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DUrgReE Power CoOMPANY
Power BuiLu:ine
422 Sovts CuvrcH STREET, CmarrotTE N C 20242

WiLL AM 2 PARKER JUR,

/er Pags Otwt December 21, ‘978 TELEP=ENE AREA TDa

Ergev PRosucT ON 373-4083

Mr. Harold R, Denton, Cirector
0ffice of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
washington, D. C. 20555

Attention: Mr. Robert L. Baer, Lhief
Light=Water Reactor ®roject Srancn #2

Reference: McGuire Nuclear Station
Units 1 and 2
Docket Nes. 50-36%, 50-370

Dear Mr. Denton:

Duke Power Company is filing herewitch Amendment No. 53 to its Applicatiun

for Licenses for the McGuire Nuclear Staticn which is under censtruction pursuant
to Construction Permits CPPR=83 and -84. This filing includes three signed
original copies of the amendment witn an attachmert entitlied, '"Revision 35°

to the Final Safety Analvsis Repor:.'' This filing aiso inciudes 15 additional
conformed copies of the amendment with an additiona! 45 copies of Revision 33

to the Final Safety Analysis Report.

The purpose of Amenament 59 is to revise the FSAR to include the response

to Mr. Rober: L. Baer's letter of November 6, 19738 concerning tne fuel dullding
ventilation system. Also included in this amendment are descriptions of severzi
design charges that have been made including:

al Deletion of part length contrci rods

b) Revised instrumentation fnr main steam line breax protection

¢} Addition of load follow capability (modified D bank configuration'
Other miscellaneous revisions to the FSAR are also included.

Copies of this Amendment 55 “ave beer distributed in accorcance with the re-

quirements of Part 2,101 of the Commission's regulations and the instructions
contained in Mr, Roger S. Boyd's letter of August &, 1976.

/}éggectfully Suizbéféat‘-\_\\\

;‘..-A.- ca . L I;._.
Witliam C, Parker, Jr. .
-
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M+, Harold R. Dention
Page 2
December 21, 1978

WILLIAM 0. PARKER, JR., being duiy sworn, states that he ‘s Vice President
of Duke Power Company; that he is authorized on the part of said Company

to sign and file with the Nuclear Regulatory Commission this Amendment 5%
to its application and documents appended thereto; and that all statements
and matters set forth therein are true and correct to the best of his
knowledge. *

-/ I3 —/’ R
/ . T /J. ,J~_k‘__ a

WiTlTam 0. Parkar, Jr., Uike President

s
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Subscribed and sworn to before me this 21st day of December, 1578.
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/ o A j‘,_ -
- = F AW RE

Vivian B. Robbins, Notary Fublic
(Notarial Szal)

My Commission Expires:

Fepruary 15. 1952
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4.0 REACTOR
S

L. SUMMARY DESCRIPT!ION

This chapter describes 1) the mechanical components of the reactor and reactor
core including the fuel rods and fuel assemblies, reactor internals, and the
control rod drive mechanisms, 2) the nuclear design, and 3) the thermal-hydraulic
design.

The reactor core is comprised of an array of fuel assemblies which are identical
in mechariical design, but different in fuel enrichment. Three enrichments are
employed in the initial core.

The core is cocled and moderated by light water at a pressure of 2250 psia in
the Reactor Coolant System. The moderator coolant contains boron as a neutron
poison. The concentration of boron in the coolant is varied as required to
contrc! relatively slow reactivity changes including the effects of fuel burnup.
Additional boron, in the form of burnable pocison rods, is employed in the first
core to establish the desired initial reactivity.

Two hundred and sixty-four fuel rods are mechanically joined in a square array
to form a fuel assembly. The fuel rods are supported in intervals along their
length by grid acsemblies which maintain the lateral spacing between the rods
throughout the design 1ife of the assembly. The grid assembly consists of an
‘"egg-crate'' arrangement of interlocked straps. The straps contain spring
fingers and dimples for fuel rod support as well as coolant mixing vanes. The
fuel rods consist of slightly enriched uranium dioxide ceramic cylindrical
pellets contained in slightly cold worked Zircaloy-4 tubing which is plugged

and seal welded at the ends to encapsulate the fuel. All fuel rods are pressurized

with helium during fabrication to reduce stresses and strains to increase fatigue
life.

The center position in the assembly is reserved for the in-core instrumentation,
while the remaining 24 positions in the array are equipped with guide thimbles
joined to the grids and the top and bottom nozzles. Depending upon the position
of the assembly in the core, the guide thimbles are used as core locations for
rod cluster control assemblies, neutron source assemblies, and burnable poison
rods. Otherwise, the guide thimbles are fitted with plugging devices to limit
bypass flow.

The bottom nozzle ic & box-like structure which serves as a bottom structural
element of the fuel assembly and directs the coolant flow distribution to the
assembly.

The top nozzle assembly functions as the upper structura! element of the fuel
assembly in addition to providing & partial protective housing for the rod
cluster control assembly or other components.

The rod cluster control assemblies each consist of a group of individual
absorber rods fastened at the tup end to a common hub or spider assembiy.
The rods in these assemblies contain absorber material to control the
reactivity of the core under opgrating gonditions to control axial power
distribution.

§.1-1 Revision 35
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The control rod drive mechanisms for the full length rod cluster control
assemblies are of the magnetic latch type. The latches are controlled by
three magnetic coils. They are so designed that upon a loss of power to

the coils, the rod cluster control assembly is released and falls by gravity
to shutdown the reactor.

The control rod drive mechanisms ror the part length control rods are no
longer used since the part length rods have Leen removed.

The components of the reactor internals are divided into three parts consisting

of the lower core support structure (including the entire core barrel and neutron
shield pad assembly), the upper core support structure and the in-core
instrumentation support structure. The reactor internals support the core,
maintain fuel alignment, limit fuel assembly movement, maintain alignment between
fuel assemblies and control rod drive mechanisms, direct coolant flow past the fuel
elements and to the pressure vessel! head, provide gamma and neutron shielding,

and provide guides for the in-core instrumentation.

The nuclear design analyses and evaluation establish physical locations for
control rods and burnable poisons and physical parameters such as fuel enrichments
and boron concentration in the coolant such that the reactor core has inherent
characteristics which together with corrective actions of the reactor control,
protective and emergency cooling systems provide adequate reactivity control

even if the highest reactivity worth rod cluster control assembly is stuck in

the fully withdrawn position.

The design also provides for inherent stability against diametral and azimuthal
power oscillations and for control of induced axial power oscillaticns through
the use of the full length control rods.

The thermal-hydraulic design analyses and evaluation establish coolant flow
parameters which assure that adequate heat transfer is assured between the

fuel cladding and the reactor coolant. The thermal design takes into account
local variations in dimensions, power generation, flow distribution and mixing.
The mixing vanes incorporated in the fuel assembly spacer grid design induces
additional flow mixing between the various flow channels within a fuel assembly
as well as between adjacent assemblies.

Instrumentation is provided in and out of the core to monitor the nuclear,
thermal-hydraulic, and mechanical performance of the reactcr and to provide
inputs to automatic control functions.

The reactor core design together with corrective actions of the reactor contrcl
protection and emergency cooling systems can meet the reactor performance and
safety criteria specified in Section 4.2.

To illustrate the effects of the change in fuel design, Table 4.1-1 presents a
comparison of the principal nuclear, thermal-hydraulic and mechanical design
parameters between McGuire Units | and 2 and the reference plant, both with

17 x 17 fuel assemblies including fuel densification effect.

b.1-
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| The effects of fuel densification for standard Westinghouse fuel were evaluated

with the methods described in Reference 1. |If fuel is produced for the McGuire
units by means other than those which formed the basis for Reference 1, specifi-

| cations are followed to ensure that the effects of densification would be no
| greater than has been allowed for in the design. The specifications for quanti-

fying the extent of densification are baszd on the NRC draft regulatory guide

| on fue! densification, Reference 2.

The analysis techniques employed in the core design are tabulated in Table 4.1-2.
The loading conditions considered in general for the core internals and components
are tabulated in Table 4.1-3. Specific or limiting loads considered for design
purposes of the various components are listed as follows: fuel assemblies in Sub-
division 4.2.1.1.2; reactor internals in Subdivision 4.2.2.3 and Subsection 5.2.1;
neutron absorber rods, burnable poison rods, neutron source rods and thimble

plug assemblies in Subdivision 4.2.3.1.3; full-length control rod drive
mechanisms in Subdivision 4.2.3.1.4. The dynamic analyses, input forcing func-
tions, and response loadinygs are presented in Section 3.9.

b.1.1 REFERENCES

. Hellman, J. M., (Ed.), Fuel Densifi.szion Experimental Results and Model
for Reactor Application, WCAP-8219, Octuber 1973.

2. Core Performance Branch, U. S. Nuclear Regulatory Commission, '""The Analysis
of Fuel Densification, Draft, November 1975.
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4.2 MECHANICAL DESIGN

The unit conditions for design are Ffivided into four categories in accordance
with their anticipated frequency of oczurrence and risk to the public: Condition
| - Normal Operation; Condition Il - Incidents of Moderate Frequency; Condition
11l = Infrzquent Incidents; Condition IV - Limiting Faults.

The reactor is designed so that its components meet the following performance
and safety criteria:

|. The mechanical design of the reactor core components and their physical
arrangement, together with corrective actions of the reactor control,
protection, and emergency cocling systems (when appliicable) assure that:

|. Fuel damage* is not expected during Condition | and Condition 11
events. It is not possible, however, to preclude a very small
number of rod failures. These are within the capability of the
unit cleanup system and are consistent with the unit design bases.

b. The reactor can be brought to a safe state following a Condition
I1l event with only a small fraction of fuel rods damaged* although
sufficient fuel damage might occur to preclude resumption of operation
without considerable outage time.

¢. The reactor can be brought to a safe state and the core can be
kept subcritical with acceptable heat transfer geometry following
transients arising from Condition IV events.

2. The fuel assemblies are designed to accommodate expected conditions
for design for handling during assembly inspection and refueling operations
and shipping loads.

3. The fuel assemblies are designed to accept contrcl rod insertions in
order to provide the required reactivity control for power operations
and reactivity shutdown conditions.

4, All fuel assemblies have provisions for the insertion of in-core
instrumentation necessary for unit operation.

5. The reactor internals in conjunction with the fuel assemblies direct
reactor coolant through the core to achieve acceptable flow distribution
and to restrict bypass flow so that the heat transfer performance
requirements can be met for all modes of coperation. |In addition, the
internals provide core support and distribute coolant flow to the
pressure vessel head so that the temperature differences between the
vessel flange and head do not result in leakage from the flange during
the Condition | and || modes of operation. Reguired in-service inspection
can be carried out as the internals are removable and provide access
to the inside of the pressure vessel.

*Fuel Damage as used here is defirned as penetration of the fission
procduct barrier (i.e. the fuei rod clad).

4.2-1 Revisicn 3
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Allowable Deflections

For normal operating conditions, downward vertical deflection of the lower
core support plate is regligible.

For the loss of coolant accident plus the 1/2 safe shutdown earthguake
condition, the deflection criteria for critical internal structures are the
limiting values given in Table 4.2.2-1. The corresponding no loss of
function limits are included in Table 4.2.2-1 for comparison purposes with
the allowed criteria.

The criteria for the core drop accident are based upon analyses which have
been performed to determine the tota! downward displacement of the internal
structures following a hypothesized core drop resulting from loss of the
normal core barrel supports. The initial clearance between the secondary

core support structures and the reactor vessel lower head in the hot condition
is approximately one half inch. An additional displacement of approximately
3/4 inch would occur due to strain of the energy absorbing devices of the
secondary core support; thus the total drop distance is about 1-1/4 inches
which is insufficient to permit the grips of the rod cluster control assembly
to come out of the guide thimble in the fuel assemblies.

Specifically, the secondary core support is a device which will never be
used, except during a hypothetical accident of the core support (core barrel,
barrel flange, etc.). There are 4 supports in each reactor. This device
limits the fall of the core and absorbs the energy of the fall which
otherwise would be imparted to the vessel. The energy of the fall is
calculated assuming a complete and instantaneous failure of the primary co. e
support and is absorbed during the plastic deformation of the controlled
volume of stainless steel, loaded in tension. The maximum deformation of
this austenitic stainless piece is limited to approximately 15 percent,

after which a positive step is provided to insure support.

For additional information on design loading categories, see Section 3.9.

§.2.2.5 Design Criteria Basis

The basis for the design stress and deflection criteria is identified below:

Allowable Stress

For normal operating conditions, Section Ill of the ASME Nuclear Power Plant
Component Code is used as a basic¢ for evaluating acceptability of calculated
stresses. Both static and alternating stress intensities are considered.

Under code case 1618 bolt material type 316 Stainless Steel is now covered in

ASME Section 11! and is so treated. It should be noted that the allowable
stresses in Section 111 of the ASME Code are based on unirradiated material
properties. In view of the fact that irradiation increases the strength

of the 304 stainless steel used for the internals, although decreasing its
elongation, it is considered that use of the allowable stresses in Section
111 is appropriate and conservative for irradiated internal structures.

L, 2-28 Revision 3
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The allowable stress limits during the design basis accident used for the
core support structures are based on the January 1271 draft of the ASME Code
for Core Support Structures, Subsection NG, and the Criteria for Faulted
Conditions.

b.2.3 REACTIVITY CONTROL SYSTEM

L.2.3.1 Lesign Bases

Bases for temperature, stress on structural members, and material compatibility
are imposed on the design of the reactivity control components.

.2.3.0:1 Design Stresses

The reactivity control system is designed to withstand stresses originating
frem various operating conditions as summarized in Table 5.2.1-2.

Allowable Stresses: For normal operating conditions Section I!l of the ASME
30iler and Pressure Vessel Code is used. Al components are analyzed as
Class | components under Article NB-3000.

Dynamic Analysis: The cylic stress due to dynamic loads and deflecticns
are combined with the stresses imposed by loads from component weights,
hydraulic forces and tnermal gradients for the determination of the total
stresses of the reactivity control system.

8.2.3:0 2 Material “ompatibility

Materials are selected for compatibility in a Pressurized Water Reactor
environment, for adequate mechanical properties at room and operating
temperature, for resistance to adverse property changes in a radioactive
environment, and for compatibility with interfacing components.

4.2.3.1.3 Reactivity Control Components

The reactivity control components are subdivided into two categories:

1. Permanent devices used to control or monitor the core and,

2. Temporary devices used to control or monitor the core.

The permanent type components are the full-length rod cluster

control assemblies, control rod ¢rive assemblies, neutron source assemblies,
and thimble plug assemblies. Although the thimble plug assembly does not
directly contribute to the reactivity control of the reactor, it is presented
as a reactivity control system component in this document because it ic needed

to restrict bypass flow through those thimbles not occupied by absorber,
source or burnable poison rods.

b.2-29 Pevision 35




The temporary component is the burnable poison assembly which is normally
used only in the initial cc:e The design bases for each of the mentioned
components are in the following paragraphs.

Absorber Rods

The following are considered desigr conditions under Article NB-3000 of
the ASME Boiler and Pressure Vessel Coae Section Ill. The control rod
which is cold rolled 304 stainless is the only non code material used in
the control rod assembly. The stress intensity limit Sm for this material
is defined at 2/3 of the 0.2% offset yield stress.

|. The external pressure equal to the Reactor Coolant System operating
pressure.

2. The wear allowance equivalent to 1,000 reactor trips.
3. Bending of the rod due to a misalignment in the guide tube.
4, Forces imposed on the rods during rod drop.

5. Loads caused by accelerations imposed by the control rod drive
mechanism.

6. Radiation exposure for maximum core life.

The absorber material temperature shall not exceed its melting temperature
(1470 F for Ag-In-Cd absorber material) (Reference 13).

Burnable Poison Rods

The burnable poison rod clad is designed as a class | component under Article
NB-3000 of the ASME Boiler and Pressure Vessel Code, Section Ill, 1873 for
Conditions | and I1. For abnormal loads during Conditions 11| and IV code
stresses are not considered limiting. Failures of the burnable poison rods
during these conditions must not interfere with reactor shutdown or emergency
cooling of the fuel rods.

The burnable poison absorber material is non-structural. The structural
elements of the burnable poison rod are designed to maintain the absorber
geometry even if the absorber material is fractured. The rods are designed
so that the absorber material is below its softening temperature (1492 F*
for reference 12.5 w/o boron rods). In addition, the structural elements
are designed to prevent excessive slumping.

Neutron Source Rods

The neutron source rods are designed to withstand the following:

* Borosilicate glass is accepted for use in burnable poison rods if the
softening temperature is 1510 + 1€ F. The softening temperature is
defined in ASTM C338.
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|. The external pressure equal to the Reactor Coclant System operating
pressure and

| 2. An internal pressure equal to the pressure generated by released gases

over the source rod life.

Thimble Plug Assembly

The thimble plug assemblies satisfy the following:

|. Accommodate the differential thermal expansion between the fuel assembly
and the core internals,

Maintain positive contact with the fuel assembly and the core internals.

ro

3. Be inserted into or withdrawn from the fuel assembly by a force not exceeding
25 pounds.

L. Provide a flow path from the bottom of the UHI to the fuel assemblies
during a postulated LOCA.

4.2.3.1.4 Control Rod Crive Mechanisms

The mechanisms are Class | components designed tc meet the stress requirements
for normal operating conditions of Section Il of the ASME Boiler and Pressure
Vessel Code. Both static and alternating stress intensities are corsidered.
The stresses originating from the required design transients are included in
the analysis. See Subdivision 5.2.1.5 for transient details.

A dynamic seismic analysis is required on the full length contrcl rod drive
mechanism when a seismic disturbance has been postulated to confirm the ability
of the mechanism to meet ASME Code, Section II| allowable stresses and to
confirm its ability to trip when subjected to the seismic disturbance.

