C below, has been installed
and checked out.

4. The pertinent auxiliary systems are in the following status:

System Status
Main Coolant System All four l~oups oven, but
(Refer to 0.I. No. 504D) only pumps Nos. 2 and 4

in coperation

Pressure Control and Relief System Norme. operation
(Refer to 0.1. No., 504E)
Charging and Volume Control System Ready for startup; system
(Refer to 0.I. No. 504F) on manual control
Chewical Shutdown System Normal standby; boric acid
(Refer to 0.1, No. 504G) mixing and storage tank

hot and filled

Purification Srstem System isolated
(Refer to 0.I. “~, 504H)
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System

Component Cooling System
(Refer to C.I. No. 50.I)

Primary F.ant Corrosion Control
Syster
(Refer to 0.I. No. 504J)

Primary Plant Sampling System
(Refer to 0.I. No. 504K)

Radiocactive Waste Disposal System
(Refer to 0.I. No. 504L) |

Shutdown Cooling System
(Refer to 0.I. No. 504M)

Reactor Control System
(Refer to 0.I. No. 504N)

Nuclear Instrume: tation System
(Refer to 0.1. No. 5040)

Radiation Monitoring System
(Refer to 0.I. No. 504P)

Vapor Cont.:iner Atmosphere Control
Systems
(Refer to 0.I. No. 504Q)

Safety Injection System
(Refer to E.I. No. 505Bl0) s

Precautions
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Status

Adequate coclant to
equipment as required

Ready standby

Ready standby

Capacity avai...ole to
receive borated bleed
In operation as required
Ready standuy on manual
control

Normal operation

Normal operation

Normal operation

Ready standby

uriticality should be anticipated at any time when control rods

are being withdrawn.

Any piant changes which would produce a sudden lowering of the
reactor coolant temperature {of the order of 10 F) must be
avoided while the reactor is approaching criticality or is

critical.

Startup rates greater than 1 decade ner minute should be evoided.

Available shutdown reactivity must not be reduced below 3% ak/k
ar determined by analysis and experiment, including experimental
data obtained during the performance of this procedure.
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Use no more than three decades of pouer .ncrease during
startup rate measurements.

Check-of f List

Prior to tuc initiation of this S.P., the check-off list

must be completed by the operatc (s) and signed off,

Inctructions

A,

B.

Experimental Method - The temperature coefficient and the pressure
coefficient will be mer »red at various temperatures by changing
the temperature or the ' ressure and observing the resultant
changes in startup rates which can then be converted into changes
in core reactivity. In addition, tre reactivity effects of main
coolant system flow changes will be measured by observing the
efects of cuch -hanges on the startup rate.

Data Required - The following date are required and must be
recorded as indicated in Section V-D, Experimental Procedure,
below:

1. Nuclear Instrumentation

a, Count rste meter readings and scaler data from the
BF, channels

and/or

b. Outputs of the three intermediate range ion chamber
channels,

¢. Stable startup rates,
2. Control rod positions.

3. Readings of temperature detectors in the main coolant system
loops and at representative locations in the core,

4. System pressuce reac‘ngs.

5. Boron concentration (take samples at intarvals of
approximately 20 min).

6. Time at which data are taken.

7. Log of events.
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Special Instrumentation Reguirements - Not included as original
equipment,

l. Scalers for gF4 channels,

2. At least two extra sensitive (better than 10712 amn full scale)
amplifiers for the ccipensated ion chamber c'annels with stirip
chart recorders connected to the amplifier ocutputs.

3. Recording resistance bridge for at least cne main coolant
system temperature detector.

Experimental Procedure

1. DNotify all personnel that reactor startup is i-minent.
2, Verify that the conditions listed in Section II are satisfied.

3. Perform reactor startup with programed rod withdrawal. Level
the reactor to approximately 3 decades above source level,
Record the data listed in Section V-B,

4. Adjust control rod positions to obtain a startup rate of about
Ces5 decade per minute. Record data listed in Section V-B,

5. Shut dow.: the reactor by running in the contrelling rod group.
6. Start up the main coolant system pumps Nos. 1 and 3.

KOTE: In the measurements through Step No. 10, minimize
the time during which all four pumps are operating.
This is required to avoid an excessive increase ir
main coolant temperature. Should the %‘emperature
reach 150 F, reduce it back tc abcut 110 F by
operating with only t..o pumps.

7. Return the controlling rod group to positions identical with
those in Step No. 4; however, if in performing tiis operation,
it should appear that the startup rate will exceed 1 decade
per minute, proceed to Step No. 8¢ below. Record data listed
in Section V-B,

8. a. If the startup rate observed in Step No., 7 is between
0.05 and 1 decade per minute, siut ol{f the msin coolant
pumps Nos. 1 and 3. Record data lis*ed in Section V-B.

b. If the startup rate observed in Step No, 7 is less than
0.05 decade per minute, adjust the control rod positions
to give a startup rate of 0,05 decade per minute; record
data listed in Section V-B and then shut off the main
coclant pumps Nos, 1 and 3. Record data listed in
Section V-B.
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¢. If the startup rate observed in Step No. 7 is greater
than 1 decade per minute, adjust the control rod positions
to give a startup rate of 1 decade per minute; record data
listed in Section V-B, and then shut off main coolant
punps Nos. 1 and 3. Record data listed in Section V-B.

9. a. If the final startup rate observed in Step No. & is between
0,05 and 1 decade per minute, again startup main coolant
pumps Nos. 1 and 3. Record data listed in Section V-B,
Compare the results with those obtained in Step No. 8, If
they disagree by more than 10%#, repeat Steps Nos. 8 and 9
until they do agree within 10%.

b. TIf it appears that the startup rates can not be maintained
between C,05 and 1 decade per minute for the four-pumps-on
to two-pumps-on change, go to a banked control rod con-
figuration and obtain the banked positions for a startup
rate of about 0.5 decade per minute with the two pumps on.
Record the data listed in Section V-B. Turn on pumps
Fos. 1 and 3, obtain the barked rod positions for a start-
up rate of about 0.5 decade per minute. Record data
listed in Section V-B. Adjust control rods back to the
program configuration used in Step No. 3. Record the data
listed in Section V-B,

10. Repeat Steps Nos. 4 through 9 with pumps Nos. 1 and 3 on and
. pumps Nos., 2 and 4 alternately on and off.

11, With all four main coolant pumps in operation, close dc™» the
shutdown cooling system and begin the warm-up of the main
coolant system,

NCTE: During the remainder of this procedure, record the
temperature measurements at least once every 5 min
unless otherwise specified,

| 12, Adjust the control rod positions to give a startup rate of
about C,5 decade per mirute, Record dat~ listed in
Section V-B,

13. When level approaches 6 decales above source level, drop back
to approximately 3 decades above source level by running in
control rods, and then return those control rods to positions
identical with those in Step No. 12, Record data listed in
Sectior V-B.

14. Repoat Steps Nos. 12 and 13 until the startup rate drops to
C.’% decade per minute. Then readjust the cuntrol rod
prsitions to rive a startup rate of (',5 decade per minute.
Fiecord data L.sted in Section V-B,
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18,

15.

25.
26.
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Repeat Steps Nos. 12, 13, and 14 until the temperature
reaches 250 F,

Lower the temperature to 20U F and repeat Steps Nos. 12, 13,
and 14 in temperatire range 200 - 250 F with & banked control
rod configuration.

Change control rods to the program configuration used in
Step No. 3. Record data listed in Section V-B,

Maintain the main cooclant system temperatures at 250 + 3 F
with the aid of the steam by-pass to condenser system until
the core vessel and components reach temperature equilibrium
(approximately 2 hr). Then, maintaining the main coolant
system temperature at 250 + 3 F, increase the main coolant
system pressure to 2,000 psi gage in 20C psi steps. Record
data listed in Section V-B after each step. Then maintain
the pressure at 2,000 + 50 psi gage.

When the equilibrium temperature has been reached, shut off
the steam by-pass system and repeat Steps Nos., 12, 13, and
14 until the main coolant system temperature reaches 539 F.

Start up the steam by-pass system and adjust it to stabilize
the temperature at 539 + 1 F.

Ad just the control rods to give a startup rate of about
0.1 decade per minute, Record data listed in Section V-B.