The control rod drive mechanism (CRDM) design used for the 17%17 fuel assembly
control rod is identical to the 15X15 control rod drive mechanism. The seismic
analysis and response of the 17X17 control rod drive mechanism will be identical
to those of the 15X15 mechanism.

Full Lenath Control Rod Orive Mechanism Operational Reguirements

The basic operational requirements for the full length control rod drive
mechanisms are:

1. 5/8 inch step,

2. 150 inch travel,

s}

160 pound maximum load,
4. Step in or out at 45 inches/min (72 steps/min),

Power interruption shall initiate reiease of drive rod assembly,

un
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Trip delay of less than ]50 ms - Free fall of drive rod assembly shall
begin less than ]50 ms after power interruption no matter what holding
or stepping action is being executed with any load and coolant
temperatures of 100°F to 550°F.

7. 4O year design life with normal refurbishment,

8. 28,000 complete travel excursions which is ]3 x 10 steps with normal
refurbishment.

k.2.3.2 Design Description

Reactivity control is provided by neutron absorbing rods and a soluble chemical
neutron absorber (boric acid). The boric acid concentration is varied to
contro! long-term reactivity changes such as:

).

y

Fuel depletion and fission product buildup.
Cold to hot, zero power reactivity change.

Reactivity change produced by intermediate-term fission products such as
xenon and samarium.

Burnable poison depletion.
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Chemical and Volume Control is covered in Subsection 9.3.4.
The rod cluster contrcl assemblies provide reactivity control for:
1. Shutdown.

2. Reactivity changes due to coolant temperature changes in the
power range.

3. Reactivity changes associated with the power coefficient of reactivity.
L, Reactivity changes due to void formation.

The first fuel cycle contains more excess reactivity than subsequent cycles

due to the loading of all fresh (unburned) fuel. |If soluble boron were the
sole means of control, the moderator temperature coefficient would be positive.
It is desirable to have a negative moderator temperature coefficient throughout
the entire cycle in order to reduce possibie deleterious effects caused by

a positive coefficient during loss of coclant or loss of flow accidents.

This is accomplished by installation of burnable poison assemblies.

The neutron source assen. | ies provide a means of monitoring the core during
periods of low neutron activity.

The most effective reactivity control components are the full

length rod cluster contrnl assemblies and their corresponding drive rod
assemblies which are the only kinetic parts in the reactor. Figure 4.2.3-1
identifies the full length rod cluster contrcl and drive rod assembly, in
addition to the arrangement of these components in the reactor relative to
the interfacing fuel assembly, guide tubes, and control rod drive mechanism.
in the following paragraphs, each reactivity control component is described
in detail.

The guidance system for the full-length control rod cluster is

provided by the guide tube as shown in Figure 4.2.3-1. The guide tube
provides two regimes of guidance. 1) In the lower section a continuous
guidance system provides support immediately above the core. This system
protects the rod against excessive deformation and wear due to hydraulic
loading. 2) The region above the continuous section provides support and
guidance at uniformly spaced intervals.

The envelope of support is determined by the pattern of the control rod cluster
as shown in Figure 4.2.3-2. The guide tube assures alignment and support of
the control rods, spider body, and drive rod while maintaining trip times at

or below regquired limits.

5.2.3.2.1 Reactivity Control Components

Full Length Rod Cluster Contro! Assembly

The full length rod cluster control assemblies are divided into two categories:
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so that alignment between rods and thimbles is always maintained. Since
the rods are long and slender, they are relatively free to conform to any
small misalignments with the guide thimble.

Burnable Poison Assembly

Each burnable poison assembly consists of burnable poison rods attached to
a hold down assembly. Burnable poison assemblies are shown in Figure 4.2.3-5.

The poison rods consist of borosilicate glass tubes contained within Type

304 stainless steel tubular cladding which is plugged and seal welded at

the ends to encapsulate the glass. The glass is also supported along the
length of its inside diameter by a thin wall tubular inner liner of Type

304 stainless steel. The top end of the liner is open to permit the di ffused
helium to pass into the void volume and the liner overhangs the glass. The
liner has an outward flange at the bottom end to maintain the position of

the liner with the glass. A typical burnable poison rod is shown in
longitudinal and transverse cross-sections in Figure 4.2.3-6.
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Full Lenath Control Rod Drive Mechanism

Control rod drive mechanisms are located on the dome of the reactor vessel.
They are coupied to rod control clusters which have absorber material over

the entire length of the control rods and derive their name from this feature.
The full length control rod drive mechanism is shown in Figure 4.2.3-10 and
schematically in Figure 4.2.3-11,

The primary function of the full length control rod drive mechanism is to
insert or withdraw rod control clusters within the core to control average
core temperature and to shut down the reactor.

The full length control rod drive mechanism is a magnetically operated jack.

A magnetic jack is an arrangement of three electro-magnets which are energized
in a controlled sequence by a power cycler to insert or withdraw rod control
clusters in the reactor core in discrete steps.

The control rod drive mechanism consists of four separate subassemblies.
They are the pressure vessel, coil stack assembly, the latch assembly, and
the drive rod assembly,

1. The pressure vessel includes a latch housing @ rod travel housings
which are connected by a threaded, seal welded, maintenance joint which
facilitates replacement of the latch assembly. The closure at the top
of the rod travel housing is a threaded plug with a canopy seal weld
for pressure integrity.

The latch housing is the lower portion of the vessel and contains the
latch assembly. The rod travel housing is the upper portion of the
vessel and srovides space for the «drive rod during its upward movement
as the contrul rods are withdrawn from the core.

- 5 The coil stack assembly includes the coil housing, an electrical condiut
and connector, and three operating coils; 1) the stationary gripper
coil, 2) the moveable gripper coil, and 3) the lift coil.

The coil stack assembly is a separate unit which is installed on the
drive mechanism by sliding it over the outside of the latch housing.
It rests on the base of the latch housing without mechanical attachment.

Energizing of the operation coils causes movement of the pole pieces
and latches in the latch assembly.

3. The latch assembly includes the guide tube, stationary pole pieces,
moveable pole pieces, and two sets of latches; 1) the moveable gripper
latch, and 2) (he stationary gripper latch.

The latches engage grooves in the drive rod assembly. The moveable
gripper latches are moved up of down in 5/8 inch steps by the lift pole
to raise or lower the drive rod. The stationary gripper latches hold
the drive rod assembly while the moveable gripper latches are
repositioned for the next 5/8 inch step.

b, The drive rod assembly includes a flexible coupling, a drive rod, a

disconnect button, a disconnect rod, and a locking button.
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The drive rod has 5/8 inch grooves which receive the latches during
holding or moving of the drive rod. The flexible coupling is attached
to the drive rod and produces the means for coupling to the rod control
cluster assembly.

The disconnect button, disconnect rod, and locking button provide
positive locking of the coupling to the rod control cluster assembly
and permits remote disconnection of the drive rod.

The control rod drive mechanism is a trip design. Tripping can occur during
any part of the power cycler sequencing if power to the coils is interrupted.

The control rod drive mechanism is threaded and seal welded on an adaptor
on top of the raactor vessel and is coupled ton the rod control cluster assembly
directly below.

The mechanism is capable of handling a 360 pound load, including the drive rod
weight, at a rate of 45 inches/minute. Withdrawal of the rod control cluster
is accomplished by magnetic forces while insertion is by gravity.

The mechanism internals are designed tc operate in 650°F reactor coolant.

The pressure vessel is designed to contain reactor coolant at 6500F and 2500
psia. The three operating coils are designed to operate at 3920F with forced
air cooling required tc maintain that temperature.

The full length control rod drive mechanism shown schematically in Figure
4.2.3-11 withdraws and inserts its control rod as electrical pulses are received
by the operator coils. An ON or OFF sequence, repeated by silicon controlled
rec.ifiers in the power programmer, causes either withdrawal or insertion

of the control rod. Position of the control rod is measured by 42 discrete
coils mounted on the position indicator assembly surrounding the rod travel
housing. Each coil magnetically senses the entry and presence of the top

of the ferro-magnetic drive rod assembly as it moves through the coil center
line.

During unit operation the stationary gripper coii of the drive mechanism
holds the control rod withdrawn from the core in a static position until the
moveble gripper coil is energized.

Rod Cluster Control Assembly Withdrawal

The control rod is withdrawn by repetition of the following sequence of events:
]. Movable Gripper Coil (B) - ON
The latch locking plunger raises and swings tne movable gripper lafches

into the drive rod assembly groove. A 1/16 inch axial clearance exists
between the latch teeth and the drive rod.

r

Staticnary Gripper Coil (A) - GUFF

The force of gravity, acting upon the drive rod assembly and attached
control rod, causes the stationary gripper latches and plunger to move

4.2-39 Revision 3
New Page



35

If power to the stationary gripper coil is cut off, the combined weight of
the drive rod assembly and the rod cluster contrcl assembly is sufficient

to move latches out of the drive rod assembly groove. The control rod falls
by gravity into the core. The trip occurs as the magnetic field, holding
the stationary gripper plunger half against the stationary gripper pole,
collapses and the stationary gripper plunger half is forced down by the
weight acting upon the latches. After the drive rod assembly is released
by the mechanism, it falls freely until the control rods enter the buffer
section of their thimble tubes.
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The rotational energy is supplied in sequential pulses to the armature which
rotates directionally 15 degrees per pulse as controlled by the power supply.

k.2.3.3 Design Evaluation

4.2.3.3.1 Reactivity Control Components

The components are analyzed for loads corresponding to normal, upset, emergency
and faulted conditions. The analysis performed depends on the mode of operation
under consideration.

The scope of the analysis requires many different techniques and methods, both
static and dynamic.

Some of the loads that are considered on each component where applicable are
as foliows:

Control Rod Scram (equivalent static load)
Differential Pressure

Spring Preloads

Coolant Flow Forces (static)

Temperature Gradients

Differences in thermal expansion

a. Due to temperature differences

b. Due to expansion of different materials
Interference between components

. Vibration (mechanically or hydraulically induced)
. All operational transients listed in Table 5.2.1-2
0. Pump Overspeed

1. Seismic Loads (Safe shutdown earthquake and 1/2 safe shutdown earthquake).

Y W N -

- = D 0O~J

The main objective of the analysis is to satisfy allowable stress limits,

to assure an adequate design margin, and to establish deformation limits which
are concerned primarily with the functioning of the components. The stress
limits are establisned not only to assure that peak stresses will not reach
unacceptable values, but also limit the amplitude of the oscillatory stress
component in consideration of fatigue characteristics of the materials.
Standard methods of strength of meterials are used to establish the stresses
and deflections of these components for the control rod drive mechanism.

These stress limits are established by their manufacturer and translated into
allowabie bending moments which may result from a seismic disturbance. Verifi-
cation is then provided that earthquake induced bending moments are below the
maximum toleraple umbrella described above. The analytical procedure used for
this verification is a normal mode/seismic response spectrum linear analysis
of a lumped parameter finite element model of the CRDM system. A typical
comparison for the system is given in Figure 4.2.3-15. The dynamic behavior
of the reactivity control components has been studied using experimental test
data (D-loop, Section 1.5) and experience from operating reactors.

The design of reactivity component rods provides a sufficient cold void

volume within the burnable poison and source rods to limit the internal
pressures to a value which satisfies the criteria in Subdivision 4.2.3.1.
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The void volume for the helium in the burnable poison rods is obtained through
the use of glass in tubular form which provides a central void along the
length of the rods. Helium gas is not released by the neutron absorber rod
material thus the absorber rod only sustains an external pressure during
cperating conditions. The internal pressure of source rods continues to
increase from ambient until end of life at which time the internal pressure
never exceeds that allowed by the criteria in Subdivision 4.2.3.1. The stress
analysis of reactivity component rods assumed 100% gas release to the rod

void volume, considers the initial pressure within the rod, and assumes the
pressure external to the component rod is zero.
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Based on available data for properties of the borosilicate glass and on
nuclear and thermal calculations for the burnable poison rods, gross swelling
or cracking of the glass tubing is not expected duringoperation. Some minor
creep of the glass at the hot spot on the inner surface of the tube could
occur but would continue only until the glass came in contact with the inner
liner. The wall thickness of the inner liner is sized to provide adequate
support in the event of slumping and to collapse locally before rupture of
the exterior cladding if unexpected large volume changes due to swelling or
cracking should occur. The top of the inner liner is open to allow communi-
catior to the central void by the helium which diffuses out of the glass.

Sufficient diametral and end clearances have been provided in the neutron
absorber, burnable poison, and source rods to accommodate the relative thermal
expansions between the enclcsed material and the surrounding clad and end
plugs. There is no bending or warping induced in the rods although the
clearance offered by the guide thimble would permit a postulated warpage to
occur without restraint on the rods. Bending, therefore, is not considered
in the analysis of the rods. The radial and axial temperature profiles
have been determined by considering gap conductance, thermal expansion, and
neutron and/or gamma heating of the contained material as well as gamme
heating of the clad. The maximum neutron absorber material temperature was
found to be less then 850°F which occurs axially at only the highest lux
region. The maximurny borosilicate glas. temperature was calculated to be
about 1200°F and takes place following the initial rise to paower. The
glass temperature then decreases rapidly for the following reasons: 1)
reduction in power generation due to B depletion; 2) better gap conduc~
tance as the helium produced diffuses to the gap; and 3) external gap
reduction due to borosilicate glass creep. Rod, guide thimble, and dashpot
flow analysis performed indicates that the flow is sufficient to prevent
coolant boiling and maintain clad temperatures at which the clad material
has adequate strength to resist coolant operating pressure and rod internal
pressures.

Analysis on the full length rod cluster control spider indicates the spider
is structurally adequate to withstand the various operating loads including
the higher loads which occur during hte drive mecharism stepping action and
rod drop. Experimental verification of the spider structural capability is
planned (see Section 1.5).

The materials selected are considered to be the best available from the stand
point of resistance to irradiation damage and compatibility to the reactor
environment. The materials selected partially dictate the reactor environment

. (e.g., C1 control in the coolant). The current design type reactivity controls
have been inservice for as much as six years with no apparent degradation of

construction materials.

With regard to the material of construction exhibiting satisfactory resistance
to adverse property changes in a radioactive environment, it should be ncted
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That work or breeder reactors in current desiagn utilize similar materials.

At high fluences the austenitic materials increase in strength with a corres-
ponding decreased ductility (as measured by tensile tests) but energy absorp-
tion {(as measured by impact tests) remain quite high. Corrosion of the
materials exposed to the coolant is quite low and proper control of Cl and 0,
in the coolant will prevent the cccurrence of stress corrosion. All of the
austenitic stainless steel base materials used are processed and fabricated

to preclude sensitization. Although the control rod spiders are fabricated by
furnace prazing, the procedure used requires that the pieces be rapidly cooled
so that the time-at-temperature is minimized. The time that is spent by the
control rod spiders in the sensitization range, 800 - 1500°F, is not more than
0.2 hours, as & maximum, during fabrication to preclude sensitization. The _
17-4 PH parts are 311 aged at the highest standard aging temperature of 1100 F
to avoid stress corrosion problems exhibited by aging at lower temperatures.

Analysis of the full length rod cluster control assemblies show

that if the drive mechanism housing ruptures the rod cluster control assembly
will be ejected from the core by the pressure differential of the operating
pressure and ambient pressure across the drive rod assmeblv. The ejection

is also predicted on the failure of the drive mechanism to retain the drive
rod/rod cluster control assem.iy position. |t should be pointed out that a
drive mechanism housing rupture will cause the ejection of only one rod cluster
contro! assembly with the other assemblies remaining in the core. Analysis also
showed that a pressure drop in excess of 4000 psi must occur across a two-
fingered vane to break the vane/spider body joint causing ejection of two
neutron absorber rods from the core. Since the greatest pressure of the
primary system coolant is only 2250 psi, a pressure drop in excess of 4000 psi
could not be expected to occur. Thus, the ejection of the neutron absorber
rods is not possible.

Ejection of a burnable poison or thimble plug assembly is conceivable based
on the postulation that the hold down bar fails and that the base plate and
burnable poison rods are severely deformed. In the unlikely event that
failure of the hold down bar occurs, the upward displacement of the burnable
poison assembly only permits the base plate to contact the upper core plate.
Since this displacement is sma'l, the major portion of the borosilicate glass
tubing remains positioned within the core. In the case of the thimble plug
assembly, the thimble plugs will partially remain in the fuel assembly guide
thimbles thus maintaining a majorifty of the desired flow impedance. Further
displacement or complete ejection would necessitate the square base plate and
burnable poison rods be forced, thus plastically deformed, to fit up through
a small diameter hole. It is expected that this condition requires a
substantially higher force or pressure drop than that of the hold down bar
failure.

Experience with control rods, burnable poison rods, and source rods is dis=
cussed in Reference 3.

The mechanical design of the reactivity control components provides for the
protection of the active elements to prevent the loss of control capability
and functional failure of critical components., The components have been
reviewed for potential failure and consequences of a functional failure of
critical parts. The results of the review are summarized below.
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Length Rod Cluster Control Assembly

The basic absorbing material is sealed from contact with the primary
coolant and the fuel assembly and guidance surfaces by a high quality
stainless steel clad. Potential loss of absorber mass or reduction
in reactivity control material due to mechanical or cheiiical erosion
or wear is therefore reliably prevented.

A breach of the cladding for any postulated reason does not result in
serious consequences. The absorber material silver-indium-cadium is
relatively inert and would still remain remote from high coolant
velocity regions, Rapid loss of material resulting in significant loss
of reactivity control material would not occur.