Increase steam by-pass flow *o lower the temperature tc 534 F
and adjust it to hold at this temperature + 1 F. Record
data listed in Section V=B,

Repeat Step No. 22, successively dropping the temperature in
5 F steps to 489 F. If startup rate approaches 1 decade
per minute during this sequence of measurements, hold temper-
ature at the nearest of those listed and &ijust the control
rods to lower the startu rate to C.1l decade per minute.
Record the data listed iu Section V-B and then proceed with
the other measurements.

Change control rods to banked configur- tion and repeat Steps
Nos. 12, 13, and 14 w*il serperature reaches 539 F.

Repeat Steps Nos. 21, 22, and 23,
Change to control rod configuration used in Step No. 3.

e



27.

28.

29.

30.

31.

32.

33.

34,
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Decrease the steam by-pass flow and repeat Steps Nos. 12,
13, and 14 until the temperature reaches 514 F,

Ad just steam by-pass and hcld the temperature at 514 + 3 F
during the remainder of the procedura.

Using analytical information together with the value of the
temperature coefficient obtained from a preliminary analysis
of the dats obtained in Steps Nos. 20 through 25, determine
the expected value for the pressure coefficient. If this
value is such that it aprears feasible to do so, select a
startup rate such that when the pressure is lowered from
2,000 psi gage to 1,200 psi gage, the startup rate will
remain positive., Otherwise, select a startup rate of about
1 decade per riuute &nd, during the course of the pressure
decrease, reac just the startup rate whenever it drops to
0.05 decade per minute.

Ad just control rcds to obtain the start rate selected in
the previous step. Record data listed in Section V-B,

As rapidly as is practical, decrease the main ccolant
system pressure (refer to 0.I. . . 504E, PRESSURE CONTROL
AND RELIEF SYSTEM) from 2,000 psi gage to 1,200 psi gage.
Record data listed in Section V-B at least once every
2 min,

Ad just control rod positions to obtain . startup rate of
about CO,1 decade per minute. Then inc ase the main coolant
system pressure to 2,400 psi gage in 200 psi steps. Recoxd
data listed in Section V-B after each step. Should the
startup rate amproach 1 decade per minute, hold the pressure
at the nearest of the values in the sequence and adjust the
control rods to reduce the startup rate of 0,1 decade per
minute. Record the data listed in Section V-B and then
proceed with the remaining measurements.

Holding the pressure at 2,400 + 50 psi gage, adjust the control
rods to obtain a startup rate of about 1 decade per minute.
Record the data listed in Section V-B. Decrease main coolant
system pressure as rapidly as practical to 2,000 psi gage.
Record the data listed in Section V-B at least once every
2 min,

Leave the reactor, the auxiliary equipment, and the plant
in the condition specified by the person in charge of tle
experimental program.
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. E. Data Ahalysis

l. Convert all startup rate measurements into reactivities.

2. From the temperature measurements, obtain the average
temperature (6 ) of the reactor core and plot it as a
function «f time for the entire period covered Ly this
procedure.

3. For each set of measurements with a given control rod con-
figuration during Steps Nos. 1l through 16, 19 through 24,
and 27 of Section V-D and using the corresponding re-
activities from Step No. 1 under Section V-E, obtain the
change in reactivity (AP ) as a function of time.

4+ Combining Steps Nos. 2 and 3 of Section V-E and using time
as the common variaole, obtain the temperature coefficient
(6P /L6) as a function of temperature for each of the
control rod configurations used.

5« From data obtained during Steps Nos. 21, 22, 23, ani 25 under
Section V-D, determine the change in reactivity (&¢ ) for
each change in temperature (206) and plot the temperature
coefficient (6p/AS8) as a function of temperature. Compare
the results obtained here with the appropriate portion of
those obtained in Step No. 4 of Section V-E.

. 6. Select from the reactivities obtained in Step No. 1 of
Section V-E,the reactivity changes ( AQ) corresponding tc
the pressure changes () in Steps Nos. 1€ and 30 through
33 of Section V-D.

7. From the temperature recorder charts and/or readings, obtain
the temperatures and temperature changes during the pressure
changes. Using these data together with the temperature
coefficients obtained in Step No. 4 of Section V-E, correct
tne reactivity changes in Step No. & of Section V-E for any
temperature variations during the measurement of those re-
activity changes.

8, Combine these corrected values of &f with the corresponding
pressure changes ( OP) to obtain the pressure coefficient
(ap/6p) as a function of pressure at the two temperatures
used.

9. From Step No. 1 of Section V-E select the reactivities and
changes in reactivity corresponding to the data obtained
during Steps Nos, 4 through 10 of Section V-D. These changes
in reactivity give the reactivity effects of the corresponding
changes in main coolant flow.
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INITIAL CORE LOADING AND NUCLEAR CORE TESTS
REACTOR STARTUP

p Objective To rrovide a safe and efficient method for starting up
the reactor during the plant startup tests when the
ncrmal plant startup procedure, 0.I. Neo. SO04LAL, PLANT
STARTUP - REACTOR STARTUP FROM COLD CONDITION, is not
applicable.

Il Conditions

1. The startur procedure, S.P. No. SO03E3, INITIAL CORE LOADING
AND NUCLEAR CURE TESTS - INITIAL CRITICALITY INSTRUCTION, has
been completed and the results cbtained are available.

2. If additional startup procedures have been completed or are in
progress, the most recent applicable data are available on the
following:

a. Boron concentration in the main coolant system.

b. Main coolant system temperature, pressure and rumber of
loops in operation.

¢. Corresponding control rod positions for criticality.

3. A prediction of the control rod positions expected for criti-
cality has beea made using the best available experimental
and analytical data.

L. Other conditions are the same as those :pecified in the start-
up procedure in connection with which this procedure is being
performed.

NOTE: 1If at the time criticality is to be achieved, the
reactor conditions (i.e., temperature, pressure
and/or boron concentration) are to differ from
those for which previous criticality data are avail-
able and the differences are such as to caus. in in-
crease of 0.5% Ak/k or more in core reactivity, then,
the approach to criticality must be guided by a plot
of inverse multiplication versus control rod position.

ITI. Precautions

1. Criticality should be anticipated at any time when the control
rods are being withdrawn, or the boron concentration in the
main coolant system is being reduced, or the temperature of
the main coolant system is being lqwered.
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During each phase of the control rod withdrawal, the cuter-
most control rods must be moved first and the innermost
moved last.

Startup rates greater than one decade per minute should be
avoided.

Observe the precautions listed in the startup procedure in
connection with which this procedure is being performed.
F I 4

Check-off List

Prior to the initiation of this S8.P., the check-off list

must be completed Uy the operator(s) and signed off. If this S.P.
is being performed in connection with another S.P., the two check-
off lists may be combined.

Instructions

1.
2.

Lad
.

Rotify all personnel that startup o the reactor is imminest.

Record the scurce and range count rates. Do not exceed a factor
of two increase in the source range count rate during the with-
drawval of the safety protection control rod group.

Check that all control rods are at zero (fully inserted) posi-
tion; Liwen wiiidraw the Group € control rods half way and put
them in condition for ready insertion for safety reasons.
Refer to 0.I. No. 504N, REACTOR CONTROL SYSTEM. Record the
source range count rates.

Check the main ccolant system for the following:

a. Temperature and pressure. Refer to appropriate console in-
struments.

b. Boron concentration. Refer to 0.I. No. SO4KL, PRIMARY PLANT
SAMPLING SYSTEM - MAIN COOLANT SYSTEM.

¢. Flow rates through each primary loop. Refer to the appro-
priate console instruments.

If necessary, adj..i the main coolant system temperature, pres-
sure and number of loops in operation and/or boron concentra-
tion until either they are the same as those for which previous
criticality data are available (see Section II Step No. 1 or
No. 2) or they agree with those required by the pertinent
startup procedure.

a. For adjustment of temperature, pressure or number of
loops in cperation refer to the startup procedure irn
conuection with which this procedure is being performed.
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b. For adjustment of the boron concentration, refer to the
eppropriate portion of 0.I. No. 504G, CHEMICAL SHUTDOWN
SYSTEM.

Continuously check and, if neceasary, readjust the core condi-
tions. Refer to Ste»s Nos. 4 ard 5 of Section V.