The individually clad absorber rods are doubly secured to the retaining
spider vane by a threaded joint and a welded lock pin. No failure of
this joint has ever been experienced in functional testing or in years
of actual service in operating plants such as San Onofre, Connecticut
Yankee, Zorita, Beznau No. 1, Robert Emmett Ginna, etc.

it should also be noted that in several instances of control rod jamming
caused by foreign particies, the individual rods at the site of the jam
have borne the full capacity of the control rod drive mechanism and
higher impact loads to dislodge the jam without failure. The guide tube
card/thimble arrangement is such that large loads are required to buckle
individual control rods. The conclusion to be drawn from this
experience is that this joint is extremely insensitive to potential
mechanical damage. A failure of the joint would result in the insertion
of the individual rod into the core. This results in reduced reactivity
which is a fail safe condition.

The spider finger braze joint by wich the individual rods are fastened
to the vanes has also experienced the service described above and been
subjected to the same jam freeing procedures also without failure. A
failure of this joint would also result in insertion of the individual
rod into the cora.

The radial vanes are attached to the spider body, again Ly a brazed joint.
The joints are designed to a theoretical strength in excess of that of
the components joined.

It is a feature of the design that the guidance of the rod cluster
control is accomplished by the inner fingers of tnese vanes. They are
therefore the mcst susceptible to mechanical damage. Since these vanes
carry two rods, failure of the vane-to-hub joint such as the isolated
incidents at Connecticut-Yankee does not prevent the free insertion of
the rod pair (Reference 3). Neigher does such a failure interfere with
the continuous free operation of the drive line, also as experienced at
Connecticut-Yankee (Reference3).
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Failure of the vane-to-hub joint of a single roc vane could potentially
result in failure of the separated vane and rod to insert. This could
occur only at withdrawa! elevations where the spider is above the
continuous guidance section of the guide tube (in the upper internals).

A rotation of the disconnected vane could cause it to hang on one of

the guide cards in the intermediate guide tube. Such an occurrence would
be evident from the failure of the rod cluster control to insert below

a certain elevation but with free motion above this point.

Thic possibility is considered extrencly remote because the single rod
vanes are subjected to only vertical lcads and very light lateral
reacticns from the rods. The laterai loads are light even during a
seism'c event because the guide ture/guide thimble arrangement allows
very limited lateral motion. The cunsequences of such a failure are not
considered critical since only one drive line of thre reactivity control
system would be involved. This condition is readily cbserved and can

be cleared at shutdown. Furthermore, this has never occurred.

€. The spider huv being of single unit cylindrical construction is very
rugged and of extremely low potential for damage. It is difficult to
postulate any condition to cause failure. Should some unforeseen event
cause fracture of the hub above the vanes, the lower portion with the
vanes and rods attached would insert by gravity into the core causing
reactivity decrease. The rod could then not be removed by the drive
line, again a fail safe condition. Fracture below the vanes cannot be
postulated since all loads, including scram impact, are taken above the
vane elevation.

7. The rod cluster control rods are provided a clear channel! for insertion
by the gui< thimbles of the fuel assemblies. All fuel rod failures
are prctected against by providing this physical barrier jetween the
fuel rod and the intended insertion channel. Distortion of the fuel
rocds by bending cannot apply sufficient force to damage or significantly
distort the guide thimble. Fuel rod distorticn by swel!ling, though
p-ecluded by design, would be terminated by fracture before contact
with the guide thimble occurs. |f such were not the case, it would be
expected that a force reaction at the peoint of contact would cauvse a
slight deflection of the guide thimble. The radius of curvature of the
deflected shape of the guide thimbles woulcd be sufficiently large to have
a negligible influence on rod cluster control insertion.

Burnable Pcison Assemblies

The burnable poison assemblies are static temporary reactivity contro! elements.
The axial position is assured by the hold down assemblv which bears against

the upper core plate. Their lateral position is maintained by the guide
thimbles cf the fuel assembiies.

The individual rods are snoulcered against the uncerside of the retainer plate
and securely fastened at the top by & threaded nut which i3 ther locked in
place by a welded pin. The square dimensicn of the retainer plate is larger

than tr. diameter of the flow hcles through the core plate. Failure of the
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hold down bar or spring pack therefore does not result in ejection of the
burnable poison rods from the core.

The only incident that couldpotentially result in ejection of the burnable
poison rods is a multiple fracture of the ret:.ner plate. This is not
considered credibie because of the ight loads borne by this component.
During normal operation the loads borne by the plate are approximately 5 1b/
rod or a total of 100 15, distributed at the points of attachment. Even a
multiple fracture of the retainer piate would result in jamming of the plate
segments agianst the upper core plate, again preventing ejection. Excessive
reactivity increase due to burnable poicon ejection is therefore prevented.

The same type of stainless steel clad used on rod cluster controls is also
used on the burnable poison rods. In this application there is even less
susceptibility to mechanical damage since these are static assemblies. The
gquide thimbles of the fuel assembly afford the same protection from damage
due to fuel rod failures as that described for the rod cluster control rods.

The consequences of clad breach are also similarly small. The poison material
is borosilicate glass which is maintained in position by a central hollow
tube. In the event of a hole developing in the clad for any postulaied reason
the expected consequence is only the loss of the helium produced by the
abosrption process into the primary coolant. The glass is chemically inert
and remains remote from high coolant velocities, therefore significant loss

of poison material resulting in reactivity increase is not enpected.

Rods of *his de* e performed very well in actual service with no failures
observed throus .ife of one fuel cycle.

Drive Rod Assembliies

All postulated failures of the drive rod assemblies either by fracture or
uncoupling lead to the fail scfe condition. |f the drive rod assembly
fractures at any elevation, that portion remaining coupled falls with, and
is guided by the rod cluster control assamoly. This always results in
reactivity decrease for full length controi rods.

b 23232 Control Rod DOrive Mechanism

Mate: ial Selection

All pressura-containing materials comply with Section 111 of the ASME pressure
vessel code, and with the exception of the needle vent valve, will be
fabri.ated from austenitic (304) stainless steel or CF-8 stainless steel.

The vent valve is a modified austenitic stainless steel cap screw.

Magrietic nole pieces are fabricated from 410 stainless steei. All non
magnetic pa-ts, except pins and springs, are fabricated from 304 stainless
steel. Haynes 25 is used to fabricate !ink pins. Springs are made from
laconel-X. Latch arm tips are clad with Steilite 6 to provide improved

| wearability. Hard chrome plate and Stellite 6 are used selectively for

bearing and wear surfaces.
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the most rapid reactivity compensation, The core is also designed to have an
overail negative modecrator temperature coefficient of reactivity so that
average coolant temperature or void content provides another, slower
compensatory effect. HNominal power operation is permitted only in a range

of overall negative moderator temperature coefficient, The negative
moderator temperature coefficient can be achieved through use of fixed
burnable poison and/or control rods by limiting the reactivity held down

by soluble boron,

Burnable ison content (quantity and distribution) is not stated as a design
Casis other than as it relates to accomplishment of a non-positive moderator
temperature coefficient at power operating conditions discussed above,

4.3,1.3 Control of Power Distribution

Basis
The nuclear design basis is that, with at least a 95% confidence level:

I1. The fuel will not be operated at greater than 12,9 KW/ft under normal
operating conditions including an allowance of 2% for calorimetric
error and including densification effects.

2, Under abnormal conditions including the maximum overpower condition,
the fuel peak power will not cause melting as defined in Subdivision 4.4.1.2.

;. 8 The fuel will not operate with a power distribution that violates the
departure from nucleate boiling (DNB) design basis (i.e., the DNBR
shall not be less than 1.30, as discussed in Sybsection 4.4.1) under
Condition | and Il events including the maximum overpower condition.

&, Fuel management will be such as to produce rod powers and burnups
consistent with the assumptions in the fuel rod mechanical integrity
analysis of Section 4,2,

The above basis meets GDC-10, )
Discussion

Calculation of extreme power shapes which affect fuel design limits is
performed with proven methods and verified frequently with measurements from
operating reactors, The conditions under which limiting power shapes are
assumed to occur are chosen conservatively with regard to any permissible
cperating state,

Even though there is good agreement between measured peak power calculations
and measurements, a nuclear uncertainty margin is applied to calculated peak
local power. Such a margin is provided both for the analysis of normal
operating states and for anticipated transients.
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are readily obsarvable and alarmed, using the excore long ion chabers,
Indications are alsc continuously available from incore thermocouples and
loop temperature measurements, Moveable incore detectors can be activated
to provide more detailed information. In all presently proposed cores these
horizontal plane oscillations ere self-damping by virtue of reactivity
feedback effects designed into the core.

However, axial xenon spatial power osci 'lations may occur late in core life.
The control bank and ex-cuie detectors are provided for contro! and monitoring
of axial power distributions. Assurance that fuel design limits are not
exceeded is provided by reactor overpower .T and overtemperature AT trip
functions which use the measured axial! power imbalance as an input.

b.3.1.7 Anticipated Transients Without Trip

The effects of anticipated transients with failure to trip are not considered
in the Design Bases of the plant., Analysis ha? ihown that the likelihood of
such a hypothetical event is negligibly small, I Furthermore, analysis of
the consequences of a hypothetical failure to trip following anticipated
transients will be performed to show that no significant core damage would
result and system peak pressures would be limited to acceptable values and

no failure of the Reactor Coolant System would result. These analyses were
documented in September, 1974 in accordance with the AEC policy outlined in
WASH 1270 '""Technical Report on Anticipated Transients Without Scram for
Water-Cooled Power Reactors,'' September, 1973.

| 4,3.2 DESCRIPTION

T Nuclear Design Description

The reactor core consists of a specified num. r of fuel rods which are held

in bundles by spacer grids and top and bottor fittings. The fuel rods are
constructed of Zircaloy cylindrical tubes containing U0, fuel pellets. The
bundles, known as fuel assemblies, are arranged in a pattern which approximates

! @ right circular cylinder,

Each fuel assembly contains @ 17 x 17 rod array composed of 264 fuel rods,

' 24 rod cluster control (RCC) thimbles and an in-core instrumentation thimble,

Figure 5.2.1-1 shows a cross sectional view of a 17 x 17 fuel assembly and the

related RCC locations, Further details of the fuel assembly are given in

Subsection 4.2.1.

The fuel rods within a given assembly have the same uranium enrichment in both
the radial and axial planes, Fuel assemblies of three different enrichments
are used in the initial core loading to establish a favorable radial power

| distribution. Figure 4.3.2-1 shows the fuel ioading pattern to be used in the

first core, Two regions consisting of the two lower enricnments are inter=-

' spersed so as to form a checkerboard pattern in the central portion of the core.

The third region is arranged around the periphery of the core and contains the
highest enrichment, The reference reloading pattern is placenent of new fuel
on the core periphery, with depleted fuel moved inward. The core will normally
operate approximately one year between refueling, accumulating approximately
11,000 MWD/MTU per year. The enrichments for the first core are shown in Table

| &.3.2~1,
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The core average enrichment is determined by the amount of fissionable

material required to provide the desired core lifetime and energy requirements,
ramely a regior average discharge burnup of 33,000 MWD/MTU., Tne physizs of

the burnout process is such that operation of the reactor depletes the amount

of fuel available due to the absorption of neutrons by the U-235 atoms and

their subsequent fission., The rate of U-235 depletion is direct!y proportional
to the power level at which the reactor is operated. In addition, the fission
process results in the formation of fission products, some of which readily
absorb neutrons, These effects, depletion ana the buildup of fission products,
are partially offset by the buildup of plutonium, shown in Figure 4.3.2-2 for the
17 x 17 fuel assembly, which occurs due to the non-fission absorption of neutrons
in U=238., Therefore, at the beginning of any cycle a reactivity reserve equal to
the depietion of the fissionable fuel and the buildup of fission product poisons
over the specified cycle life must be '"built' into the reactor. This excess
reactivity is controlled by removable neutron absorbing material in the form of
boron dissolved in the primary coolant and burnable poison rods.

The concentration of boric acid in the primary coolant is varied to provide

control and to compensate for long-term reactivity reguirements, The concentration
of the soluble neutron absorber is varied to compensate for reactivity changes

due to fuel burnup, fission product poisoning including xenon and samarium,
burnable poison depletion, and the cold~to-operating moderator temperature change.
Using its normal makeup path, the Chemical and Volume Control System (CVCS) is
capable of inserting negative reactivity at a rate of aporoximately 30 pcm/min

w hen the reactor coolant boron concentration is 1000 ppm and approximately 35
pecm/min when the reactor coolant boron concentration is '00 ppm. If the emergency
boration path is used, the CVCS is capable of inserting negative reactivity at a
rate of approximately 65 pcm/min when the reactor coolant concentration is

1000 ppm and approximately 77 pcm/min when the reactor coolant boron concentration
is 100 ppm. The peak burnout rate for xenon is 25 pecm/min (Subdivision 9.3.4.3
discusses the capability of the CVCS to counteract xenon decay). Rapid transient
reactivity requirements and safety shutdown requirements are met with control rods.

As the boron concentration is increased, the moderator temperature coefficient
becomes less negative. The use of a soluble poison alone would result in a
positive moderator coefficient at BOL for the first cycle. Therefore,

burnable poison rods are used in the first core to reduce the soluble boron
concentration sufficiently te insure that the moderator temperature coefficient
is negative for power operating conditions, During operation the poison content
in these rods is depleted thus adding positive reactivity to offset some of the
negative reactivity from fuel depletion and fission product buildup, The
depletion rate of the burnable poison rods is not critical since chemical shim
is always availabie and flexible enough to cover any possible deviations in the
expected burnable poison depletion rate. Figure 4.3.2-3 is a graph of a typical
core depletion with and without burnable poison rods. Note that even at end-ot-
life conditions some residual poison remains in the burnable poison rods resulting
in a net decrease in the first cycle lifetime, Upon completion of the first
cycle all the burnable poison rods are normally removed because the moderator
temperature coefficient in reload cores is sufficiently negative,
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To include the allowances made for densification effects, which are height
dependent, the following guantities are defined,

5(Z) = the allowance made for densification effects at height Z in
the core. See Subdivision 4.3.2.2.5.

P(Z) = ratio of the power per unit core height in the horizontal
plane at height Z to the average value of power per unit core
height,

Toea

= Total peaking factor

o Maximum kw/ft
Average KW/Tt

Fa

Including densification allowance

Fo = max r’,‘w (2) x P(2) « $(2) x rs » rg

4.3.2.2.2 Radial Power Distributions

The power shape in horizontal sections of the core at full power is a
function of the fuel and burnable poison loading patterns and the presence
or absence of a single bank of full length control rods. Thus, at any time
in the cycle any horizontal section of the core can be characterized as
either unrodded or having Group D control rods present. These two situations
combined with burnup effects determine the radial power shapes which can
exist in the core at full power. The effect on radial power shapes of power
level, xenon, samarium and moderator density effects are considered also but
these are quite small. The effect of non-uniform flow distribution is
negiigible. While radial power distributions in various planes of the core
are often illustrated, the core radial enthalpy rise distribution as deter~-
mined by the integral of power up each channel is of greater interest.
Figures 4.3.2-6 thru 4.3.2-1] show represaentative radial power distributions
for one eighth of the core for representative operating conditions. These
conditions are (1) Hot Full Power (HFP) at Beginning of Life (BOL) - unrodded

' - no xenon, (2) HFP at BOL - unrodded = equilibrium xenon, (3) HFP at BOL -

3|

| Bank D in - equilibrium xenon, (4) HFP at Middle of Life - unroddec -

equilibrium xenon, and (5) HFP at End of Life - unrodded ~ equilibrium xenon.

Since the position of the hot channel varies from time to time a single
reference radial design power distribution is selected for DNB calculations.
This reference power distribution is chosen conservatively to concentrate

power in one area of the core, minimizing the benefits of flow redistribution.

Assembly powers are normalized to core average power.
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§.3:4:25) Assembly Power Distributions

For the purpose of illustration, assembly power distributions from the
BOL and EOL conditions corresponding to Figures 4.3.2-7 and 4.3.2-10,
respectively, are given for the same assembly in Figures 4.3.2-12 and
4.3,2-13, respectively.

Since the detailed power distribution surrounding the hot channel varies
from time to time, a conservatively flat assembly power distribution is
assumed in the DNB analysis, described in Section 4.4, with the rod of maximum

integrated power artifically raised to the design value of Ff Care is taken

in the nuclear design of all fuel cycles and all operating cénditions to ensure

that a flatter assembly power distribution does not occur with limiting values
H

F
of Fone

5.3,2.2.4 Axial Power Distributions

The shape of the power profile in the axial or vertical direction is largely
under the control of the operator either through the manual operation of the full
length control rods or automatic motion of full length rods responding to
nanual ooeration of the Chemical and Volume Control System. MNuclear effects
~hich cause variations in the axial power shape include moderator density,
Doppler effect on resonance absorption, spatial xenon and burnup. Automatically
controlled variations in total power output and full length rod motion are
also important in determining the axial power shape at any time. Signals
are available to the operator from the excore ion chambe 's which are long ion
chambers outside the reactor vessel running parallel to the axis of the core.
Separate signals are taken from the top and bottom halves of the chambers.
The difference between top and bottom signals from each of four pairs of
detectors is displayed on the control panel and called the Flux Difference, 4l.
Calculations of core average peaking factor for many plants and measurements
from operating plants under many operating situations are associated with either
Al or axial offset in such a way that an upper bound can be placed on the peaking
factor. For these correlations axial offset is defined as

. . ?b

axi1al offset = .
t ¥ %

and e and ’b are the top and bottom detector readings.

Representative axial power shapes for BOL, MOL, and EOL conditions are shown
in Figures 4.3.2-14 through 4.3.2-17. These figures cover a wide range of
axial offset including values not permitted at full power.

| The radial power distributions shown in Figures 4.3.2-8 and 4.3.2-2 involving the
partial insertion of control rods represent a synthesis of power shapes from

the rodded and unrodded planes. The applicability of the separability assumption
| upon which this procedure is based is assured through extensive three-dimensional
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control and load following procedures (Reference €). The following paragraphs

summarize these reports and describe the calculations used to establish the
upper bound on peaking factors.