If it is desired to go critical wity all rods in banked posi-
tion, proceed with Steps Nos. 8 turough 13 below. 1If it is
desired to go critical with rods in normal programmed sequence,
omit Steps Nos. 8 through 13 and proceed to Step No. 1k.

While observing nuclear instrumentation, withdraw each of the
other control rod groups 3 in. at a time in the following order:
Group85, 4, 3, 2 ard 1 and repeat in same order. Do not allow
ary rods except Group € to deviate more than 3 in. from the posi-
tion of the rod bank.

When the bank height reaches the position of the Group 6 rods,
continue withdrawing rods as required in the following sequence:
Groups 6, 5, 4, 3, 2 and 1 and repeat in the same order.

NOTE: Meintain a plot of inverse multiplication versus banked
rod position in Steps Nos. 8 and 9 if required by the
ucte under Section II, Step No. 4.

Continue intermittent rod withdrawal and inverse multiplication
plots, if required, until the reactor is critical.

Establish a startup rate of approximately 0.5 decade per minute
and raise the power level to approximately 3 decades above
initial source level.

Insert recds to maintain reactor power level constant. Adjust
rods until all are at approximately the same level and reccrd
control rod positions, Tavg and system pressure for just
critical conditions.

Proceed with the startup procedure for which this reactor start-
up was performed.

While observing nuclear instrumentation, withdraw each control
rod group in normal program sequence.

NOTE: Maintain & plot of inverse multiplication versus total
rod withdrawal if required by the note under Section 11,
Step No. k.

Continue intermittent rod withdras and inverse multiplication
plots, if required, until the reactor is critical.
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Establish a startup rate of approximately 0.5 decade per minute
and raise power level to approximately 3 decades above source
level.

Insert rods to meintain reactor power level constant. Record
control rod positioms, Tavg and system pressure for just
eritical conditions.

Proceed with the startup procedure for which chis reactor starte-
up was performed.

Final Condition

The reactor is critical at approximately 3 decades above

source level and ready for the performance of the pertinent startup
procedure.
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STARTUP PROCEDURE NO. 503E7

LVITTA IR Y \ ' X
CONTROL ROD AND BORON WORTH DETERMINAIONS -
AT OPERATING TEMPERATURE

I. Objective To determine, at operating temperature, the worth of banked
and programed control rod. and the worth of boron in the
reactor coolan.

II.  Copditions
1. S.P. No. 503E5, INITIAL CORE LOADING AND NUCLEAR CURE TESTS -
TEMPERATURE, PRESSURE AND FLOW COEFFICIENT DETERMINATIONS -
WITH INCREASING TEMPERATURE, has been satisfactorily completed.
2. Main coolant system conditions are being maintained as follows:

8. Temperature - 514 £ 3 F maintained by steam by-pass
to condenser.

b. Pressure - 2,000 £ 50 psi gage.
¢. Boron concentration - Same as at the conclusion of
S.P. No. 503E5, TFMPERATURE, PRESSUQRE AND FLOW

COEFFICIENTS DETERMINATION - WITH INJREASING
TEMPERATURE

3. Special instrumentation, Section V-C below, installed and checked
out.

L. Pertinent auxiliary systems are in the following status:

System Status

Main Coolan* System Normal operation

(Refer to C.I. No. 504D)

rressure Control anl Relief System Normal ©Operation

(R.fer to 0.I. No. 50LE)

Charging and Volume Control System Ready for startup;

(Refer to 0.I. No. S0LF) system on manual
control

Chemical Shutdown System Normal standby; boric

(Refer to 0.I. No. 504G) acid mixing and
storage tank hot and
filled

Purification System System isolated

(Refer to 0.I. No. 504H)
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System Status
Component Cooling System Adequate coolant to equip-
(Refer to 0.I. No. 504I) ment as required
Primary Plant Corrosion Control Ready standby
System
(Refer to 0.I. No. 504J)
Primary Plant Sampling System Ready standby
(Refer to 0.I. No. 504K)
Radiocactive Waste Disﬁosal System Capacity available to
(Refer to 0.I. No. 504L) receive borated bleed
Shutdown Cooling System In operation as required
(Refer to 0.I. N~ 504M)
Reactor Control System Ready standby on 1inual
(Refer to 0.I. No. 5CiN) control.
Nuclear Instrumentation Systenm Normal operation

(Refer to 0.I. No. 5040)

Radiation Monitoring System Normal operation
(Refer to 0.I. No. 50LP)

Vapor Container Atmosphere Normal operation
Control Systems
(Refer to 0.I. No. 504Q)

Safety Injection System Ready standby
(Refer to E.I. No. 505B10)

III. Precautions

1.

Criticality should be anticipated at any time when control rods
are being withdrawn.

Any plant changes which would produce a sudden lowering of the
reactor coolant temperature (of the order of 10 F) must be
avoided while the reactor is approaching criticality or is
critical.

Startup rates greater than 1 decade Per minute should be
avoided.

Available shutdown reactivity must not be reduced below 3% Ak/k
as determined by analysis and experiment, including experimental
data obtained during the performance of this procedure.

Use no more than 3 decades of powver increase du:ing startup
rate measurements.
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IV. Check-off List

Prior to the initiation of the S-P., the check-off list

must be completed by the operator(s) and signed off.

V.  ZIpstructions

A.

B.

Experimental Method - Control r>d worths will be measured by

removing boric acid and inserting control rods. Incremental
control rod worths will be deterrined from startup rate
changes caused by incremental control rod motions. Incre-
mental boron worths will be determined by changes in startup
rate corresponding to changes in boron concentration.

| - The following data are required and uust be
recorded as indicated in Section V-D, Experimental Procedure,
below:

1. Nuclear Instrumentation

a. Count rate meter readings and scaler data from
the BF3 channels

and/or

b. Outputs of the three intermediate range ion chamber
channels.

c. Stable startup rates.
2. Control rod positions. :

3+ Readings of temperature detectors in main coolant loops
being used.

4., System pressure readings.

5. Boron concentration (take sample after each change in
boron concentration and/or about once every 20 min).

6. Time at which data are taken.

7. Log of events.

Special Instrugentation Requiremepts - Not included as ~riginal

equipment.
1. Secalers for -F3 chi-nels

or

Two extra sensitive (vatter than 1071° amp full scale)
amplifiers for the compensated ion chamber channels with
strip chart recorders connected to the amplifier outputs.

2. Recording resistance bridge for at least one main coolant
system temperature detector.
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D. Experimental Procedure

1.

2.

L

“.

Je

Notify all personnel that reactor startup is imminent.

Verify that the ¢ nditions listed in Section II have been
satisfied.

Perform reactor startup according to S.P. No. SO3E6,
INITIAL CORE LOADING AND NUCLEAR CORE TESTS - REACTOR
STARTUP. Level reactor power approximately : decades
above source level. Record data as listed in Sectic: V-B.

Adjvst boric acid concentration until all control rods are
removed and the reactor is on a measurable startup rate.
Recusd data as listed in Section V-B.

NOTE: 1In performing the startup rate measurements in this
procedure, do not exceed a power level of approx-
imately 6 decades above s>urce level.

Following the procedures outlined below, reduce the boron
concentration and observe the control rod positions and
boron concentration reguired to maintain ceriticality for
various rod conligurations including all rods banked and
rois in programed sequences. Rod configurations to be
studied will be determined by the person in charge of the
experimental program.

NOTE: Experimental results must be checked frequently to
determine that the reactor will be at leaut 3% Ak/k
shutdown with all control rods fully inserted. Do
not reduce boron concentration below this limit.

Determine incremental control rod worths for various rod con-
figurations including all rods banked and rods in programed
se uences. Follow Steps Nos. 7 through 1%, to measure
incremental worths of all rods banked. Follow Steps Nos. 16
through 23, to measure incremental worths of program.d rods.

All Rods Bapked:

d.

9,

Adjust all control rods to banked position, i.e., all rods
of the same vertical position in the core. Record data as
listed in Section V-B.

Reduce boron concentiation (refer to 0.I. No. 504G3, CHRMICAL
SHUTDOWN SYSTEM - BORIC ACID REMOVAL) until the startup
rate approaches 0.5 decades per min. Record data as listed
in Section V-B.

nepeat this startup rate messurement unti{l boron concentra-
tions are uniform in the main coolant as indicated by
consistent startup rate rrasurements.
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10.

ll.

12.

3.

1k,

15.

Insert Group 1 rods to establish 0.5 decade per min startup
rate and record data as listed in Section V-B.

Insert Group 1 rods to establish 0.3 decade per min startup
rate and record data as listed in Section V-B.

Insert Group 1 rods to establish approximately O startup
rate and record data as listed in Section V-E.

Repeat Steps Nos. 8 through 12 using rod groups 2, 3, %, 5,
and 6 in that order. However, it is necessary that all
rods end up banked at the same vertical position. Thus,
in successive Steps 12, for each of the rod groups, it may
be necessary to adjust the boron concentration if the rod
group involved is still above the position of Group 1; or
it may be necessary to proceed to the next group in the
sequence before a O startup raie ir reached if the reactor
still has a positive startup rate vhen the rod group in-
volved reaches the position of Group 1.

Remove Group 1 to the position it had during Step No. 7 and
record the data listed in Section V-B. Then return the
Group 1 rods to the position they had during Step Nc. 12

Repeat Step No. 14 using rod groups 2, 3, 4, and 5 in that
order.

Bods ig Programed Seguence:

16.

17.

18.

19.

Adjust the controi rods into a programed configuration.
Maintain criticality by adjusting the position of the
controlling group. Record data as listed in Section V-B.

Reduce boron concentration (refer te 0.I. No. 504G 3,
CHEMICAL SAUTDOWN SYSTEM - BORIC ACID REMOVAL ),until
the startup rate approaches 0.8 decade per min. Record
data as listed in Section V-BE.

Repeat this startup rate measurement until the boron con-
centration is uniform in the main cooclant as indicated
by consistent startup rate measurements.

Insert the zontrolling rod group to estsblish a 0.5 decade
per min startup rate. Record data as listed in Section V-B.

Insert he controlling rod group to establish a 0.3 decade
per n'n startup rate. Record data as listed in Section V-B.

Insert the controlling rod group to establish wpproximately
O startup rate. Record data as listed in Section V-B.

Repeat Steps Nos. 17 through 21 again.
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Continue incrementsl rod worth determinations and rod
position vs. boron concentration measurement until the
boron concentration is reduced to the minimum practical
value or until only 3% Ak/k shutdown is left in the
control rods.

Leave the reactor, the auxiliary equipment and the plant
in the condition specified by the person in charge of
the experimental program.

E. Datas Acalvsis

3.

Convert the startup rate measurements into reastivities.

Using control rod position changes and corresponding
reactivity changes from Step E-1, plot incremental rod
worth as a function of control rod position.

Using boron concentration changes and corresponding
reactivity changes froa Step E-1, plot incremental boron
worth as a function of boron concentration.

From the cbserved boron concentrations, calculate the
banked contreol rod worths and plot them as a function of
contsol rod position. Compare the corresponding results
with Step E-2.

From the observed boron concentrations, calculate the
worths of the various rod configurations studied.
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STARTUP PROCEDURE NO, 503E8

TEMPERATURE, PRESSURE AND FLOW COEFFICIENT DETERMINATIONS -
W) H DECREASING TEMPERATURE

b Objective To measure the temperature and pressure coefficients of
reactivity under conditions of decreasing moderator
temperature, and to determine at operating temperature
the reactivity effects of significant flow changes.

I1. Conditions
1, The startup procedure, S.P. No. 503B7, INITIAL CORE LOADING AND
NUCLEAR CORE TESTS - CONTROL ROD AND BORON WORTH DETERMINATIONS
AT OPERATING TEMPERATURE, has been completed satisfactorily.

2., The main coolant system conditions are being maintained as follows:

a. Temperature - 514 # 3 F - Adjust turbine steam
by-pass to condenser to hold this
valve,

>~
b. Pressure - 2,000 # 50 psi gage.

c. Boron Concentration - At minimum practicel value (to be
determined in the field).

3. Special instrumentation, Section V-C, installed and checked out.

4. Pertinent auxiliary systems are in the following status:

System Status
Main Coolant System Normal cperaticn

(Refer to 0.1. No. 504D)

Pressure Control and Relief Systex Normal operation
(Refer to 0.I. No. 504B)

Charging and Volume Control System Ready for startup; system

(Refer to 0.I. No. 504F) _ on manual cortrol
Chemical Shutdown System Normal stardby; boric acid
(Refer to 0.I. No. 504C) mixing and storage tank
hot and filled
Purification System System isolated

(Refer to 0.1, No. 504H)
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System Jtatus
Component Cooling System Adequate coolant to equip-
(Refer to 0.I, No. 5041) ment &s required
Primary Plant Corrosion Control Ready standby
Systen
(Refer %o 0.I. No. 504J)

Primary Plant Sampling System Reacdy siandby
(Refer to 0.1, No. 504K)
Radiocactive Wasts Disposal System Ready standby
(Refer to 0.I. No. 504L)
Shutdown Cooling System In operation, as required
(Refer to 0.I. No. 504M)
Reactor Control System Ready standby on manual
(Refer to 0.I, No. 504K) control
Nuclear Instrumentation System Normal operation
(Refer to 0.I. No. 5040)
Radiation Monitoring System Normal operation
(Refer to 0.I. No., 504P)
Vapor Container Atmosphere Contrcl Normal operation
Systems
(Refer to 0.1, No. 5043)
Safety Injection System Ready standby
(Refer to E.I. No. 505B10)
II1. Precautions
1. Criticality should be anticipated at any time when control rods

2.

3.
be

5.

are teing withdrawn.

Any plant changes which would produce a sudden lowering of the
reactor coolant temperature (of the order of 10 F) must be
avoided while the reactor is approaching criticality or is
just eritical,

Startup rates greater than 1 decade per minute should be avoided.

Available siumtdown reactivity must not be reduced below 3% & k/k
hot or 5% &k/k cold as deterrined by analysis and experiment,
including experimental data obtained during the performance of
this procedure.

Use no more than 3 decades of power increase during startup rate
measurements.
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Check-off List

Prior to the initiation of this S.P., the check-off list
must be completed by the operator(s) and signed off.

Instructions

A. Experimental Method - The temperature coefficient and the pressure
coefficient will be measured at various temperatures by changing
the temperature or the pressure and observing the resultant
changes in startup rates which can then be converted intc changes
in core reactivity. 1. addition, the reactivity effects of main
coolant system flow changes will be meusured by observing the
effects of such changes on the startup rate.

B. Data Required - The following data are required and must be recorded
as indicated in Section V-D:

1. Nuclear Ilnstrumentation

a, Count rate meter readings and scaler data from the BF3
channels,

b. Outputs of the three intermediate-rarge ion chamber
channels.

¢c. Steble startup rates.
2. Control rod positions.

3. Readings of temperature detectors in the main coolant system
loops and at representative locations in the core.

4. System pressure readings.

5« Boron cgncentration (take samples at intervals of approximately
20 min).

6., Time at which data are taken.
7. log of events.

C. ec ntation uirements - Not included as original
equipment.

l. Scalers for 33 channels,

2. At least two extra sensitive (better than 10712 amp 7ull scale)
amplifiers for the compensated ion chamber channels with strip
chart recorders connected to the amplifier outputs.

3. Recording resistance bridge for at least one main coolant
system temperature detector,
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D. Experimental Procedurs

1.
2,
3.

be

5e

7

Notify all personnel that reactor startup is imminent,
Verify that the conditions listed in Section II are satisfied.

Perform reactor startup using programned rods according to
S.P. No. 503EG, INITIAL CORE LOADING AND NUCLEAR CORE TESTS -
REACTOR STARTUF., Level reactor at approximately 3 decades
above source level, Record the data listed in Section V=B,

Ad just control rod positions to obtain a startup rate of about
0.5 decades per minute. Record data listed in Section V-B.

Shut down the reactor by inserting the controllin; rod group.

Shut off main coolant pumps Nos. 1 and 3 and adjust the steam
by-pass system to maintain the main coolant at 514 + 5 F.