The calculations used to establish the upper bound on peaking factors,
Fq @and F,y, include all of the nuclear effects which influence the
radial and/or axial power distributions throughout core life for various

modes of operation including load follow, reduced power operation, and
axial xenon transients,

Radial power distributions are calculated for the full power condition

and fuel and moderator temperature feedback effects are included for

the average enthalpy plane of the reactor. The steady state nuclear

design calcuilations are done for normal flow with the same mass flow

in each channel and flow redistribution effects neglected. The effect

of flow redistribution is calculated explicitly where it is important

in the DNB analysis of accidents, The effect of xenon on radial power
distribution is small (compare Figures 4.3.2-6 and 4.3.2-7) but is included
as part of the normal design process. Radial power distributions are
relatively fixed and easily bounded with upper limits.

The core average axial profile, however, can experience significant
changes which can occur rapidly as a result of rod motion and load
changes ang more slowly due to xenon distribution, For the study of
points of closest approach to axial power distribution limits, several
thousand cases are examined, Since the properties of the nuclear design
dictate what axial shapes can occur, boundaries on the limits of interest
can be set in terms of the parameters which are readily observed on the
unit. Specifically, the nuclear design parameters which are significant
to the axial power distribution analysis are:

(a) core power level

(b) core height

(c) coolant temperature z7d flow

(d) coolant temperature program as a function of reactor power
(e) fuel cycle lifetimes

(f) rod bank worths

(g) rod bank overlaps

Normal operation of the unit assumes compliance with the following
conditions:

(1) Control rods in a single bank move together with no individual
rod insertion differing by more than 13 steps (indicated) from
the bank demand position;

{2) Control banks are sequenced with overlapping banks;
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(3) The control bank insertion limits are not viclated;

(4) Axial power distribution procedures, which are given in
terms of flux difference control and control bank position,
are observad,

The axial power distribution procedures referred to above are part of the
required operating procedures which are followed in normal operation., Briefly
they require control of the axial offset (flux difference ¥ fractional power)
at all power leveis within a permissible operating band of a target value
corresponding to the equilibrium full power value, In the first cycle, the
target value changes from about =10% to 0% linearly through the life of the
cycle, This minimizes xenon transient effects on the axial power distribution,
since the procedures essentially keep the xenon distribution in phase with

the power distribution,

Calculations are performed for normal operation of the reactor including

load following maneuvers. Beginning, middle and end of cycle conditions

are included in the calculations., Different histories of operation are
assumed prior to calculating the effect of load follow transients on the
axial power distribution, These different histories assume base loaded
operation and extensive load following. The calculated poinis have been
synthesized from axial calculations combined with radial factors appropriate
for rodded and urnirodded planes in the first cycle. The calculated values
have been increased by a factgr of 1.05 for conservatism and a factor of 1.03
for the engineering factor, Fq.

The envelope drawn over the calculated (FQ + Power) points in Figure 4.3.2-21
represents these results as an upper bound envelope on local power density
versus elevation in the core, It should be emphasized that this envelope

is a conservative representation nf the bounding values of local power
density. Expected values are considerably smaller and, in fact, less con-
servative bounding values may be justified with additional analysis or
surveillance requirements., For example, Figure 4.3.2-21 bounds both BOL and
EOL conditions but without consideration of radial power distribution
flattening with burnup, i.e. both BOL and EOL points presume the same

radial peaking factor., Inclusion of the burnup flattening effect would
reduce the local power densities corresponding to EOL conditions which

may be limiting at the higher core elevations,

4,3~15 Revision 35




35

35

35

Finally, as previously discussed, this upper bound envelope is based on
procedures of load follow which require the operator to operate within

an allowed deviation from a target equilibrium value of axial flux
difference, observing certain Bank D insertion limits. These procedures
are detailed in Technical Specifications and are predicated only upon
excore surveillance supplemented by the normal monthly full core map
requirement and by computer based alarms on deviation and time of deviation
from the allowed flux difference band.

Aliowing for fuel densification effects the average kw/ft at 3411 MWt

is 5.4 kw/ft, From Figure 4.3.2-21, the conservative upper bound value
of normalized local power density, including uncertainty allowances, is
2.32 corresponding to & peak local power density of 12.9 kw/ft at 102%
power .

To determine Reactor Protection System set points, with respect to power
distributions, three categories of events are considered, namely rod

control equipment malfunctions, operator errors of commission and operator
errors of omission,

The first category comprises uncontrolled rod withdrawal (with rods

moving in the normal bank sequence) for full length rod banks.

Also included are motions of the full length rod banks below

their insertion limits, which could be caused, for examule, by uncontrulled
dilution or primary coolant cooldown, Power distributions were cal.ulated
throughout these occurrences assuming short term corrective action, that

is no transient xenon effects were considered tc result from the malfunction,
The event was assumed to occur from typical normal operating situations
which did include normal operating situations which did include normal
xenon transients. It was further assumed in determining the power dis=-
tributions that total power level would be limiteu by reactor trip to

below 118%., Since the study is to determine protection limits with respect
to power and axial offset, no credit was taken for trip set point redurtion
due to flux difference. Results are given in Figure 4.3.2-22 in units of
kw/ft. The peal nower density which can occur in such events, assuming
reactor trip at or below 118%, is thus limited to 18.0 kw/ft including un=
certainties and densification effects. The second category, also appearing
in Figure 4.3.2-22, assumes that the operator mis-positions the full

length rcd bank in violation of the insertion limits and creates short

term conditions not included in normal operating conditions.

: The third category assumes that the operator fails to take action to correct

a flux difference viclation., The results shown on Figure 4.3.2-24 are F
multiplied by 102% power including an allowance for calorimetric error.

The figure shows that provided the assumed error in operation does not
continue for a period which is long compared to the xenon time constant,

the maximum local power does not exceed 22.8 kW/ft including the above
factors, However, the technical specifications restrict Al at 102% power
such that the peak linear power density is less than 18 kW/ft., These events

| are considered Condition || events,
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It should be noted that a reactor overpower accident is not assumed to occur
coincident with an independent operator error.

Analyses of possible operating power shapes for the reactor described herein
show that the appropriate hot channel factors FQ and F«H for peak local
power density and for DNB analysis at full power are the values given in
Table 4.3.2-2 and addressed in Technical Specifications.

Fq can be increased with decreasing power as shown in the Technical
Specifications., Increasing FNH with decreasing power is permitted by

the DNB protection setpoints and allows radial power shape chanaes with
rod insertion to the insertion limits as described in Subdivision 4.4.3.2.
It has been determined that provided the above conditions | through k4

are observed, the Technical Specification limits are met,

When a situation is possible in normal operation which could result in
local power densities in excess of those assumed as the pre-condition

for a subsequent hypothetical accident, but which would not itself cause
fuel failure, administrative controls and alarms are provided for return-
ing the core to a safe condition, These alarms are described in detail
in Chapters 7 and .6,

Y% = Ny B Experimental Verification of Power Distribution Analysis

This subject is discussed in depth in Reference 2. A summary of this
report is given here.

In a measurement of peak local power density, Fg, with the movable detector
system described in Subsections 7.7.1 and 4.4.5, the following uncertainties
have to be considered:

(a) reproducibility of the measured signal

(b) errors in the calculated relationship between detector
current and local flux

(¢) errors in the calculated relationship between detector flux
and peak rod power some distance from the measurement thimble.

The appropriate allowance for (a) above has been guantified by repetitive
measurements made with several inter-calibrated detectors by using the
common thimble features of the incore detector system. This system allows
more than one detector to access any thimble., Errors in category (b) above
are quantified to the extent possible, by using the fluxes measures at one
thimble location to predict fluxes at another location which is also
measured, Local power distribution predictions are verified in critical
experiments on arrays of rods with simulated guide thimbles, control rods,
burnable poisons, etc. These critical experiments provide quantification
of errors of types (b) and {c) above.

Reference 2 describes critical experiments performed at the Westinghouse
Reactor Evaluation Center and measurement taken on two Vestinchouse units
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terms of reactivity change per percent power change. The power coefficient at
BOL and EOL conditions is given in Figure 4.3.2-35,

It becomes more negative with burnup reflecting the combined effect of moderator
and fuel temperature coefficients with burnup, The power defect (integral
reactivity effect) at BOL and EOL is given in Figure 4.3.2-36,

§,3.2,3.4 Comparison of Calculated and Experimental Reactivity
Coefficients

Subsection 4.3.3 describes the comparison of calculated and experimental reactivity
coefficients in detail, Based on the data presented there, the accuracy of
the current analytical model is:

+ .2% Lp for Doppler and power defect
+ 2 pem/°F for the moderator coefficient

Experimental evaluation of the calculatzd coefficients will be done during the
physici startup tests described in Chapter 14,

§.3.2.3.% Reactivity Coefficients Used in Transient Analysis

Table 4.3.2-2 gives the representative ranges for the reactivity coefficients
used in transient analysis. The exact values of the coefficient used in the
analysis depend on whether the transient of interest is examined at the
beginning or end ¢f life, whether most negative or the most positive (least
negative) coefficients are appropriate, and whether spatial nonuniformity must
be considered in the analysis, Conservative values of coefficients, considering
various aspects of analysis are used in the transient analysis. This is
completely described in Chapter 15,

The values listed in Table 4.3.2-2 and illustratcsd in Figures 4.3.2-28 thru 4.3.2-36
apply to the core described in Table 4.3.2-1. The coefficients appropriate for
use in sudsequent cycles depends on the core's operating history, the number

and enrichment of fresh fuel assemblies, the loading pattern of burned and fresh
fuel, the number and location of any burnable poison rods, etc, The need for a
reevaluation of any accident in a subsequent cycle is contingent upon whether

or not the coefficients for that cycle fall within the identified range used in
the analysis presented in Chapter 15, Control rod requirements are given in
Table 4.3.2-3 for the core described and for a hypothetical equilibrium cycie
since these are markedly different. These latter numbers are provided for
information only and their validity in a particular cycle would be an unexpected
coincidence,

b,3.2.4 Control Requirements

To insure the shutdown margin stated in the Technical Specifications under
conditions where a cooldown to ambient temperature is required, concentrated
soluble boron is added to the coolant, Boron concentrations for several core
conditions are listed in Table 4.3.2-2. For all core conditions including refueling,
the boron concentration is well below the solubility limit. The rod .luster control
assemulies are employed to bring the reactor to the hot standby condition.

The minimum required shutdown margin is given in Technical Specifications.
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The ability to accomplish the shutdown for hot conditions is demcnstrated

in Table 4.3.2-3 by comparing the difference tetween the rod cluster control
assembly reactivity available with an allowance for the worst stuck

rod with that required for control and protection purposes. The shutdown
margin includes an allowance of 10 percent for analytic uncertainties (see
Subdivision 4.3.2.4.9). The largest reactivity control reguirement appears at
the end=of=-1ife (EOL) when the moderator temperature coefficient reaches its
peak negative value as reflected in the larger power defect.

The control rods are required to provide sufficient reactivity to account for
the power defect from full power to zero power and to provide the required
shutdown margin. The reactivity addition resulting from power reduction con-
sists of contributions from Doppler, variable average moderator temperature,
flux redistribution, and reducticn in void content as discussed below,

%6 3.2:%; 1 Doppler

The Doppler effect arises from the broadening of U=238 and Pu=240 resonance
peaks with an increase in effective pellet temperature, This effect is most
noticeable over the range of zero power to full power due to the large pellet
temperature increase with power generation,

4,3.2.4.2 Variable Average Moderator Temperature

. When the core is shutdown to the hot, zero power condition, the average moderator

temperature changes from the equilibrium full load value determined by the steam

' generator and turbine characteristics (steam pressure, heat transfer, tube

. fouling, etc.) to the equilibrium no load value, which is based on the steam

generator shell side design pressure. The design change in temperature is

' conservatively increased by 4°F to account for the control dead band and
measurement errors,

Since the moderator coefficient is negative, there is a reactivity addition

with power re'uction, The moderator coefficient becomes more negative as the
' fuel depletes pecause the boron concentration is reduced. This effect is the
| major con.-ib tor to the increased requirement at end of life.

- h.3.2.4.3 Redistribution

During full power operation the coolant density decreases with core height,

' and this, together with partial insertion of control rods, results in less fuel

| depletion near the top of the core. Under steady state conditions, the relative

| power distribution will be slightly asymmetric towards the bottom of the core.

! On the other hand, at hot zero power conditions, the coolant density is uniform
up the core, and there is no flattening due to Doppler. The result will be a

| flux distribution which at zero power can be skewed toward the top of the core.

The reactivity insertion due to the skewed distribution is calculated with an

allowance for the most adverse effects of xenon distribution,
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b,3.2,4.4 Void Content

A small void content in the core is due to nucleate boiling at full power.
The void collapse coincident with power reduction makes a small reactivity
contribution,

b,3,2.4.5 Rod Insertion Allowance

At full power, the control bank is operated within a prescribed band of

travel to compensate for small periodic changes in boron concentration,
changes in temperature and very small changes in the xenon concentration not
compensated for by a change in boron concentration., When the control bank
reaches either !init of this band, a change in boron concentration is required
to compensate for additional reactivity changes, Since the insertion limit is
set by a rod travel limit, a conservatively high calculation of the inserted
worth is made which exceeds the normally inserted reactivity.

4,3.2.4,6 Burnuo

Excess reactivity of 10% 4p (hot) is installed at the beginning of each cycle

to provide sufficient reactivity to compensate for fuel depletion and fission
products throughout the cycle. This reactivity is controlled by the acdition

of soluble boron to the coolant and by burnable poison. The soluble boron
concentration for several core configurations, the unit boron worth, and burnable
poison worth are given in Tables 4.3.2-1 and 4.3.2-2. Since the excess reactivity
for burnup is controlled by soluble boron and/or burnable poison, ic¢ is not
included in contro! rod requirements,

4,3.2,4,7 Xenon and Samarium Poisoning

Changes in xenon and samarium concentrations in the core occur at a sufficiently
slow rate, even following rapid power level changes, that the resulting reactivity
change is controlled by changing the soluble boron concentration.

4,3,2,4.8 pH Effects

Changes in reactivity due to a change in coolant pH, if any, are sufficiently
small in magnitude and occur slowly enough to be controlled by the boron system.
Further details are available in Referei.e 10.

4.3.2.4.9 Experimental Confirmation

Following a normal shutdown, the total core reactivity change during cooldown
with a stuck rod has been measured on a 121 assembly, 10 ft. high core and 121
assembly, 12 ft. high core. In each case, the core was allowed to cooldown
until it reaches criticality simulating the steamline break accident, For

the ten foot core, the total reactivity change associated with the cooldown is
overpredicted by about 0,3% 4p with respect to the measured result, This
represents an error of about 5% in the total reactivity change and is about
half the uncertainty allowance for this quantity, For the 12 foot core, the
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difference between the measured and predicted reactivity change was an even
smaller 0.2% 4o, These measurements and others demonstrate the ability of
the methods described in Subsection 4.3.3 to accurately predict the total
shutdown reactivity of the core.

4.3,2.5 Control

Core reactivity is controlled by means of a chemical poison dissolved in

the coclant, rod cluster control assemblies, and burnable poison rods as
described below,

4:3:3.5:1 Chen. ~al Poison

Boron in solution as boric acid is used to control relatively slow reactivity
changes associated with:

l. The moderator temperature defect in going from cold shutdown at

ambient temperature to the hot operating temperature at zero
power,

2, The transient xenon and samarium poisoning, such as that following
power changes or changes in rod cluster control position,

3. The excess reactivity required to compensate for the effects of fissile
inventory depletion and buildup of long-life fission products,

4, The burnable poison depletion.

The boron concentrations for various core conditions are presented in Table L,3.2-2.
4,3,2.5,2 Rod Cluster Control Assemblies

Fifty=-three full length rod cluster control assemblies are employed.
These are used for shutdown and control purposes to offset fast
reactivity changes associated with:

1s The required shutdown margin in the hot zero power, stuck rods condition,

2. The reactivity compensation as a result of an increase in power above

hot zero power (power defect including Doppler, and moderator reactivity
changes),

3. Unprogrammed fluctuations in boron concentration, coolant temperature,

or xenon concentration (with rods not exceeding the allowable rod insertion
limits),

4, Reactivity ramp rates resulting from load changes.,

The allowed full length control bank reactivity insertion is limited at full
pcwer to maintain shutdown capability, As the power level is reduced, control
rod reactivity requirements are also reduced and more rod insertion is allowed.
The control hank position is monitored and the operator is notified by an alarm
if the limit is approached. The determination of the insertion limit uses
conservative xenon distributions and axial power shapes. In addition,

the rod cluster control assembly withdrawal pattern determined from these
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analyses is used in determining power distribution factors and in determining
the maximum worth of an inserted rod cluster control assembly ejection
accident. For further discussion, refer to the Technical Specificutions on
Rod Insertion Limits.

Power distribution, rod ejection and rod misalignment analyses are based on
the arrangement of the shutdown and control groups of the rod cluster control
assemblies shown in Figure 4.3.2-37. All shutdown rod cluster control as-
semblies are withdrawn before withdrawal of the control banks is initiated.
In going from zero to 100 percent power, cocntro! banks A, B, C and D are
withdrawn sequentially. The limits of rod positions and further discussion
on the basis for rod insertion limits are provided in the Technical Specifi~
cations.