Return the cuntrolling rod grcup to¢ positions identical with
those in Step No. 4; however, if in performing this operation,
it should appear that the startup rate will exceed 1 decade
per minute, proceed to Step No. 8¢, below. Record data
listed in Section V-B,

a, If the startup rate observed in Step No. 7 is between
0,05 and 1 decade per minute, start up the main coolant
pumps Nos. 1 and 3. Record data listed in Section V=B,

b, If the startup rate observed in Step No. 7 is less than
0.05 decades per minute, adjust the control rod positions
to give a startup rate of 0,05 decades per minute; record
data listed in Section V-B, and then start up the main
coclant pumps Nos. 1 and 3. Record data listed in
Section V-B,

¢. If the startup rate observed in Step No. 7 is greater than
1 decade per minute, adjust the control rod positions to
give a swartup rate of 1 decade per minute; record data
listed in Section V-B, and then start up the main coolant
pumps Nos. 1 and 3. Record data listed in Section V-B,

a, If the final startup rate observed in Step No. 8 is be-
tween C.05 and 1 decade per minute, again shut off main
coolant pumps Nos. 1 and 3. Record data listed in
Section V-B. Compare the results with those obtained
in Step No. 8, if they disagree by more than 10%, repeat
Steps Nos. 8 and 9 until they do agree within 10%.
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b, If it appears that the startup rates can not be maintained
between C,C5 and 1 decade per minute for the four-pumps-on
t¢ tvo-pumps-on change, go t© a banked control rod econ-
figuration and obtain the banked positions for a startup
rate of about C.C5 decades per minute with two pumps on.
Record the data listed in Secticn V-B. Turn on pumps
Nos. 1 and 3, obtain the banksd rod positions for a
startup rate of about C,5 dr.ades per minute. Record
data listed in Section V-B, Adjust control rods back to
the program configuration used in Step No., 3, Record the
data listed in Section V-E,

10, Repeat Steps Nos, 4 through 9 with pumps Nos. 1 and 3 on and
pumps Nos. 2 and 4 alternately on and off.

11, With all four main coclant pumps in operat..n and the tempera-
ture at 514 + 3 F, adjust the control rods to establish a
startup rate of C.5 decades per minute, Record data listed
in Section V-B and then close down the steam by-pass system
to aliow the main coolant to heat up.

NOTE: During the remairder of this procedure, record the
temperature measurements at least once every 5 min
unless ctherwise specified,

12, Adjust the control rod positions to give a startup rate of
about 0.5 decades per minute., Record data listed in
SCc tvion V‘Bo

13, Wwhen level approaches & decades above sourse level, drop back
to 3 decades above source level by running in control rods
and then return those control rods to positions identical
with those in Step No. 12, Record data listed in Section V-B.

14. Repeat Steps Nos. 12 and 13 until the startup rate drops to
C.05 decades per minute. Then readjust the control rod
positions tc give a startup rate of 0.5 decades per minute.
Record data listed in Section V-B,

15. Repeat Steps Nos. 12, 13, and 14 until main coolant tempera-
ture reaches 529 + 1 F.

NOTE: In performing Zteps Nos. 16, 17, and 18, below, stop
if the available shutdown reactivity approaches 3%
Ak/k and proceed divectly to Step No. 19,

16. Adjust the control roés to give a startup rate of about
0.1 decade per minute, Record data listed in Section V-B,

17. Increase steam by-pass flow to lower the temperature to 534 F
and adjust it to hold at this temperature + 1 F. Record
data listed in Section V-B,

4
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18, Repeat Step No. 17 successively dropping the temperature
in 5 F steps to 489 F, If startup rate approaches 1 decade
per minute during this sequence of measurements, hold temper-
ature at the nearest of those listed and adjust control rods
to lower the startup rate to C.l decade per minute. Record
the data listed in Section V-B and then proceed with the
other measurements.

19. Decrease the steam by-pass flow anc repeat Steps Nos, 12, 13,
anc 14 until the temperature reaches 514 F,

20, Adjust the steam by-pass system to hold the mair coolant
temperature at 514 + 3 F,

21, Adjust the control rods ir*c a uniformly banked configuration
and repeat Steps Nos. 11 ¢ ,ough 20,

22, Return the control rods to the programmed configuration. Using
analytical information together with the value of the terpera-
ture coefficient cbtained from a preliminary analysis of the
data obtained in Steps Nos. 12 through 19, determine the ex-
pected value for the pressure coefficient, If this value is
such that it appears feasible to do so, select a startup rate
such that when the pressure is lowered from 2,000 psi gage to
1,200 psi gage, the startup rate will remain positive., Other-
wise, select a startup rate of about 1 decade per minute and
during the course of the pressure decreace, readjust the
startup rate whenever it drops to 0,05 decades per minute.

23, Adjust control rods to obtain the startup rate selected in the
previous step. Record data listed in Section V-B.

24. As rapidly as is practical, decrease the main coolant system
pressure (refer to 0,1. No. 504E, PRESSURE CONTROL AND RELIEF
SYSTEM) from 2,000 psi gage to 1,200 psi gage. Record data
listed in Section V-B at least once every 2 min,

25, Adjust control rod positions to obtain a startup rate of about
0.1 decade per minute. Close pressurizer solenoid relief
isolation valve. Then increase the main coolant system
pressure to 2,400 psi gage in 200 psi steps. Record data
listed in Section V-B after each step. Should the startup
rate approach 1 decade per minute, hold the pressure at the
nearest of the values in the sequence and adjust the control
rods to reduce the startup rave of 0.1 decade per minute,
Record the data listud in Section V-B and then proceed with
the remaining measurements.
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27,

28.

30.
31,
32.

33.
3.

35.

. 36.
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Holding the pressure at 2,400 + 50 psi gage, adjust the
control rods to obtain a startup rate of avut 1 decade

per minute. Record the data listed in Section V-B. Decrease
main coolant system pressure as rapidly as practical to

7,000 psi gage. Open pressurizer solenoid relief isolation
valve., Record the datu listed in Section V-B at least once
every 2 min,

Holding pressure at 2,000 + 50 psi gage begin reactor cooldown
according to 0.I. No, 504C2, PL'NT SHUTDOWN - REACTOR COOLDOWN,

with the following deviations:

a. Maintain reactor critical as specified in subsequent steps
of the procedure,

b. Délly the start of the boric acid injection uatil the
available shutdown reactivity is reduced to 3% Ak/k
(refer to Section III, Step No. 4).

Adjust the control roas to establish a startup rate of about
C.05 decades per minute. Record the data listed in
Section V-B.

When 1~vel approaches 6 decades above source level, drop back
to 3 decades above source level by running in control rods
and then return t.o-~ control rods to positions identical
with those ir Step No. 28. Record data as listed in
Section V-B,

Repeat Steps Nos. 28 and 29 until the startup rate approaches
0.5 decades per minute. Then readjust the control rods to
establish a startup rate of about 0.05 decade. per minute,

Repeat Steps Nos. 28, 29, and 30 until the mai- coolant tempera-
ture drops low enough so that there is only _# shutdown avail-
able in control rods.

Hold main coolant temperature at the value reached in Step
No, 31 and borate system to nominal shutdown boron
concentration.

Allow boron to mix in the main coolant system, Sample to
determine boron concentration,

Repeat Steps Nos. 12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 23,
24, 25, and 26,

Re eat Steps Nos. 27 (with nominal voron concentration), 28, 29,
tnd 30 until main coolant temperature reaches cold shutdown
1alue,

Leave {he reactor, the auxiliary equipment, and the plant in the
condition specified by the person in charge of the experimental

program,

PR
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E. Data Analysis

1.
2,

3.

be

56

6.

7.

2.

Convert all - .artup rate measurements into reactivities.

From the t . persture measurements, obtain the average temper-
ature (@) of cne reactor core and plot it as a function of
time for the entire period covered by this procedure.

For v.ch set of measuremenis with a given control rod config-
uration during Steps Nos. 11 through 15, 19, 21, 28 through
31, 34,and 35 under Section V-D, and using the correspouding
reactivities from Step No. 1 under Section V-E, obtain the
change in reactivity (&pP) as a function of time,

Combining Steps Nos, 2 and 3 of Section V-E and using time as
the common variable, obtain the temperature cocefficient
(ap/&@) as a function of temperature for each control rod
configuration used. The measurements made during the in-
terval when boric acid wes being added to the main coolant
system must be corrected for the reaciivity effects of the
boron. This correction can be determined from the correspond-
ing boron conceatrations together with the data on boron worth
obtained during the performance of I.P. lo. 503E4, INITIAL
CORE LOADING AND NUCLEAR CORE TESTS - CONTROL ROD AND BORON
WORTH DETERMINATIONS - AT LOW TEMPERATURE and S.P. No. 5037,
INITIAL CORE LOADING AND NUCLEAR C"RE TESTS - CONTROL ROD AND
BORON WORTH DETERMINATIONS - AT OPERATING TEMPERATURE,

From data obtained during Steps Nos. 16, 17, 18, 21, and 34
under Section V-D, determine the change in reactivity (&P)
for esach change in temperature (4®) and plot the temperature
coefficient (Ap/A@) as a function of temperature, Compare
the results obtained here with the appropriate portion of
those obtained in Step No. 4 of Section V-E,

Select from the reactivities obtained in Step No, 1 of
Section V-E, the reaciivity changes (&@) corresponding to
the pressure changes (&P ) in Steps Nos. 23 through 26 and
34 of Section V-D.

From the temperatnre recorder charts and/or readings, obtain
the temperatures and temperature chaunges during the pressure
changes. Using these data together with the temperature co-
efficients obtained in Step No. & 0. Section V-E, correct the
reactivity changes in Step No. 6 of Section V-E for any temper-
ature variations during the measurement of those reactivity

changis.

Combine “hese corrected valves of (&) with the correspondi:g
pressure -~hanges (4pP) to obtain the pressure coefficient
(@P/&p) v« - function of pressure.



9. From Step No. 1 cf Section V-E, select the reactivities and
changes in reactivity corresponding to th
during Steps Nos. 4 through 10 under Section V-D. These
changes in roac‘ivi ie ve the reactivity effects of th
corresponding changes in main coolant flow,
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STARTUP PROCED'®Z NO, S503E9

INITIAL C

MAIN COO

LOADING AND NUCLEAR CORE TESTS
SYSTEM HEATING RATE DETERMINATION

1. Cbjective To determine the 2ain coolant system heating rate, heat

losses at operating temperature and to check out nuclear
instrumentation at a low power level., (Tuis is a low
priority test for useful information not ¢ unected vwith
nuclear safety of the plant,)

j & Conditions

1,

2a

3.
ba

5.

6.

Te

The following startup procedures have been completed:

a, S.,P. No. 503El, INITIAL CORE LOADING AND NUCLEAR CORE
TESTS - INITIAL CORE LOADING.

b. S.P. No. 503E2, INITIAL CORE LOADING AND NUCLEAR CORE
TESTS - CONTROL ROD DRIVE AND PLANT SCRAM TESTS.

¢s. S.P. No. 503E3, INITIAL CORE LOADIN" AND NUCLEAR CORE
TESTS - INITIAL CRITICALITY INSTRUCTION.

The secondary side of the steam generator is filled to ap roxi-
mately 280 in.

The main coclant temperature is at approximately 100 F,

The main coolant pressure is at 250 #+ 50 pei gage and the
pressurizer is at approximately 385 F,

Expa sion water is being drained through the bleed line via the
low " ressure surge tank to weste disposal.

The m ln coolant system is boiated to a concentration correspond-
ing t a minus 5 per cent § K shutdown throughout the performance
of th: procedure,

The pe-tinent auxiliary systems are in the following statue:

System Status
Main Coolant System All four loops open;
(Refer to 0.I. No. 504D) four main coolant pumps

reedy for cztartup

Pressure Control and Relief System Operating
(n‘f‘r to OQI. No. 50‘.)
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Iv,

v.
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System Status
Charging »nd Volume Control System Normal operation
(Refer to 0.I. No. 504F)
Chemical Shutdown System Normal standby; boric
(Rufer to 0.I. No. 504G) acid mixing and storage

tank hot aud filled

Purification Systea Isolated
(Refer to 0,I. No. 504H)

Componen® Cooling System Normal operation
(Refer to 0,1, No. 504I)

Radicactive Waste Disposal System Ready standby
(Refer to 0.I. No. 504L)

Shutdown Cooling System Isolated
(Refer to 0.I. No. 504M)

Nuclear Instrumentation System Normal operation
(Refer to 0.I. No. 5040)

Safety Injection System Ready standby
(Refer to E.I. No. 505Bl10)

tio

Same as O.I. No. 504A1, PLANT STARTUP - REACTOR STARTUP
FROM OLD CONDITION,

Check-off List

Prior to the initiation of this S,P,, the check-off list
must be completed by the operator(s) and signed off,

instructions
A. Experimental Method - Four main coolant pumps will be used to

heat up the main coolart system t) operating temperature.
Plant heat-up rate will be observed and heat losses near oper-
ating temperature will be calculated from pump elecirical
input and component cooling losses. Nuclear instrumentation
will be calibrated agains* pump heat-up rates,

B. Dats Required - The following data are required and should be
recorded at the recommended frequency:

l. The main coclant system temperature and nuclear instrumen-
tation from 100 to 480 F every 30 min,
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2, The main ccolant system temperature and nuclear instrumen-
tation every 5 min while in the temperature range of 480 to
525 ¥,

3. Component cool ing water inlet and outlet temperature of the
main coolant pump every 30 min during main coolant increase
fron 100 to 525 F.

4. The main coolant pump current every 30 min from 100 to 525 F.
5. Main coolant system flow every 30 min from 100 to 525 Y.
6. lLog of events.

ec Instrumentation Requirements - Not included as original
equipment.

1. Two extra sensitive (better than 10-1¢ amp full scale)
amplifiers for the compensated ion chamber channels with
strip chart recorders connected to amplifier outputs.

Experimental Procedure

1. Using four main coolant pumps, raise the main coolant system
temperature from 100 te 500 F. Refer to 0.I. No. 504D,
MAIN COOLANT SYSTEM - STARTUP (i SOMPLETE SYSTEM.

NOTE: At 250 F, four pumps should be stopped for 2 hr to
establish an isothermal condition between main
coolant and reactor vessel.

2, Uging ..o main coolant pumps, raise the main coolant system
temperature from 500 to 514 F.

3. At 514 F a.d using two main coolart pumps, establish the rate
of temperature increase or decrease (°F/hr) to determine the
heat losses of the main coolant system.

NOTE: It may be desirable to check the detsrmined heat
losses against heat removed by the vapor container
ventilation system,

4o At an initiation temperature of 514 F and with one main coolant
pump in operation, go c:itical at low power with rods in pro-
grammed sequence, Refer to S.P. No. S03E6, INITIAL CORE
LOADING AND NUCLEAR CCRE TESTS - REACTOR STARTUP. Ad just the
reactor power to approximate the rate of increase or decrease
(°F/hr) to Step No. 2 above, Continue heatup in this manner
to 525 F,
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5. Recor’ all nuclear instrumentatior reaa.ngs, control rod
posivinong, etec, The nuclear ine’rumenta‘ion readings are
now recorded as being the neutron level ‘ndicative of a
reactor power level of epproximately 1,00U kw or less.
The reactor will henceforth be considered at a zero power
eritical condicion wnen nuclear instrumentation is at the
above values.

NOTE: These values may change slightly with core ‘fe and
instrunentation aging. Reasons for cha’ should
be evaluated,

E. Data Analysis

1. Plot main coolant system temperature from 100 to 525 F as
& function of time,

2. Plot component cooling water &4 T from the main coolant pump
wiile main coolant system increases from 100 to 525 F as a
function of time.

3. Plot main coolant pump amperes from 10C to 525 F as a
Junction of time,

4. Deiermine power sensitivity of nuclear instrumentation,

5. Calculate main coolant system heat losses at approximately
operating temperature.
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STARTV'P PROCEDURE NO. 503ELO

INTTIAL CORE LOADING AND NUCLEAR CORE TESLS
NUCLEAR INSTRUMENTATICON SYSTEM RESPONSE TO ASYMMETRIC CONTROL ROD POSITIONING

I.

II.

I1I.

Objective To determine the ability of the nuclear instrumentation
to detect flux tilts or flux asymmetry in the reictor
core. And to determine the sensitivity of the ruc.ear
detectors to rod motion in various sections of the
core.