§:3.2:%5.3 Burnable Poison Rods

The burnable poison rods provide partial control of the excess reactivity
available during the first fuel cycle. In doing so, these rods prevent the
moderator temperature coefficient from being positive at normal operating
conditions. They perform this function by reducing the reqguirement for
soluble poison in the moderatcer at the beginning of the first fuel cycle as
described previously. The burnable poison rod pattern in the core together
with the number of rods per assenbly is shown in Figure 4.3.2-5, while the
arrangements within an assembly are displayed in Figure 4.3.2-4. The
reactivity worth of these rods is shown in Table 4.3.2-1. The boron in the
rods is depleted with burnup but at a sufficiently slow rate so that the
resulting critical concentration of soluble boron concentration is such that
tne moderator temperature coefficient remains negative at all times for power
operating conditions.
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§.3.2.5.4 Peak Xenon Startup

Compensation for the peak xenon buildup is accompl ished using the boron

control system, Startup from the peak xenon condition is accomplished with a
combination of rod motion and boron dilution. The boron dilution may be made
at any time, including during the shutdown period, provided the shutdown margin
is maintained.

4.3.2.5.5 Load Follow Control and Xenon Control

During load follow maneuvers, power changes are accomplished using control rod
motion and dilution or boration by the boron svstem as required. Control rod
motion is limited by the control rod insertion limits on full length rods as
provided in the Technical Specifications and discussed in Subdivision 4,3.2.5.2.
The power distribution is maintained within acceptable limits through the loca-
tion of the full-length rod bank. Reactivit; changes due to the changing xenon
concentration can be controlled by rod motion and/or changes in the soluble boron
concentration.

Late in cycle life, extended load follow capability is obtained by augmenting the
iimited boron dilution capability at low soluble boron concentrations by tempo=
rary moderator temperature reductions.

Rapid power increases (5%/min) from part power during load follow operation

are accomplished with a combination of rod motion, moderator temperature reduc~
tion, and boron dilution. Compensation for the rapid power increase is accom=
plished initially by a combination of rod withdrawal and moderator temperature
reduction. As the slower boron dilution takes effect after the initial rapid
power increase, the moderator temperature returns IO the programmed value.

4.3.2.5.6 Burnup

Control of the excess reactivity for burnup is accomplished using soluble

boron and/or burnable poison. The boron concentration must be limited during
operating conditions to insure the moderator temperature coefficient is nega-
tive. Sufficient burnable poison is installed at the beginning of a cycle to
give the desired cycle lifetime without exceeding the boron concentration limit.
The practical minimum boron concentration is 10ppm.

4.3.2.7 Cortrol Rod Pattersn and Reactivity Worth

The full-length rod cluster control assemblies are designated by function as
the control agroups and the shutdown groups. The terms ''group’’ and ''bank'' are
used synonymously throughout this report to describe a particular grouping of
control assemilies. The rod cluster assembly pattern is displayed in Figure
4.3.2-37 which is not expected to change during the life of the unit. The
control banks are labeled A, B, C and D and the shutdown banks are labeled
SA, SB, etc., as applicable. Each bank, although operated and controlled as
a unit, is comprised of twoc subgroups. The axial position of the full-length
rod cluster centrol assemblies ma, be controlled manually or automatically.
These rod cluster control assemblies are all dropped into the core following
actuation of a reactor trip signals.
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Two criteria have been employed for selection of the contrcl groups. First

the total reactivity worth must be adequate to meet the requirements specified

in Table 4.3.2-3. Second, in view of the fact that these rods may be partially
inserted at power operation, the total power peaking factor should be low enough
to ensure that the power capability requirements are met. Anal ses indicate that
the first requirement can be met either by a single group or by two or more banks
whose total worth equals at least the required amount. The axial power shape
would be more peaked following movement of a single group of rods worth three

to four percent Lp; therefore, four banks (described as A, 3, C, and D in Figure
4.3,2-37) each worth approximately one percent 4p have been selected.
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The position of cortrol banks for critical ity under any reactor condition

is determined by the concentration of boron in the coolant. On an approach

to criticality boron is adjusted to ensure that criticality will be achieved
with control rods above the insertion limit set by shutdown and other corsider-
ations (See Technical Specifications). Early in the cvcle tlere may

also be a withdrawal limit at low power to maintain a negative moderator
temperature coefficient, Usual practice is to adjust boron to ensure that the
rod position lies within the so-called maneuvering band, that is such that an

escalation from zero power to full power does not require further ad justment of
boron concentration,

Ejected rod worths are given in Section 15,4,6 for several different conditions.
Experimental confirmation of these worths can be found by reference to start-up
test reports such as Reference 1.

Allowable deviations due to misaligned control rods are discussed in Technical
Sneci€ications.

A representative calculation for two banks of control rods withdrawn simultaneously
(rod withdrawal accident) is given in Figure 4.3.2-38.

Calculation of control rod reactivity worth versus time following reactor trip
involves both control rod velocity ano differential reactivity worth. The

rod position versus time of travel after rod release assumed is given in Figure
4.3.2-39. For nuclear design purposes, the reactivity worth versus rod position
is calculated by a series of steady state calculations at various control rod
positions assuming all rods out of the core as the initial position in order

to minimize the initial reactivity insertion rate, Also, to be conservative,

the rod of highest worth is assumed stuck out of the core and the flux
distribution (and thus reactivity importance) is assumed to be skewed to the
bottom of the core. The result of these calculations is shown on Figure 4.3.2-40.

The shutdown groups provide additional negative reactivity to assure an
adequate shutdown margin. Shutdown margin is defined as the amount by wiich
the core would be subcritical at hot shutdown if all rod cluster ~ontrol assemblies

are tripped, but »ssuming that the highest worth assembly remains fully withdrawn
and no changes in xenon or boron concentration take place. Tne toss of control

rod worth due to the material irradiation is negligible since only bank D may
be in the core under normal operating conditions.

The values given in Table 4.3.2-3 show that the cvailable rear~tivirv in withdrawn
rod cluster rontrol assemblies provides the design bases minimum shutdown margin
allowing for the highest worth cluster to be at its fully withdrawn position.

An allowance for uncertainty in the calculated worth of N=1 rods is made before
determination of the shutdown margin,

4.3.2.7 Criticality of Fuel Assemblies

Criticality of fuel assemblies outside of the reactor is precluded by adequate
design of fuel transfer and fuel storage facilities and by administrative control
procedures. This section identifies those criteria important to criticality
safety analyses,
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New fuel is generally stored in fuel storage facilities with no water present
but which are designed so as to prevent accidental criticality even if un-
borated water is present,

In the analysis for the storage facilities, the fuel assemblies are assumed

to be in their most reactive condition, namely fresh or undepleted and with

no control rods or removable neutron absorbers present, Assemblies can not

be closer together than the design separation provided by the storage facility
except in special cases such as in fuel shigping containers where analyses

are carried out to establish the acceptability of the design., The mechanical
integrity of the fuel assembly is assumed.

For full flooding with unborated water, the fuel assembly spacing of the
facility provides essentially full nuclear isolation and K fe for the array
is no greater than Keff for the single most reactive fuel :séembly.

The design basis for wet fuel storage criticality analyses is that, considering
possible variations, there is a 95% confidence level for the effective multi=-
plication factor (K ..) of the fuel storage array being less than 0.95 per

ANS| standard NI8.297§73. The possible variations in the criticality analyses
are in two categories: (1) calculational uncertainties, and (2) fuel rack
fabrication uncertainties,

The results of comparing standard calculations with 10l critical experiments
as summarized in Table 4.3.2-6 indicate that:

Vs The average difference between the calculations and experimental results,
or hias in the computations, was 0,1%ak, and

45 The standard deviation in the difference between the calculations and
experimental results was 0.86%ak.

Typical fuel rack fabrication uncertainties are as fo!lows:

Vs The clearance to permit insertion of the fuel asc2mblies into the rack
is 0,64 inch, and

7 The tolerance on the center-to-center spacing between fuel racks is
0,19 inch,

The fuel assembly (17 x 17 fuel rods) of standard design and 3.5 w/o
enriched uranium oxide, without a zontro! rod or burnable poison rods,

fully flooded and reflected with cold clean water, has a ke of about
0.85., Two such fuel assemblies spaced one inch apart with parallel axes
9.5 inches apart have a k of about 0.99., Three such fuel assemblies

spaced one inch apart with parallel axes would be supercritical.

An infinite number of dry fuel assemblies of this design would have a
kef‘ < 0,80.
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| The fuel temperature and moderator density feed back is limited to a steady-state

a. The core was stable against induced axial xenon transients both at
the core average burnups of 1550 MWD/MTU and 7700 MWD/MTU, The
measured stability indices are =0,04] hr=! for the first test (Curve
| of Figure 4.3.2-41) and =0.014 hr™' for the second test (Curve 2 of

Figure 4.3.2-41). The corresponding oscillation periods are 32.4 hrs.

and 27.2 hrs., respectively,

b, The reactor core becomes less stabie as fuel burnup progresses and
the axial stability index was essentially zero at 12,000 MWD/T.

Measurements in the X=Y Plane

Two X=Y xenon oscillation tests were performed at a PWR unit with a core
height of 12 feet and 157 fuel assemblies, This wunit has the highest
power output of any Westinghouse PWR currently in operation (1972)., The
first test was conducted at a core average burnup of 1540 MWD/MTU and the
second at a core average burnup of 12900 MWD/MTU. Both of the X=Y xenon
tests show that the core was stable in the X-Y plane at both burnups.

The second test shows that the core became more stable as the fuel burnup
increased and all Westinghouse PWR's with 121 and 157 assemblies are
expected to be stable throughout their burnup cycies,

In each of the two X-Y tests, a perturbation was introduced to the
equilibrium power distribution through an impulse motion of one RCC unit
located along the diagonal axis. Following the perturbation, the uncon-
trolled oscillation was monitored using the moveable detector and thermo-
couple system and the excore power range detectors, The quadrant tilt
difference is the quantity that properly represents the diametral oscil-
lation in the X-Y plane of the reactor core in that the differences of
the quadrant average powers over two symmetlrically opposite gquadrants
essentially eliminates the contribution to the oscillation from the
azimuthal mode. The quadrant tilt difference (QTD) data were fitted in
the form of Ea. (2) through a least-square method. A stability index of
=0.076 hr-! with a period of 29.6 hours was obtained {rom the thermocouple
data shown in Figure 4.3,2-42,

It was observed in the second X=Y xenon s+ that the PWR core with 1.7
fuel assemblies had become more stabl: .0 an increased fuel depletion
and the stability index was not determincd.

4.3.2.8.5 Comparison of Calculations with Measurements

The analysis of the axial xenon transient tests was performed in an axial slab
geometry using a flux synthesis techniquet|6 he direct simulation of the AO
data was carried out using the PANDA Code . The analysis of the X-Y xenon
transient tests was performed in an X-Y geometry using a modified TurTLEL9 ]

code,

Both the PANDA and TURTLE codes solve the two=-group time-dependent

neutron diffusion equation with time-dependent xenon and iodine concentrations.

made

« ATl the X-Y calculations were performed in an average enthalpy plane,
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The basic nuclear cross-sections used in this study were generated from a
unit cell ?csietion program which has evolved from the codes LeorarD [17]

and CINDER'!18), The detailed experimental data during the tests inciuding
the reactor power level, enthalpy rise and the impulse motion of the control
rod assembly, as well as the plant follow burnup data were closely simulated
in the study. =

The results of the stability calculation for the axial tests are compared with
the experimental data in Table 4.3.2-4.The calculations show conservative _,
results fo. both of the axial tests with a margin of approximately =.01 hr
in the stability index.

An analytical simulation of the first X=Y xenon oscillation test shows a
Cuirou'ated stabilit¥ index of =0.081 hr". in good agreement with the measured
value of =0,076 hr~!, Ad indicated earlier, the second X-Y xenon test showed
thac the core had become more stable compared to the first test and no evalua-
tion of the stability index was attempted, This increase in the core stability
in the X-Y plane due to increased fuel burnup is due mainly to the increased
magnitude of the negative moderator temperature coefficient.

Previous studies of the physics of xenon oscillations, including three-dimensional
analysis, are reported in the series of topical reports, References 12,13, and 14
A more detailed description of the experimental results and analysis of the axial

and X=Y xer.3 transient tests is presented in References 15 and Section | of
Reference 19.

4.3,2.8.6 Stability Control and Protection

The excore detector system is utilized to provide indications of xencn-induced
spatial oscillations, The readings from the erxcore detectors are available to
the operator and also form part of the protection system.

F. Axial Power Distribution

For maintenance of proper axial power distributions, the operator is
instructed to maintain an axial offset within a prescribed operatii:g band,

based on the excore detector readings. Should the axial offset be permitted

to move far enough outside this band, the protection linit will be reached
and the power will be automatically cut back,

Full-length control rods are sufficient to shape the axial power
distribution and to dampen the axial xenon nsnillations effectively.

I Radial Power Distribution

The core described herein is calculated to be stable against X-Y xenon
induced oscillations at all times in iife.

The X=Y ibility of large PWR's will be further verified as part of the

startup .nysics test program at a PWR core with 193 fuel assemblies, The
measured X-Y stability of the PWR core with 157 assemblies and the good
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b4 THERMAL AND HYDRAUL!C DESIGN

bk, DESIGN BASES

The overall objective of the thermal and hydraulic design of the reactor
core is to provide adequate heat transfer which iz compatible with the
heat generation distribution in the core such that heat removal by the
Reactor Coolant System or the Emergency Core Cooling System (whan appli=
cable) assures that the following performance and safety criteria require-
ments are met:

1 Fuel damage* is not expected during normal operation and operational
transients (Condition 1) or any transient conditions arising from
faults of moderate frequency (Condition 11). It is not possible,
however, to preclude a very small number of rod failures. These will
be within the capability of the unit cleanup system and are consistent
with the unit design bases.

s The reactor can be brought to a safe state following a Condition 111
event with only a small fraction of fuel rods damaged* although suf-
ficient fuel damage might occur to preclude resumption of operation
without considerable outage time.

3 The reactor can be brought to a safe state and the core can be kept
subcritical with acceptable heat transfer geometry following transients
arising from Condition IV events.

In order to satisfy the above criteria the following design bases have been
established for the thermal and hydraulic design of the reactor core.

4.4.1.1 Departure from Nucleate Boiling Design Basis

Basis

Depa-ture from nucleate boiling will not occur on at least 95% of the limiting
fuel rods during normal operation and operational transients and any transient
conditions arising from faults of moderate frequency (Condition | and Il events)
at a 95% confidence level. Historically this has been conservatively met by
limiting the minimum departure from nucleate boiling ratio (DNBR) to 1.30 and
for this application a minimum DNBR of i.30 will continue to be used.

Discussion

By preventing departure from nucleate boiling, adequate heat transfer is
assured between the fuel clad and the reactor coolant, thereby preventing
clad damage as a result of inadequate cooling. Maximum fuel rod surface
temperature is not a design basis as it will be within a few degrees of
coolant temperature during operation in the nucleate boiling region. Limits
provided by the nuclear control and protection systems are such that this

“Fuel damage as used here is defined as penetration of the fission product
barrier (i.e. the fuel rod clad).
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design basis will be met for transients associated with Condition || events
including overpower transients. There is an additional large DNBR margin
at rated power coperation and during normal operating transients.

b.b.1.2 Fuel Temperature Design Basis

Basis

During modes of operation associated with Condition | and Condition |1 events,
the maximum fuel temperature shall be less than thc meiting temperature of UO..
The U0, melting temperature for at least 95% of the peak kW/ft fuel rods willz
not be“exceeded at the 35% confidence level. The melting temperature of U0

is taken as 5080°F (Reference 1) unirradiated and reducing S58°F per 10,000 2
MWD/MTU. By preclud’ng U0, melting, the fue! geometry is preserved and possi=
ble adverse effects of molten U0, on the cladding are eliminated. To preclude
center melting and as a basis for overpower protection system setpoints, a cal=-
culated centerline fuel temperature of 4700°F has been selected as the overpower
limit. This provides sufficient margin for uncertainties in the thermal evalu=
ations as described in Subdivision &4,4,2,10,1,

Discussion

Fuel rod thermal evaluations are performed at rated power, maximum overpower
and during transients at various burnups. These znalyses assure that this
design basis as well as the fuel integrity design bases given in Section 4.2
are met. They also provide input for the evaluation of Condition !Il and IV
faults given in Chapter 15.

b.4.1.3 Core Flow Design Basis

Basis
A minimum of 92.5% of the thermal flow rate will pass through the fuel rod
region of the core and be effective for fuel rod cooling. Coolant flow
through the thimble tubes as well as the leakage from the core barrel-baffle
region into the core are not considered effective for heat removal.
Discussion

Core cooling evaluations are based on the thermal flow rate (minimum flow)

| entering the reactor vessel. A maximum of 7.5% of this value is allotted

as bypass flow. This includes RCC guide thimble cooling flow, head cooiing
flow, baffle leakage, and leakage to the vessel outlet nozzle.

Loh.1.4 Hydrodynamic Stability Design Bases
Basis
Modes of operation associated with Condition | and Il events shall not

lead to hvdrodynamic instability.
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Heat Flux Engineering Hot=Channel Factor, F;
|

The heat flux engineering hot cnannel factor is used to evaluate the maximum

heat flux. This subfactor is determined by statistically combining the tolerances
for the fuel pellet diameter, density, enrichment, eccentricity and the fuel

rod diameter, and has a value of 1,03, Measured manufacturing data on recent
Westinghouse 17x17 fuel were used to verify that this value was not exceeded

for 95% of the limiting fuel rods at a 95% confidence ievel. Thus, it is

expected that a statistical sampling of the fuel assemblies of this plant

will yield a value no larger tha. ~ .03,

Enthalpy Rise Engineering Hot=Channel Factor, F

I5™

The effect of variations in flow concitions and fabrication tolerances on
the hot-channrel enthalpy rise is directly considered in the THINC core thermal

subchannel analysis (See Subdivision 4.4.3.4.1) under any reactor operating

condition., The items considered contributing to the enthalpy rise engineering

hot=channel factor are discussed below:

8 Pellet diameter, density and cnrichment and fuel rod diameter, pitch
and bowing:

Design values employed in the THINC analysis related to the above fabrication
variations are based on applicable limiting tolerances such that these
design values are met for 95 percent of the limiting channels at a 95%
confidence level, Measured manufacturing data on Westinghouse 17x17 fuel
show the tolerances used in this evaluation are conservative. In addition,
each fuel assembly is checked to assure the channei spacing desian criteria
are met. The effect of variations in pellet diameter and enrichment

is employed in the THINC analysis as a direct multiplier on the hot

channel enthalpy rise while the fuel rod diameter, pitch and bowing
variation including in-pile effects is considered in the preparation

of the THINC input values such as axial flow area, equivalent hydraulic
diameter and lateral crossflow area for the hot channel,

s Inlet Flow Maldistribution:

The consideration of inlet flow maldistribution in core thermal performances
is discussed in Subcivision 4.4.3,]1.2, A design basis of 5% reduction
in zoolant flow to the hot assembly is used in the THIN.=IV analysis.,

3 Flow Redistribution

The flow redistribution accounts for the reduction in flow in the hot
channel resulting from the high flow resistance in the channel due to

the local or bulk boiling. The effect of the non-uniform power distribution
is inherently considered in the THINC analysis for every operating condition
which is evaluated,
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k, low Mixing:

The subchannel mixing model incorporated in the THINC Code and used in
reactor design is based on experimental data (Reference 51) discussed

in Subdivision 4.4.3.4.1. The mixing vanes incnrporated in the spacer

grid design induce additiona! flow mixing between the various flow channels
in a fuel assembly as well as between adjacent assemblies. This mixing
reduces the enthalpy rise in the hot channel resulting from local power
peaking or unfavorable mechanical tolerances.

4.4,.2.4 Flux Tilt Considerations

since this phenomenon is caused by some asymmetric perturbation. A dropped

or misaligned RCCA could cause changes in hot channel factors; however, these
events are analyzed separately in Chapter 15, This discussion will be confined
to flux tilts caused by x-y xenon transients, inlet temperature mismatches,
enrichment variations within tolerances and so forth,

The design value of the enthalpy rise hot channel factor F:H’ which includes
an 8% uncertainty (as discussed in Subdivision 4.3.2.2.7) § is assumed to

. be sufficiently conservative that flux tilts up to and including the alarm

. point (see Subsection 16,3,12, Technical Specifications) will not result in
values of ' greater than that assumed in this submittal, The design value

| of FQ does ﬁgt include a specific allowance for quadrant flux tilts.

|
|
Significant quadrant power tilts are not anticipated during normal operation '
|
;
i
!
|
|
i

4.4,2.5 Void Fraction Distribution

The calculated core average and the hot subchannel maxiinum and average void
‘ractions are presented in Table 4.4.2-3 for operation at full power with design
hot channel factors. The void fraction distriburion in the core at various
radial and axial locations is presented in Reference 52. The void models

used in the THINC=1Y computer code are described in Subdivision 4.4.2.8.3.

Since void formation due to subcooled boiling is an important promoter of
interassembly flow redistribution, a sensitivity study was performed with
. THINC=1V using the void model referenced above (Reference 52).

The results of this study showed that because of the realistic crossflow
model used in THINC-1Y, the minimum DNBR in the hot channel is relatively
insensitive %o variations in this model. The range of variations considered
| in this sensitivity study covered the maximur: uncertainty range of the data l
| used to develop each part of the void fraction correlation, |

| 4.4,2.6 Core Coolant Flow Distribution

. Assembly average coolant mass velocity and enthalpy at various radial and |
axial core locations are given below. Coolant enthalpy rise and flow
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distributions are shown for the 4 foot elevation (1/3 of core height{ in Figure
L.k.2-13, and B foot elevation (2/3 of core height) in Figure 4.4.2-14 and at

the core exit in Figure 4.4,2~15, These distributions are for the full power
conditions as given in Table 4.4.2-]1 and for the radial power density distribution
shown in Figure 4,3.2-7. The THINC code analysis for this case utilized a uniform
core inlet enthaipy and inlet flow distribution.

h.4,2.7 Core Pressure Drops and Hydraulic Loads

§.4,2,7.1 Core Pressure Drops

The analytical model and experimental data used to calculate the pressure

drops shown in Table L.4.2-1 are described in Subdivision 4.4,.2.8. The core pressure

drop includes the fuel assembly, lower core plate, and upper core plate pressure
drops. The full power operation pressure drop values shown in the Table

are the unrecoverable pressure drops across the vessel, including the inlet

and outlet nozzles, and across the core., These pressure drops are based on

the best estimate Flow (most likely value for actual plant operating conditions)
as described in Subsection 5.,1.1. Subsection 5.1.1 also defines and describes
the thermal design flow (minimum flow) which is the basis for reactor core
thermal performance and the mechanical cesign flow (maximum flow) which is

used in the mechanical design of the reactor vessel internals and fuel assemblies.
Since the Lest estimate flow is that flow which is most likely to exist in

an operating plant, the calculated core pressure drops in Table 4.4.2 ' are based
on this best estimate flow rather than the therral design flow.

Uncertainties associated with the core pressure drop values are discussed in
Subdivision 4.4,2.10.2.

The pressure drops quoted in Table 4.4.2-1 are based on seven grids and conserva-
tively estimated grid pressure loss coefficients., Phase ! of the D~loop tests
(Reference 5) resulted in a mecasured core pressure drop of a magnitude sufficient=
ly lower than the predicted pressure drop that the pressure drops quoted in

Table 4.4.2-1 will be conservative even with the addition of an eighth grid.

The estimated pressure drop compared to the measured pressure drop in Reference

5 uses the same conservatively estimated grid pressure loss coefficients used

for the Table 4.4,2-i pressure drop calculations. Thus, it was expected :hat

the calculated pressure drop would be conservative (larger) relative to the
measured value. The McGuire fuel assembly grids, top nozzle, and bottom

nozzle designs are the same as in the prototype assembly tests and the hydraulic
resistances measured during the test are therefore directly applicable to

the McGuire analysis,

h.4,2.7.2 Hydraulic Loads

The fuel assembly hold down springs, Figure 4.2.1-2, are designed to keep the
fuel assemblies resting on the lower core plate under transients associated
with Condition Il andill events, Maximum flow conditions are limiting because
hydraulic loads are a maximum, The most adverse flow conditions occur during
a LOCA. These conditions are presented in Subsection 15.4.1,
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Hydraulic loads at normal operating conditions are calculated based on the
mechanical design flow which is described in Section 5.1 and accounting for the
minimum core bypass flow basei on manufacturing tolerances. Core hydraulic
loads at cold unit startup conditions are also based on this flow but are
adjusted to account for the coolant density difference. Conservative core
hydraulic loads for a pump overspeed transient, which create flow rates 20%
greater than the mechanical design flow, are evaluated to be greater than

twice the fuel assembly weight.

Core hydraulic loads were measured during the prototype assembly tests described
in Section 1.5. Reference 5 contains a detailed discussion of the results.

Lift forces are directly proportional to the pressure drop. The lift force

on an eight grid assembly is thus less than 5 percent greater than the life
force on a seven grid assembly for the same flow rate. Reference 5 shows that
1ift off of an eight grid fuel assembly (5 percent greater than the seven grid
assembly shown) is not predicted during a postulated pump overspeed transient
even though it is not necessary to preclude lift off.

The hydraulic loads during normal operation can be obtained from Reference 5 by
adjusting the loads for the McGuire pressure drop and flow rate. The effect

of startup and shutdown transients are shown to be inconsegquential in Reference
S

L.4.2.8 correlation and Physical Data

4.4,2.8.1 Surface Heat Transfer Coefficients

Forced convection heat transfer coefficients are obtained from the familiar
Dittus-Boelter correlation (Reference 52), with the properties evaluated at
bulk fluid conditions:

LG 0.8 Cu 0.4

e = 0,023 (=== (~£=) (L.5+15)

where:
h = heat transfer coefficient, ATU/hr-ftl - CF
De = eguivalent diameter f¢t
K = thermal ccnductivity, BTU/hr-ft - OF
G = mass velecity, Ib/hr-ft2
. = dynamic viscosity, 'b/ft-hr
C. = heat capacity, ETU/Ib - OF

This correlaticn has been shown tc be corservative (Peference 5L) €or rod
bund'e georetries with pitch to diameter ratios in the range used by Pwls.

The onset of nucleate beilinc occurs when the clad wall temperature reaches
the amecunt of superheat preaicted by Thom's (Reference 5%5) correlation, After
this occurrence the outer clad wa!l temperature is determined by:
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LTgar = [0.072 exp (-P/1260") (g2 (4.b=16)

where:

LTgae = wall superheat, T, = Tgap, ©F

q" = wall heat flux, BTU/hr-f¢t2

P = pressure, psia

Ty = outer clad wall temperature, OF

Teat ™ saturation temperature of coolant at P, ©F
L.4,2,8.2 Total Core and Vessel Pressure Drop

Unrecoverable pressure losses occur as a result of viscous drag (friction) and/or
geometry changes (form) ir the fluid flow path. The flow field is assumed

to be incompressible, turbulent, single-phase water. These assumptions apply

to the core and vessel pressure drop c»'culations for the purpose of estaclishing
the primary loop flow rate. Two-phase considerati ons are neglected in the

vessel pressure drop evaluation because the core average void is negligible

(See Subdivision 4.4,2.5 and Table &4.4.2-3). Two phase flow consideratichs in
the core thermal subchanne! analyses are considered and the models are discussed
in Subdivisior 4.4.3.1.3, Core and vesse! pressure losses are calculated by
equations of the form:

3 - L ¢ v2 -
._;PL (K+F Fe) T——W; (4.4-17)
where:

4P = unrecoverable pressure drop, lbf/in2
fluid density, lbm/ft3

L = length, ft.
e = equivalent diameter, ft
v = fluid velocity, ft/sec
1b__ft

Sc = 32.174 2

Ibs-sec?
K = form loss coefficient, dimersionless
F = friction loss coefficient, dimensionless

Fluid density is assumed to be constant at the appropriate value for each
comporent in the core and vessel Because of the complex core and vessel
flow geometry, pirecise analytical values for the form and friction loss
coefficients are not available. Therefore, experimental values for these
coefficients are obtained from geometrically similar models.

Va'ues are quoted in Table 4.4.2-1 for unrecoverable pressure loss across the
reactor vessel, including the inlet and outlet nozzles, and across the core.
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transients, e.g., uncontrolled rod bank withdrawal at power incident (Subsection
15.2.2) specific protection functions are provided as described in Section 7.2,
and the use of these protection functions are described in Chapter 15. The
thermal response of the fuel rod is discussed in Subdivision 4.4.3.7.

.4.2.10 Uncertainties in Estimates

4.4.2.10.1 Uncertainties in Fuel and Clad Temperatures

ks discussed in Subdivision 4.4.2.2, the fuel temperature is a function of crud,
oxide, clad, gap, and pellet conductances. Uncertainties in the fuel temperature
calculation are essentially of two types: fabrication uncertainties such as
variations in the pellet and clad dimensions and the pellet density; and model
uncertainties such as variations in tne pellet conductivity and the gap conduc-
tance. These uncertainties have been quantified by comparison of the thermal
model to the inpile thermocouple measurements (References 7 through 13), by
out-of-pile measurements of the fuel and clad properties (References 16 through
27), and by measurements of the fuel and clad dimensions during /chrication. The
resulting uncertainties are then used in all evaluations involving t-e fuel
temperature. The effect of densification on fuel temperature uncertainties is
presented in Reference 6.

In addition to the temperature uncertainty described above, the measurement
uncertainty in determining the local power, and the effect of density and
enrichment variations on the local power are considered in establishing the heat
flux hot channel factor. These uncertainties are described in Subdivision

8. 2820,

Reactor trip setpoints as specified in the Technical Specifications include
allowance for instrument and measurement uncertainties such as calorimetric
error, instrument drift and channe! reproductivity, temperature measurement
uncertainties, noise, and heat capacity variations.

Uncertainty in determining the cladding temperature results from uncertainties
in the crud and oxide thicknesses. Because of the excellent heat transfer
between the surface of the rod and the coolant, the film temperature drop does
not appreciably contribute to the uncer:ainty.

k.4,.2.10.2 Uncertainties in Pressure Drops

Core and vessel pressure drops based on the best estimate flow, as described

in Section 5.1, are quoted in Table 4.4.2-1. The uncertainties quoted are

based on the uncertainties in both the test results and the analytical extension
of these values to the reactor application. The magnitude of the uncertainties
will be confirmed when the experimental data on the prototype fuel assembly
{(Section 1.5) is obtained.

A major use of the core and vessel pressure drops is to determine the primary
system coclant flow rates as discussed in Section 5.1. |In addition, as
discussed in Subdivision 4.4.4.1, tests on the primary system prior to initial
criticality will be made to verify that a conservative primary system coolant
flow rate has been used in the design and analyses of ths plant.
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| 4.4.2.10.3 Uncertainties Due to Inlet Flow Maldistribution

. The effects of uncertainties in the inlet flow maldistribution criteria used

in the core thermal analyses is discussed in Subdivision 4.4.3.1.2.

' 4.4.2.10.4 Uncertainty in DNB Correlation

| The uncertainty in the DNB correlation (Subdivision 4,4.2.3) can be written as

a statement on the probability of not being in DNB based on the statistics of

- the DNB data. This is discussed in Subdivision 4.4.2.3.2.

j 4.4.2.10.5 Uncertainties in DNBR Calculations

The uncertainties in the ONBR's calculated by THINC analysis (see Subdivision

! L.4.3.4.1) due to uncertainties in the nuclear peaking factors are accounted

for by applying conservatively high values of the nuclear peaking factors and
including measurement error alluwances. In addition, conservative values for the
engineering hot channel factors are used as discussed in Subdivision 4,4 2.3.4,

. The results of a sensitivity study (Reference 52) with THINC-1V show that the

minimum DNBR in the hot channel is relatively insensitive to variations in the
core-wide radial power distribution (for the same value of FﬂH).

. The ability of the THINC-IV computer code to accurately predict flow and enthalpy
. gistributions in rod bundles is discussed in Subdivision 4.4.3.4.1 and in

Reference 63. Studies have been performed (Reference 52) to determine the

; sensitivity of the minimum DNER in the hot channel to the void fraction correla-

tion (see alsoc Subdivision 4.4.2.8.3); the inlet velocity and exit pressure

| distributions assumed as boundary conditions for the analysis; and the grid
' pressure loss coefficients. The results of these studies show that the minimum

ONBR in the hot channe! is relatively insensitive tc variations in these parameters.

| The range of variations considered in these studies covered the range of possitle

variations in these parameters.

| 4.L.2.10.6 Uncertainties in Flow Rates

The uncertainties associated with loop flow rates are discussed in Section 5.1.
For core thermal performance evaluations, a thermal desian loop fiow is used

which is less than the best estimate lcop flow (approximately 4.3%). In addition
another 7.5 of the thermal design flow is assumed to be ineffective for core

heat removal capability because it bypasses the core through the various available
vessel flow paths described in Subdivision 4.4.3.1.1.

&.4.2.10.7 Uncertainties in Hycraulic Loads

| As discusse¢ in Subdivision 4.4.2.7.2, hydraulic loads on the fuel assembly are

evaluate: for a pump overspeed transient which create flow -ates 20% greater
than tre mechenical design flow. The mechanical design flow as stated in
Section 5.1 is greater than the best estimate or most likely flow rate value
for the actual plart operating condition (by approximately 4,5%).

b h.2.10.2 Uncertainty in Mixing Coefficient
The value of tne mixing coefficient, TOC, usec in THINC analyses for this

apglication is 0.038. The mean value of TODC ~btained in the "R' grid mixing tests
descrited ir Subdivisior 4.56.2.3.3 was 0.042 (for 26 inch grid spacing). The
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value of 0.038 is one standard deviation below the mean value; and ~90% of the
data gives values of TDC greater than 0.038 (Reference 46).

The results of the mixing tests done on 17 x 17 geometry, as discussed in
Subdivision 4.4.2.3.3, had a mean value of TDC of 0.059 and standard deviation
of o = 0.007. Hence the current design value of TDC is almost 3 standard
deviations below the means for 26 inch grid spacing.

L.4.2.1 Plant Configuration Data

Plant configuration data for the thermal-hydraulic and fluid systems external

to the core are provided in the appropriate Chapters 5,6, and 9. Implementation
of the Emergency Core Cooling System (ECCS) is discussed in Chapter 15. Some
specific areas of interest are the following:

]. Total coolant flow rates for the Reactor Coolant System (RCS) and each
loop are provided in Table 5.1-1. Flow rates employed in the evaluation
of the core are presented in Section 4.k,

2. Total RCS volume including pressurizer and surge line, RCS liguid volume
including pressurizer water at steady state power concitions are given in
Table 5.1-1.

3. The flow path length through each volume may be calculated from physical
data provided in the above referenced tables.

L. The height of fluid in each component of the RCS may be determined from
the physical data presented in Section 5.5. The components of the RCS
are water filled during power operation with the pressurizer being
approximately 60% water filled.

5. Components of the ECCS are to be located so as to meet the criteria for
NPSH described in Section 6.3.

€. Line lengths and sizes for the safety injection system are determined so as
to guarantee a total system resistance which will provide, as a minimum,
the fluid delivery rates assumed in the safety analyses described in
Chapter 15,

7. The minimum flow areas for components of the RCS are presented in Section
5.5, component anc Subsystem Design.

8. The steady state pressure drops and temperature distributions through the
RCS are presented in Table 5.1-1.

L.4.3 EVALUATION

k.4,3.1 Core Hydraulics

§.5.3:1:1 Flow Paths Considered in Core Pressure Drop anc Thermal Design
The fellowirs flow paths or core bypass flow are considered:

1. Flow through the snra, .~7zles into the upper head for head cooling purposes.
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= Elaw enterinc i=to che PCC guide thimbles to conl the central rods.