Conditions

1. The following startup procedures ..ave been completed:

a. BS.P. No. 503E3, INITIAL CORE LOADING AND NUCLEAR CORE TESTS -
INITIAL CRITICALITY INSTRUCTION.

b. S.P. FNo. 503E7, INITIAL CORi' LOADING AND NUCLEAR CORE TESTS -
CONTROL ROD AND BORON WORTH _""ERMINATIONS - AT OPERATING
TEMPERATURE.

o

The conditions are satisfied for normal plant startup as given n
0.I. No. 504Al, PLANT STARTUP - REACTOR STARTUP FROM COLD
CONDITION, except Steps Noe 1 and & unds. Section II.

3. OSpecial nuclear instrumentation, see Section V-C, has been in-
stalled ard checked wut.

4. Provision uas been made for switching detector cabies so that
the outputs of all nuclear detectors can be measured.

Precautions

1. Observe the precautions listed in 0.I. No. SO4Al, PLANT STARTUP -
REACTOR STARTUP FROM COLD CONDIT.ON.

2. Limit operating power levels to below six decades above source
level.

Check=-off List

Prior to the initiation of the S.P., the check-off list
must be completed by the operator(s) and signed off.

Instructions

A. Experimental Method - Flux tilts and flux asymmetry will %e
deliberately introduced in vhe reactor core by romuriform or
asymmetric positioning of control rods. The interrelation
between the nuclear instrument readings will be compared with
in-core instrument readings and with analytically determined
flux distributions in order to determine the capability of the
ruclear instrumentation for detecting flux tilts and the sensi-
tivity of the nucliear detectors to control rod motion in various
sections of the core.
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Data Required - The following data are required and must be

recordeu as indicated in Section V-D:

1. All startup, intermediate and power range nuclear
detector readings.

2. All in-core instrumentation readings, if available.

3. Flow, cold-leg and hot-leg temperature measurements for
each main cuolant loop.

4. Readings of Tavg @nd pressure in main coolant system.

5. Control rod positions.

€. Neutron shield tank temperature.

7. Time at which data are taken.

8. Log of events.

Special Instrument Requirements - Not inc.uded as original

equirment.

1. At least two extra sensitive (better than 0~12 ampere full

2‘

scale) linear amplifiers for use with intermediate and/or
power range detectors.

Strip recorders for the amplifiers described just above.

Experimental Procedure

l.

Perform norma. reactor startup according to 0.I. No. SOkAl,
PLANT STARTUP - REACTOR STARTUP FROM COLD CONDITION. Use
tli: rod program planned for initial normal operation.

Level -IJ reactor power at five decades above source level.
Adjust Tg., 3nd pressure of main coolant system to ncimal

operationag values £ 3 F and £ 50 psi gage. Maintain Tavg
and pressure within these limits throughout the procedure.

Record data listed in Section V-B and initiate analysie
(see Section V-E) so thet the results can be used later
in this procedure.

Maintain reactor power level constant; adjust control rod
positions until they are all at the same elevation. This
will introduce an axial flux asymmetry. Record the data
listed in Section V-B.
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troduce various radial flux tilts by fully inserting
various combinat.ons of Group 6 (peripheral) control
rods. Maintain reactor power level constant hy withe-
drawing the control rods in the remaining groups in
such & manner that those rods end up all at the same
elevation. When reactor has reached an equilibrium
condition, record the data listed in Section V-B.

Introduce radial flux tilts by fully inserting various
combinations of Group 6 rods, while maintaining reactor
power level constant by fully inserting Groups 1, 2, 3 and
4 rods and withdrawing Group 5 rods. Record and analyue
data listed in Section V-B.

Steps Nos. 1 through 5 may be repeated with the reactor at
power level up to 5% with the heat dissipated by the tur-
bine steam by-pass connection. This may be done if it
will provide improved data from the in-core instrumentati-n,
if provided.

Leave the reactor, the auxiliary equipment, and the plant in
the condition specified by the person in charge of the
experimental program.

Data Analysis

1.

Compare the flux distributions obtained with the following
data:

a. Analyticrlly determined flux distributions, if
availab.e

b. Interrelation of all nuclear detector outputs.
c. Daty. from in-core instrumentation, if available.
Compare observed nuclear detector readings against control

rod position changes obtained in Section V-D to determine
detector sensitivity to rod motion in various sections

of the core.
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STARTUF PROCEDURE RC. 503F1

1.

II.

I11.

_NUCLEAR PLANT POWER QFERATIONAL TESTS

ANITIAL
POWER COEFFICIENT AND LOSS (F LOAD TRANSIENT TESTS

Objective To determine the power coefficient of the reactor and also
to determine the capebility of the plant to handle a loss
of load without accompanying reactor scram,

Condit . ns

1. Startup Procedure No. 503E, INITIAL CORE LOADING AND NUCLEAR CORE
TESTS have beean completed.

2, All normal plant cpevation conditions have been satisfied as re-
quired in O.I. No. 04Bl, PLANT OPERATION - CHANGING REACTOR
LCAD, Section II-B, Increasing Reactor Load (no boron present
in main coolant system;, with the turbine generator set in opera-
tion with po load

3, The main turbi.e load limit has been set for 110% reactor power.

4. The network dispatcher has been notified of impending operation
of the plant.

Precagtions

1. The power levels used shall be limited to within the normal
operating range of the rsactor plant.

2. The experimental procedure will be performed in a sequence which
involves increasingly higher power levels. Before proceeding
from one power level to the next higher ome, the performance data
will be evaluated in order %o ascertain that the succeeding phase
will not cause damage t¢ the reactor or the plant. The remainder
of the procedure will be suspernded for further operational eval-
uation if it appears that during the next phase any of the follow-
ing limitations will be exceede? either in the performance of the
experiment or in the event of a complete loss of load:

a. Pregsurizer level in excess < (255)* in,

.: t(-',- . F
b- T 1-4 exceze o1 \J .j) ®
. I excess t | :9~ - 8

*To be confirmed.
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3. The procedure will be suspen ad for further operational evaluation
if the pressuriser spray or the solenoid relief valves fail to
operate or if the following turbine generator set plant annunci-
ators are activated:

a. Condensate storage tank level, high or low.
b. Condensate hotwell level, high or low.
¢c. Any one of the four steam generator levels, high or low.

4. The reactor control rods shall be maintained on manual operation
throughout the procedure.

5. The pressurizer pressure and level shall not be allowed to drop
below the lower operational limits,

6. A proper plant water balance should be established in the water
storage and waste collection tanks to ensure that adequate make-
up water is available and to receive water rejected from the

primary plant.

7. The r=twork dispatcher should be notified before any scheduled
load change.

IV. Check-off List

Prior to the initiation of this S.P., the check-off list
must be completed by the operator(s) and signed off.

V.  Imgtructions

A. Experimente]l Method - The reactivity effects of stepwise power
level changes will be measured in terms of moderator temperature
changes and control rod position changes which can be converted
into reactivity chanres to obtain the power coefficient. In
addition, the respoise of the reactor and plant to loss of load
transients will be determined by measuring the corresponding
effects on the operational parameters.

B. Data Reguired - The following data will be recorded as indicated:

1. Da’a to be recorded at frequent intervals (as indicated in
Section V-D below) or to be transcribed from strip recorder
charts:

a. Intermediates and/or power range nuclear instrument
outputs.

b, Cold-leg ari hot-leg temperatures for each main
coolant loop and T readings.
avg
¢. Main coolant system pressure, pressurizer pressure and
temperature, and pressurizer level.
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d., Gross electrical output of the turbine generator.
e. Steam flow and pressiTre in secondary system,
f. Feed water flow.
g Hotwell level and condensate storage tank level.
h. Level in each steam generator.
2. Data to be recorded at less frequent intervals:
a. steam by-pass to condenser volume.
b. Neutron shield tark temperature,

¢, Main coolant flow measurements for each of the main
coolant loops.

d. In-core temperatures. if available.
2, Contrel rod positions each time they are changed.
4L, Time at which any of the above data are taken.

5. Log of events.

Speciel Instrumentation Pequirements - Not included as original
equipment.

1. Strip chart recorders for recording the most significant
data during transients including the following:

a. At least one set of cold-leg and hot-leg temperatures.

b Torg

¢. Main coolant pressure.

d. Gross electrical output.

Experimental Procedures

1. Prior to the initiation of these procedures, the reactor will
have been brought up to the minimum level required to operate
the turbine generator set under no lcad conditions. Refer
to 0.I. No. 504Bl, PLANT OPERATION - CHANGING REACTOR LOAD,
Section B.