3. Leakage flow ‘rom the vessel in'et nozzle directly to ihe vessel outlet
~nz=le tmroush the gap betweer the vesse! and the barrel.

L., Flow artering into the core fro~ the baffle-barrel region throuch the gaes
Letwee~ the haffle glates.

The above conteibutiecss are evaluated to confirm that the desiam :=..» *' oorg
bvpass flew is met. The design value of core bypass ficw for teouire s fjual

to 7.57 of the total vessel flow. Of the total allowance, 5.55 is ass-cinies
with the internals (items 1, 3, and 4 above) and 2.0% for the carn.  lalculatiens
have heen performed using drawing tolerances on a worst case basis arc accounting
far uncertainties ir pressure losses. Based on these calculaticns. th- vore
bypass flov for McGuire is ;].SZ. This design bypass value is also used ir the
evaluatior of the core pressure drops auoted in Table 4.4.2-1, and the deter~ina-
tion of reactor flow rates in Section 5.1.

Flow mode! tests results for the flow path through the reactor are discussec in
Section U4.4.2.8.2.

.3 0.2 Inlet Flow Distributions

Data has been considered from several 1/7 scale hvdraulic reactar -ndel tests
(References 56, 57, anrd 64) in arriving at the core inlet flow maldistribution
criteria to be used in the THINC analyses (See Subdivisior 4.4.2.5.1). THINC

| analyses made using this data have indicated that a conservative desian basis
is to consider a 5§ percent reduction in the flau ta the kar accp==l., Fafarnnce
65. The same design basis of 57 reduction to tre St assembly i=niet Qs uead

in THINC IV analyses.

The experimental error estimated in the inlet velocity distribution has bcen
considered as outlined in Reference 52 where the sensitivity of changes in
inlet velocity distributions to hect chanmel ther-z] perfor-=ance s shown to

be smell. Studies (Reference 52) made with the irmproved THIN( model (TiINC-1V)
show that it is adeguate to use the 5% reduction in inlet flow to the hot
assembly for a loop out of service based on the experimental data in References
6 and 57.

The effect of the total flow rate on the inlet velacity d ' <t-ihution was studied
in the experiments of Reference 5&. As wac expected, on t7e Lasis of the thec-
retical analysis, no significant variation could b~ found i~ inlat velraity
distribution with reduced flow rate.

L. 4. 3.1.3 Empirical Fricticn Factor Correlations

Two empirical friction factor correlations are used in the THIRC-IV carmputer
code (described in Subdivisior L L. 3. 4.1).

The friction factor in the axial direction, parailel to the “url rog awis, is
evaluated using the Novendstern-Sandhera correlatine (RPefarance £F) Thie
correlation consists of the follouine:



(Figure 4.4.3-8). The two heated channels were coupied by valves at six axial
elevations. Upon detection of flow instability in the hot channel, the coupling
valves were opened and both channels became stable, as illustrated in Figure
L.&k.3-5. Holding all test parameters constant, the reclosing of these valves
alone caused & flow in the hot channel to become unstable again. This behavior
was observed on all runs performed and is presented as evidence:

1. That open channels are more stable than closed channels, and

2. Evaluations of the hydrodynamic stability of Westinghouse PWRs with
HYDNA are conservative.

L. L.3.6 Temperature Transient Effects Analysis

Waterlogging damage of a fuel rod could occur as a consequence of a power
increase on a rod after water has entered the fuel rod through a clad defect.
Water entry will continue until the fuel rod internal pressure is equal to the
reactor coolant pressure. A subsequent power increase raises the temperature
and, hence, could rais= the pressure of the water contained within the fuel
rod. The increase in hydrostatic pressure within the fuel rod then drives a
portion of the water from the fuel rod through the water entry defect. Clad
distortion and/or rupture can occur if the fuel rod internal pressure increase
is excessive due to insufficient venting of water to the reactor coolant. This
occurs when there is both a rapid increase in the temperature of the water
witnin the fuel rod and a small defect. Zircaloy clad fuel rods which have
failed due to waterlogging (References 79 and 80) indicate that very rapid
power transients are required for fuel failure. Normal operational transiznts
are limited to about 40 cal/gm-min. (peak rod) while the Spert tests (Reference
79) indicate that 120 to 150 cal/gm is required to rupture the clad even with
very short transients (5.5 msec.period). Release of the internal fuel rod
pressure is expected to have a minimal effect on the Reactor Coolant System
(Reference 79) and is not expected to result in failure of additional fuel

rods (Reference 80). Ejection of fuel pellet fragments into the coolant

stream is not expected (References 79 and 80). A clad breech due to waterlogging
is thus expected to be similar to any fuel rod failure mechanism which exposes
fuel pellets to the reactor zoolant stream. Waterlogging has not been identified
as the mechanism for clad distortion or perforation of any Westinghouse
Zircaloy-4 clad fuel rods.

An excessively high fuel rod internal gas pressure could cause clad failure.
One of the fuel rod design bases (Subdivision 4.2.1.1.1) requires the fuel
rod internal gas pressure not to exceed the nominal coolant pressure even
at the overpower condition. During operational transients, fuel rod clad
rupture due to high internal gas pressure is precluded by meeting the above
design basis.

L.4.3.7 Potentially Damaging Temperature Effects During Transients

The fuel rod experiences many operational transients (intentional maneuvers)
during its residence in the core. A number of thermal effects must be considered
when analyzing the fuel rod performance.
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The clad can be in contact with the fuel pellet at some time in the fuel life-
time. Clad-pellet interaction occurs if the fuel pellet temperature is increased
after the clad is in contact with the pellet. Clad-pellet interaction is
discussed in Subdivision 4.2.1.3.1.

increasing the fuel temperature results in an increased fuel rod internal
pressure. One of the fuel rod design bases requires the fuel rod internal
pressures not to exceed the nominal coolant pressure even at the overpower
condition (Subdivision 4.2.1.1.1).

The potential effects of operation with wateriogged fue! are discussed in
Subdivision 4.4.3.6 which concluded that waterlogging is not a concern during
operational transients.

Clad flattening, as noted in Subdivision 4.2.1.3.1, has been observed in some
operating power reactor. Thermal expansion (axial) of the fuel rod stack
against a flattened section of clad could cause failure of the clad. This

is no longer a concern because clad flattening is precluded during the fuel
residence in the core. (See Subdivision 4.2.1.3.1).

There can be a differential thermal expansion between the fuel rods and the
guide thimbles during a transient. Excessive mowing of the fuel rods could
occur if the grid assemblies did not allow axial movement of the fuel rods
relative to the grids. Thermal expansion of the fuel rods is considered in
the grid design so that axial loads imposed on the fuel rods during a thermal
transient will not result in excessively bowed fuel rods (See Subdivision
8:2.5.3.2),

4.4.3.8 Energy Release During Fuel Element Burnout

As discussed in Subdivision 4.4.3.3 the core is protected from going through
DNB over the full range of possible operating conditions. At full power nominal
operaticn, the minimum ONBR was found to be 1.72. From Figure 4.4,2-3, this
means that for these conditions, the probability of a rod going through DNB

is less than 0.9% at a 95% confidence level, based on the statistics of the
W-3 correlation. In the extremely unlikely event that DNB should occur, the
clad temperature will rise due to the steam blanketing at the rod surface and
the consequent degradation in heat transfer. During this time there is a
potential for chemical reaction between the cladding and the coolant. However,
because of the relatively good film boiling heat transfer following ONB, the
energy release resulting from this reaction is insignificant compared to the
power produced by the fuel.

DNB With Physical Burnout - Westinghouse (Reference 72) has conducted DNB tests
in a 25-rod bundle where physical burnout occurred with one rod. After this
occurrence, the 25 rod test section was used for several days to obtain more
DNB data from the other rods in the bundle. The burnout and deformation of

the rod did not affect the performance of neighboring rods in the test section
during the burnout or the validity of the subsequent DNB data points as pre-
dicted by the W-3 correlation. No occurrences of flow instability or other
abnormal operation were observed.
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DNB With Return to Nucleate Boiling - Additional DNB tests have been conducted
by westinghouse (Reference &1) in 19 and 21 rod bundles. In these tests, DNB
without physical burnout was experienced more than once on single rods in the
bundles for short periods of time. Each time, a reduction in power of approxi-
mately 10% was sufficient to re-establish nucleate boiling on the surface of
the rod. During these and subseguent tests, no adverse effects were observed
on this rod or any other rod in the bundie as a consequence of operating in
DNB.

b.4.3.7 Enerqy Release or Rupture of Waterlogged Fue! Elements

A full discussion of waterlogging including energy release is contained in
Subdivision 4.4,3.6. It is noted that the resulting energy re’'ease is not
expected to affect neighboring fuel rods.

4.4.3.10 Fuel Rod Behavior Effect  from Coolant Flow Blockeae

Coclant flow blockages can occur within the coolant channel- of a fuel assembly
or external to the reactor core. The effects of fuel assembly blockage within
the assembly on fuel rod behavior is more pro ounced than external blockages

of the same magnitude. In both cases the flow blockages cause local reductions
in coolant flow. The amount of local flow reduction, where it occurs in the
reactor, and how far along the flow stream the reduction persists are considera-
tions which will influence the fuel rod behavior. The effects of coolant flow
blockages in terms of maintaining rated core performance are determined both

by analytical and experimental methods. The experimental data are usually used
to augment analytical tools such as computer programs similar to the THINC-IV
program. Inspection of the DNB correlation (Subdivision 4.4.2.3 and Reference
Ly) shows that the predicted DNBR is dependent upon the local values of quality
and mass velocity.

The THINC-IV code is capable of predicting the effects of local flow blockages
on DNBR within the fuel assembiy on a subchannel basis, regardless of where

the flow blockage occurs. In Refereice €3, it is shown that for a fuel assembly
similar to the Westinghouse design, THINC-IV accurately predicts the flow
distribution within the fuel assembly when the inlet nozzle is comrletely
blocked. Full recovery of the flow was found to occur about 30 inches down-
stream of the blockage. With the reference reactor operating at the nominal
full power conditions specified in Table 4.4.2-1, the effects of an increase

in enthalpy and decrease in mass velocity in the lower portion of the fuel
assembly would not result in the reactor reaching a minimum DNBR of 1.30.

From a review of the open literature it is concluded that flow blockage in

""open lattice cores' similar to the Westinghouse cores cause flow perturbations
which are local to the blockage. For instance, A. Oktsubo, et.al (Reference
82), show that the mean bundle velocity is approached asymptotically about

L inches downstream from a flow blockage in a single flow cell. Similar results
were also found for 2 and 3 cells completely blocked. Basmer (Reference 83),
et.al., tested an open lattice fuel assembly in which 41% of the subchannels
were completely blocked in the center of the test bundle between spacer grids.
Their results show the stagnant zone behind the flow blockage essentially disap-
pears after 1.65 L/De or about 5 inches for their test bundle. They also

found that leakage flow through the biockage tended to shorten the stagnant

zone or in essence the complete recovery length. Thus, local flow blockages
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within a fuel assembly have iittle effect on subchannel enthalpy rise. The
reduction in local mass velocity is then the main parameter which affects the
DNBR. |If the McGuire units were operating at full power and nominal steady
state conditions as specified in Table 4.4.2-1, a reduction in local mass

veloc. ty greater than 53 would be required to reduce the DNBR from 1.72 to 1.30.

The above mass velocity effect on the DNB correlation was based on the assump-
tion of fully developed flow along the full channel length. In reality a local
flow blockage is expected to promote turbulence and thus would likely not effect
DNBR at all.

Coolant flow blockages induce local crossflows as well as promote turbulence.
Fuel rod behavior is changed under the influence of a sufficiently high cross-
flow component. Fuel rod vibration could occur, caused by this crossflow
component, through vortex shedding or turbulent mechanisms. |If the crossflow
velocity exceeds the limit established for fiuid elastic stability, large
amplitude whirling results. The limits for a controlled vibration mechanism
are established from studies of vortex shedding and turbulent pressure fluctua-
tions. The crossflow velocity required to exceed fluid elastic stability limits
is dependent on the axial location of the blockage and the characterization of
the crossflow (jet flow or not). These limits are greater than those for
vibratory fuel rod wear. Crossflow velocity above the established limits can
lead to mechanical wear of the fuel rods at the grid support locations. Fuel
rod wear due to flow induced vibration is considered in the fuel rod fretting
evaluation (Section 4.2).

Gob. 4 TESTING AND VERIFICATION

L4 4.1 Tests Prior to Initial Criticality

A reactor coolant flow test, as noted in Table 14.1.4-1, is performed following
fuel loading but prior o initial criticality. Coolant loop pressure drop

data is obtained in this test. This data in conjunction with coolant pump
performance information allows determination of the coolant flow rates at
reactor operating conditions. This test verifies that proper coolant flow
rates have been used in the core thermal and hydraulic analysis.

b.Lh.b.2 Initial Power and Plant Operation

Core power distribution measurements are made at several core power levels
(see Subdivision 4.3.2.2.7). These tests are used to insure that conservative
peaking factors are used in tha core thermal and hydraulic analysis.

Additional demonstration of the overall conservatism of the THINC analysis

was obtained by comparing THINC predictions to incore thermocouple measurements.
These measurements were performed on the Zion reactor (Reference 84). No
further in-pile testing is planned.

L4 3 Component and Fue! Inspections

Inspections performed on the manufactured fuel are delineated in Subdivision
4.2.1.4, Fabrication measurements critical to thermal and hydraulic analysis
are obtained to verify that the engineering hot channel factors employed in the
desiagn analyses (Subdivision 4.4.2.3.4) are met.
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Table 4.1-1 (1 of 3)

Reactor Design Comparison Table

THERMAL AND HYDRAULIC DESIGN PARAMETERS

w
W W N -

o~

35

35|

I

10.

1.

12.

sl 13.
- 14,

15.
16.
17.

18.
19.

20.
2V,

22.
23.

24,
25.

Reactor Core Heat Cutput, MWt

Reactor Core Heat Qutput, Btu/hr

Heat Generated in Fuel, %

System Pressure, Nominal, psia

System Pressure, Min. Steady State, psia
Minimum DNBR for Design Transients

Coolant Flow

Total Thermal t'ow Rate, 1b/hr

Effective Flow Rate for Heat
Transfer, 1b/hr

Effective Flow Area for Heat
Transfer, ft2

Average Velocity Along Fuel Rods,
ft/sec

Average Mass Velocity, Ib/hr-“t2

Coolant Temperature, ©F
Nominal Inlet

Average Rise in Vessel
Average Rise in Core
Average in Core
Average in Vessel

Heat Transfer

Active Heat Transfer, Surface
Aree, ft?

Average Heat Fiux, Btu/hr-ft2

Maximum Heat Flux for Normal Operation,
Btu/hr-ft2

Average Thermal Output, kw/ft

Maximum Therma! Output for Normal
Operation, kw/ft

Peak Linear Power for Determination of
Protection Setpoints, kw/ft

Heat Flux Hot Channel Factor, FQ

Fuel Central Temperature, ©F

Peak at 100% Power

Peak at Maximum Thermal Output for
Maximum Overpower Trip Point

[a] This limit is associated with the value of
[b] Includes the effect of fuel densification
[c] See Subparagraph 4.3.2.2.6

MCGUIRE UNITS 1 & 2
17x17 FUEL ASSEMBLY
WITH DENSIFICATION

REFERENCE PLANT
17x17 FUEL ASSEMBLY
WITH DENSIFICATION

EFFECTS EFFECTS
3411 3411
11,641.7 x 106 11,641.7 x 108
97.4 97.4
2250 2250
220 2220
>1.30 >1.30
144.7 x 106 132.7 x 106
133.9 x 106 126.7 x 108
51.1 51.1
16.6 15.7
2.62 x 106 2.48 x 106
559.1 552.5
58.4 64.2
62.5 6.9
590.4 585.9
588.3 584 .7
59,700 53,700
189,800 189,800
440, 300+9! 47t ,scole]
5.4y 5.4k
12.5(d] 13.6l2]
[c] {c]
18.0 18.0
2.32(0] 2.50(0]
3250 3400
L150 4100
Fq = 2-50

[¢] This limit is associated with the value of FQ -2.32
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Table 4.1-1 (2 of 3)

CORE MECHANICAL DESIGN PARAMETERS

Fuel Assemblies
26. Design
27. Number of Fue! Assemblies
28. UO; Rods per Assembly
29. Rod Pitch, in.
30. Overall Dimensions, in.
31. Fuel Weight (as UO7), pounds
32. Zircaloy Weight, 1bs.
33. Number of Grids per Assembly
34. Loading Technique

Fuel Rod.
35. Number
36. OQutside Diameter, in.
37. Diametral Gap, in., Regions 1,2, and 3
38. Clad Thickness, in.
39. Clad Material

Fuel Pellets
40. Material
41. Density (% of Theoretical)
42. Diameter, in., Regions 1,2, and 3
43. Length, in.

Rod Cluster Control Assemblies
44, Neutron Absorber
45, Cladding Material

L4L6. Clad Thickness, in.
47. Number of Clusters, Full
LB. Number of Absorber Rods per Cluster

Core Structure
49, Core Barrel,
5C. Thermal Shield,

1.0.70.0.; in,
§B-70:D.; in.

NULCEAR DESIGN PARAMETERS

Structure Characteristics
51. Core Diameter, in. (Equivalent)
52. Core Average Active Fuel Height, in.