2. Record all data listed in Section V=B,
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Start the required strip chart recorders (See Section V-C,
Step No. 1 abtove) that ar= not already in operation. Index
all recorder charts with a ‘ime marking to help cerrelate
chart readings.

Deiermine initial xenon conditins at zero powver level by ob-
serving reactivity changes as a function of time, Withdraw
the controlling rod group to establish a startup rate of
approximately C.2 decades per minute. Record the actual
startup rate and the control rod positions. Repeat this
measurement and observe the change in startup rate as a
functicn of time.

Record all data listed in Section V-B.

Increase the¢ load on the turbine generator set (Refer to O.I.
No. 504Bl, PLANT OPERATION - CHANGING REACTCR LOAD, and 0.I.
No. 504B2, PLANT OPERATION - INCREASING TURBINE GENERATCR
LOAD), to 30 mw gross electrical output at 4 mw per min,
Maintain Teye at nominal value +2 F by control rod motiom.
Maintain pressure at 2,000 430 psi gage. During this load
increase and until equilibrium conditions are reached, re-
cord once every 15 sec the data listed in Section V-B, Step
No. 1 wvhich is not being recorded on the strip chart
recorders.

When the power level reaches a stable value, record all dJdata
listed in Section V-E.

Determine final xenon conditions by cbserving changes in ‘l‘.,‘
and control rod positions as a function of time. Allow Tgyg
to deviate + 2 F about the nominal value and observe the time
of change o temperature. when the temperature reaches the
limit of the control band, initiate appropriate contrel rod
motion to return Tgye to the other end of the control band
and record the no\mg of control roéd motion required and the
change in Tayg induced by the rod motionm.

Record all data listed in Section V=B,

Notify all necessary personnel of the intended action and then
remove the load from the turbipa generator oy manually tripping
the two 115 kv oil circuit breakers. Do not initiate control
rod motion unless it is requirad to correct An emergency con=-
dition. Once every 15 sec record the data listed in Section V-B,
Step No. 1 that is not being recorded on strip chart recorders.
Continue recording data until equilibrium conditions are reached.

After equilibrium conditions are reached, record all dxta in
Section V-B.
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Return Tayp to the nominal value by adjusting the positiors of
the controlling rod group. During this adjustment maint dn
the main coolant system pressure 2,000 +30 psi gage. Once
every 15 sec record the data listed in Section V-E, Ster No. 1
that ie not being recorded on strip chart recorders.

After equilibrium conditions are reached, record all data in
Section V-E.

Repeat Step No. 8 under Section V-D,

Analyze data to determine if any hazari to plant equipment
existes due to transient conditions associated with the ramp
load increase or instantanecus load drop. Uc rot proceed
with the following load changes u.-less careful evaluation of
previous data indicates that a compleie loss of load from any
of the levels used can be safely handlea by the reactor end
the plant.

kepeat the above for the following power level changes which
are given in gross electrical output:

a. Ramp load increase from No load to 30 mw. Repeat Steps
Nos. 4 through 9.

b. Ramp load increase from 30 mw to 60 mw., Repeat Steps
Nos. 6 through 9.

¢, Instantaneous loss of load from 60 mw to Low load.
Repeat Steps Nos. 10 through 15.

d. Ramp load increase from No locad to 60 mw. Repeat Steps
Nos. 4 through 9.

e. Ramp load increase from €0 mw to 90 mw. Repeat Steps
Noa. 6 through 9.

f. Ramp load increase from 90 mw to Full load. Repeat
Steps Nos. € through 9.

g. Instantaneous loss of lcad from Full load to Low load.
Repeat Steps Nos. 10 through 15.

Leive the reactor, the auxiliary equipment, and the plant in
the conditions specified by the person in charge of the ex-
perimental program.
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. 1. The following data analysis will be performed concurrently with
the experimental program:

a. Obtain the moderator temperature coefficient valuce found
during the zero power experiments. Obtain the total
changes in Tayp between equilibrium conditions at the
start and at the end of each power level change in Sec~
tion V=D above, by summing the incremental changes made
in Step No. € of Section V-D, Using the moderator tem-
perature coefficient convert these A Tayg into reactivity
changes. Divide these changes in reactivity; ty the cor-
responding changes in power level to obtain the powver
coeffic‘ent,

b. Obtain the control rod worth values found during the
zero power experiments. Obtain the total change in con-
trol rod position between equilibrium conditioms of the
start and at the end of each power level change in Sec~-
tion V-D, by summing the incremental control rod changes
made in Step No. 6 of Section V-D. Convert the control
rod position changes into reactivity changes and calcu-
late the power coefficient.

c. Obtain the total change in Tavg associated with the in-
stantaneous loss of load and compare with Step a

. above.

d. Obtain the total control rod position change associated
with the instantanecus loss of load and compare with
Step b adove.

e. Determine if the plant load can safely be increased to
the next scheduled power level,

2. The following data analysis need not be performed concurrently
with the experimental program:

a. Plot control rod positicn, gross electrical output, Tavg,
and main coolant pressure versus time for all load in-
creases. Perform detailed analysis as outlired in Stepe
Nes, la and 1b of Secticn V-E, including corr:_ :ions
for fission product effects.

b. Plot control rod position, gross electrical oitput; Tavg;
pressure, and pressurizer level for all loss of load
measurements. Perform detailed analysis as indicated
in Steps Nos. lc and 1d of Section V-E, including cor-
rections for fission product effects.

B T 7 T
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¢, Evaluate data from S.P. No., 502F6, INITIAL NUCLEAR PLANT
FOWER OP RATIONAL TESTS « VARIATION CF REACTIVITY DUE TO
CHANGE 1IN FISSION PRODUCT LEVEL FOLLOWING REACTOR SHUT-
DOWN, to determine total changes in pressurizer level,
Tavg, and control rod position and compare with Step 2b
of goction V=E. Evaluate the data from S.P. No. 5027€ to
determine the time after shutdown required for the con-
trol rods to return to the position they occupied at
power.,

d, Evaluate the data obtained above and select a method to
be used at intervals throughout core life to determine
the effects uf the power coefficient on plant operation.



STARTUP PROCEDURE NO. 503F2

INITIAL NUCLEAE PLANT POWER OPERATIONAL TESTS
POWER CALIBRATION OF NUCLEAR INSTRUMENTATION

POW

1.

II.

III.

Objective To calibrate the power range nuclear instrumentation
against the heat output <f the nuclear steam generator
as measured by the staLion electric.l load.

1. The following startup procedure has been completed:

&. S.P. No. 5CF1, INITIAL NUCLEAR PLANT POWER OPERATIONAL
TESTS - POWER COEFFICIENT AND LOSS OF LOAD TRANSIENT

TESTS.
2. The turbine generator electrical lcad is being held constant at
the normal full pcwer rating.

3. All required instrumentation has been calibrated and adjusted.

L. Plant conditions are stable and can be so maintained “or the
duration of the test.

5. The steam generator blowdown valves are closed for the duration
of the test.

6. The feed and bleed system {s shutdown for the duration of the
test.

Precautions

QObserve the normal plant operstion precautions as : 2t
forth in 0.I. No. 504Bl, PLANT OPERATION - CHANGING REACTOR . JAD.

Checkeoff List

Prior to the initiation of this S£.P., the check-off list
must be completed by the operator(s) and signed off.

Instructions

A. Experimental Method - The heat output of the nuclear steam gen-
erator will be compared to the calculated heat output. The
gross electrical output is related to the heat output as shown
on drawings Nos. 9699-FPM-L5A through G609-FM-45E which are in-
cluded in Section 200. This relation, the gross electrical
output to the corrected heat output, will remain the same as
shown by turbine, condenser and feed-water heater testing
done in acccrdance with standard procedures at regular inter-
vals.
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Data Required - Record the foll wing readings at periodic
intervals:

[

9.

Dat

Per cent pover on all channels
Grose electrical output

Steam pressure

Condenser pressure

Steam moisture

Plant heat talance (See drawings Nos. 9699-FM-kSA
through 9699-MM-45E which are included in Section 200)

Main coolanc flow, T, and Ty of all operating loops
Maiu coolant pressure

Final feed water temperature

* Analysis

L.

n

Determine the neat output of the nuclear steam generator
using the theoretical relationship between heat output
and gross electrical output. Corre<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>