Reflector Thickress and Composition
53. Top - Water plus Steel, in.
54, Bottom - Water plus Steel, in.
55. Side - Water plus Steel in.
5. H,0/U, Celd Molecular Ratio Lattice

MCGUIRE UNITS 1 & 2

17x17 FUEL ASSEMBLY

WITH DENSIFICATION
EFFECTS

REFERENCE PLANT
17x17 FUEL ASSEMBLY

WITH DENSIFICATION

EFFECTS

RCC Canless
193
264
0.496

8.426 x 8.426
222,739
50,913
8-Type R

RCC Canless

193

264

0.436
8.426 x 8.426

222,733

50,913

€-Type R

3 region non-uniform 3 region non-uniform

50,952
0.374
0.0065
0.0225
Zircaley-b

U0y Sintered
95
0.3225
0.530C

Ag-in-Cd

Type 304 SS-

Cold Worked
0.0185

53
24

168.0/152.5
Neutron Pad Design

N~

10
+10
~15

3.43

50,952
0.374
0.0065
0.0225
Zircaloy-4

U0: fintered
95
0.3225
0.530

Ag-in-Cd
Type 304 SS-
Cold Worked

0.0185

53

24

148.0/152.5

Neutron Pad Design

132.7
143.7

V10
10

15

3.43
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Table 4.3.2-1

Fuel Rods

Number

Qutside Diameter, in.
Diameter Gep, in.
Clad Thickness, in.
Clad Material

Fuel Pellets

Rod

Material
Density (percent cf Theoretical)
Fuel Enrichments w/o
Region |
Region 2
Region 3
Diameter, in.
Length, in.
Mass of U0, per Foot of Fuel Rod, 1b/ft

Cluster Control Assemblies

Neutron Absorber
Composition
Diameter, in.
Density, Ibs/in.3

Cladding Material

Clad Thickness, in.

Number of Clusters
Full Length

Number of Abscrber Rods per Cluster
Full Length Assembly Weight (dry), Ib.

Sheet 2 of 3

50,952
0.374
0.0065
0.0225
Zircaloy=-4

uoz Sintered
95

2.10
2.60
3.10
0.3225
0.530
0.364

Ag-In-Cd

80%, 15%, 5%

0.341

0.367

Type 304, Cold Worked
Stainless Steel
0.0185

53

24
157
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Table 4.3.2-1

Burnable Poison Rods (First Core)

Number

Material

Qutside Diameter, in.

inner Tube, 0.D., in.

Clad Material

Inner Tube Material

Boron Loading w/o B203 in glass red)

weight of Boron - 10 per foot of rod, 1b/ft
initial Reactivity Worth, Zic

Excess Reactivity

Maximum Fuel Assembly Ke= (Cold, Clean,
Unborated Water)

Maximum Core Reactivity (Cold, Zero Power,
Beginning of Cycle)

Sheet 3 of 3

1518

Borosilicate Glass
0.381

0.1805

Stainless Steel
Stainless Steel

12.5

.000419

7.63 (hot), ~5.5 (cold)

1.222
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Table 4.3.3-5

Comparison of Measured and Calculated Moderator

Coefficients at HZP, BOL

Unit Type/

Centrc!l Bank Configuration

3-Loop, 157 Assemblies,

12 foot core

D at 160 steps
D in, C at 190 steps
D in, C at 28 steps
8, C, end D in

2-Locp, 12) Assemblies,

12 foot core

D at 180 steps

¢ in, C at 180 steps

C and D in, B at 165 steps

B, C, and D in A at 17L steps

(1)

Measured o,
iso

(pem/OF)

(1)

-0.50
-3.01
-7.67
-5.16

+0.85
-2.40
-4.40
-8.70

Calculated a
(pem/OF)

iso

-0.50
-2.7

-7.02
-4 45

+1.02
-1.90
-5.58
-8.12

Isothermal coefficients, which include the Doppler effect in the fuel.
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Table 4.4.2-1

Reactor Design Comparison Table

McGuire Reference Plant
! & 207 %17 17 x 17 With
Thermal and Hydraulic Design Parametcrs With Densification Densification

Reactor Core Heat Qutput, MWt 3411 3411
Reactor Core Heat Output, BTU/hr 11,641.7 x 106 11,641.7 x 106
Heat Generated in Fuel, % 97.4 97.4
System Pressure, Nominal, psia 2250 2250
System Pressure, Minimum Steady
State, psia 2220 2220
Minimum ONBR at Nominal Conditions

Typical Flow Channel 2.05 2.C4
Thimble (Cold Wall) Flow Channel 1.72 1.71
Minimum DNBR for Design Transients >1.30 >1.30
DNB Correlation “R'" (W-3 with "R (W-3 with
modified spacer modified spacer
factor) factor)
Coolant Flow

Total Thermal Flow Rate, lb/hr 44,7 x 106 132.7 x 106
Effective Flow Rate for Heat

Transfer, 1b/hr 133.9 x 108 126.7 x 106
Effective Flow Area for Heat

Transfer, Ft? 51.1 51.1
Average Velocity Along Fuel

Rods, ft/sec 16. 6
Average Mass Velocity, lb/hr=ft2 2.62 x 108

Coolant Temperature

Nominal Inlet, OF . 552.5
Average Rise in Vessel, OF 8. 64.2
Average Rise in Core, OF ’ 66.9

Average in Core, OF : 585.9

Average in Vessel, OF ’ 584.7
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Table 4.4.2-1

Reactor Design Comparison Table

McGuire Reference Plant
16277 x V7 17 x 17 With
Thermal and Hydraulic Design Parameters With Densification Densification
Heat Transfer
Active Heat Transfer, Surface Area, Fe2 59,700 59,700
Average Heat Flux, BTU/hr-ft? 183,800 18¢,80C
Meximun Heat Flux, for normal
operation BTU/hr-ft hh0,300[d] b7h,500[°]
Average Thermal Output, kW/ft 5.44 5.44
Maximum Thermal Output, for normal
operation kw/ft 12.6ld] l3.6[‘]
Peak Linear Power for Determination
of protectior setpoints, kwW/ft IB.O[C] 18.0lc]
Fuel Central Temperature
Peak at 100% Power, OF 3250 3400
Peak at Thermal Output Maxinum for
Maximum Overpower Trip Point, ©F 4150 4150
Pressure Dropl(b]
Across Core, psi 27.6 + 5.6 25.0 + 5.0 i
Across Vessel, including nozzle, psie 47.9 + 7.2 42.6 + 6.4 ?

[a] This limit is associated with the value of Fg = 2.50

[b] Based on best estimate reactor flow as discussed in Section 5.1

[c] See Subdivision L.3.2.2.6

[d] This limit is associated with the value of Fo = 2.32

2 of 2
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Table 4.4.2-2

Thermal-Hydraulic Design Parameters For

One Of Four Coolant Loops Out Of Service

Total Core Heat Cutput, Mwt
Total Core Heat Output, 106 BTU/hr
Heat Generated in Fuel, %

Nominal System Pressure, psia

Coolant Flow
Effective Thermal Flow Rate for Heat
Transfer, 106 1bs/hr
Effective Flow Area for Heat Transfer, ft2
Average Velocity Along Fuel Rods, ft/sec
Average Mass Velocity, 106 1b/hr-ft2

Coolant Temperature, OF
Cesign Nominal Inlet
Average Rise in Core

Average in Core

keat Transter
Active Heat Transfer Surface Area, fFe2
Average Heat Flux, BTU/hr-ft2

Minimum ONB Ratio at Nominal Conditicns
Minimum DNB Ratio for Design and Anticipated

Transients

Without Loop
Stop Valves

2389
8154
7.4

2250

96.4
51.1
1.8
1.89

551.7

62.3
584 .4

59,70
132,9

>l_7l¢

>1.30

0
00
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(Figure h.2.3-k deleted)
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(Figure 4.2.3-12 deleted)
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t. Pressurizer Relief Tank Level

The pressurizer relief tank level transmitter supplies a signal
for an indicator and high and low leve! alarms.

The Reactor Coclant System design and operating pressure together with the
safety, power relief and pressurizer spray valve setpoints, and the pro-
tection system setpoint pressures are listed in Table 5.2.2-2.

The design pressure allows for operating transient pressure changes. The
selected design margin considers core thermal lag, coolant transport times
and pressure drops, instrumentation and control accuracy and resgonse char-
acteristics, and system relief valve characteristics.

Process control instrumentation for the Residual Heat Remova! System is
provided for the following purposes:

1. Furnish input signals for moniy ring and/or alarming purposes for:
a. Temperature indications

b, Pressure indications
¢c. Flow indications

o

Furnish input signals for control purposes of such processes as follows:

a. Control valve in the residual heat removal pump bypass line so that
it opens at flows below & preset limit and closes at flows abtove a
preset limit.

b. Residua! heat removal inlet valves control circuitry. See Section
7.6 for the description of the interlocks and reqguirements for
autcratic closure.

¢. Cuntrol valve in the residual heat removal heat exchanger bypass
line to contro! temperature of reactor coolant returning tc reactor
coolant loops during cooldown.

Ree idual heat removal pump circuitry for starting residual heat
reroval pumps on "S'" signel.

28
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Table 5.1-1

System Design and Operating Parameters

Unit Design Life, years
Nominal Operating Pressure, psig

Total System Volume, _including pressurizer
and surge line, ft

System Liquid Volume, including pressurizer water
level (60% full) at maximum quaranteed power, ft

NSSS Power, BTU/hr

40

2235

12,040

11,298

11,687 x 10

System Thermal and Hydraulic Data Temperatures

(Based on Thermal Design Flow)

Thermal Design Flow, GPM/Loop

| Total Reactor Coolant Flow, 1b/hr
~ Reactor Vessel Inlet Temperature, °F
. Reactor Vessel Outlet Temperature, °F

' Steam Generator Outlet Temperature, °F

Steam Pressure at Full Power, psia
Steam Generator Steam Temperature, °F
Steam Flow at Full Power, Ib/hr (total)
Feedwater Inlet Temperature, °F
Pressurizer Spray Rate, max., gpm
Pressurizer Heat Capacity, kw

3

Pressurizer Relief Tank Volume, ft

Flows and Pressure Drops
(Based on Best Estimate Flow)

Best Estimate Flow, GPM/Loop
Pump Head at B.E. Flow, ft
Reactor Vessel 4P, psi

Steam Generator &P, psi

Piping 4P, psi

6

97,500
144.7 x 10

559.1

)

€17.5
558.83
1000.0

544 .6
15.14 x 10
440.0

900

1800
1800

6

1a1,700
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The long term containment transient calculation was reevaluated uging the
LOTIC~1 computer code with initial containment temperatures of 60 F and
reduced power. This calculation was performed using the same input and
assumptions as those deta’led in Subdivision 6.2.1.3.4 except postfroth core
power was 5% of ESDR power, and the initial temperature in the upper, lower
and dead end compartment was 60 F. It should be noted that this calculation
has the following conservatisms:

1) The blowdown, reflood, and froth mass and energy release were done at
100%Z of ESDR power.

2) All structural heat sinks were at temperatures consistent with the
current analyses.

For this case the ice bed melted out at approximately 67500 seconds. The
peak pressure following ice bed meltant was less than 4.0 psig. Since
design pressure is 15.0 psig, this transient results in insignifi.ant con-
sequences with respect to demonstration of containment structural integrity.

6.2=41a Revision 35
New Page






i

r

v

The insulation cavity is filled with a low density, closed cell, foam
concrete. The nominal density of the foam concrete is 35 Ibs/ft3; the
compressive strength is 110 psi. The thermal conductivity per inch
thickness is nominally 1.0 Btu/hr-F-ft2, The insulation cavity for
the foam concrete is sealed by a vapor barrier to provide additional
assurance that the insulation section resists infusion of water vapor
“hus retains & high thermal resistance. The top surface of the
foam concrete is covered with a course of grouting which provides
seating surface for the floor plate and cooling coil assemblies.

Floor Drain

Special consideration has been given in the design to prevent freezing
of the floor drains and to minimize check valve leakage.

The floor drains employ a lcew thermal conductivity (transite) section

of pipe 12 inches in diameter, inserted vertically below the wear slab

to minimize heat gain to the ice bed. The horizontal run is @ 12 inch
diameter steel pipe embedded in the subfloor which is at & relatively

warm temperature. The drain check valve is a 12 inch diameter horizontal
valve fabricated from 304 or 316 SS welded per AwS D1.1-1872. The valve

is designed to remain closed against the cold air head in the ice condenser
tc minimize any heat inleakage and air outleakage during normal operation.
The valve is designed to tolerate a 15 psi back pressure when closed.

The check valve is in a warm environment and no freezing will occur. 7o
minimize air currents induced by the temperature difference between the ice

bed and the floor drain pipino, the floor drain openings are covered with
water soluble paper held in place with water soluble tapr.

6.2.2.1.3 Design Evaluation

Wear Slab

The wear slab, during normal operating conditions, is subject only to
its dead weight consistina of concrete, steel reinforcing, steel plates
and piping. Six inches of 100 percent density ice is assumed to be
uniformly distributed over the entire floor. The dead weight amounts
te 11,200 1bs per bay., the equivalent of 0.56 psi. The live load for
maintenance purposes is assumed to be 250 lbs/ft2. The vertical seismic
input is 0.35 g for 1/2 SSE and 0.55 g for SSE. The dead load plus
seismic loads are insignificant because the highest load on the floor
is contributed by blowdown pressure during design accident conditions.
The blowdown pressure is § psi, and added to this value, for desiagn
purposes, is a 40 percent design margin, and a dynamic load factor of
1.53. This results in & minimum value for design of 19.28 psi.

The most severe locading condition is the combination of the dead load,
the SSE seismic acceleration of 0.55 g, the 19.28 psi pressure load

and 8.1 psi locally near the deflectors due to flow inpulse loadings.
The wear slab is desianed to accommodate the heatup and cooldown cvcles
and 1/2 SSE without overstressing the concrete and coolant piping.
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Floor Cooling System

The embedded piping for floor cooling is 172 inch schedule 80 pipe.

The maximum coolant pressure in the pipe is approximately 100 psi. ANSI
B83]1.5-68 data shows that the pipe can tolerate internal pressures of
4812 psi.

In addition, the piping is tested to 200 psi. The pipe is sized to
allow for at least 38 mils of corrosion. Nevertheless, the glycol
coolant contains corrosion inhibitors, and as a result pipe corrosion

is negligible. The 1/4 inch floor plate is integrated with the

concrete through 1/2 inch diameter anchors welded to the plate on

12 inch centers. These anchors prevent therma! loads from congentrating
in the piping.

Insulation Section

The insulation section supports wear slab loads. For a conservative
analysis the wear siab dead weight + seismic + DBA loads were assumed
to be transferred to the foam concrete section. The compressive strength
of the foam concrete is sufficient to accept these floor loads.

¥
Eloor brain

Drains are provided at the bottom of the ice condenser compartment to
allow the melt/condensate water to flow out of the compartment during

a loss-of-coolant accident. These drains arz provided with check valves
that are designed to seal the ice condenser during normal plant operation
to preve''t loss of cold air from the ice condenser. These check valves
remain closed against the cold air head (1 psf) of the ice condenser and
open before the water head reaches a value of 18 inches of water.

For a small pipe break, the water inventory in the ice condenser is
produced in groportion to the energy added from the accident. The water
collecting on the floor of the condenser compartment then flows out
through the drains. For intermediate and large pipe breaks the ice
condenser doors are open and water drains through both the doors and

the drains.

For a large pipe break, a short time of the order of seconds is requirec
for the water to fall from the ice condenser to the floor of the compartment.
Results of fullscale section tests performed at Waltz Mill show that,
for the design blowdown accident, a major fraction of the water drained
from the ice condenser, and no increase in Containment pressure was
indicated even for the severe case with no drains.

A number of tests were performed with the reference flow proportional-type
door installed at the inlet to the ice condenser and a representative
hinged door installed at the top of the condenser. Tests were condugted
with and without the reference water drain area, equivalent to 15 ft™ for
the plant, at the bottom of the condenser compartment.
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d. Does withstand accident transient and environmental conditions.
e. Is missile protected.

Missile protection for isolation valves is the same as that provided for contain-
ment penetrations. Subdivision 3.9.2.8 describes penetration design criteria.
Penetrations and their isolation valves are located in areas which receive

design considerations with respect to missiles. In addition to design

criteria and physical considerations with respect to missiles, valve specifi-
cations speak directly to the regquirement of post-accident and environmental
operation which must be substantiated by the valve supplier by actual test
results.

Main steam line capability to withstand the dynamic forces of inadvertant
isolation valve closure is described in Subdivision 3.9.1.1.

lsolation valves and valve operators are selected with the same consideration
for safety that accompanies the selection of all ANS Safety Class 2 equipment.

6.2.4.3 Safety Evaluation

Based on the criteria set forth in the design basis, leakage through all piping
penetrations is minimized during accident conditions. By using double auto-
matic barriers, isolation is assured upon actuation of the engineered safety
systems or upon a high radiation signal. All postulated conditions of adverse
environment do not alter the proper operation of these valves. Selection of
valves of the proper quality plus periodic testing of the valve operability and
leak tightness assures a reliable isclation system under all conceivable
conditions.

A1l manually operated isolation valves have permanent tags attached stating
that the valve is to remain closed during unit operation. The operating proce-
dure controlling unit startup includes requirements to verify that these valves
are closed prior to unit operation.

No system is provided to continuously moniter the leak-tightness of the Contain-
ment. However, the fact that redundant isclation is provided in all cases for
valves required to operate following an incicent, the administrative procedures
concerning locked closed valves, and the testing procedures outlined in Techni-
cal Specifications provide confidence that the Containment Isolation System
will perform its intended function.

6.2.4.4 Tests and Inspections

Periodic testing of valves designed to effect containment isolation during
accident conditions is performed to determine their leak-tightness. Test

connections, test vents, drain connections and manual isolation valves are
provided to permit pressurization from the containment side of the valves

with the following exceptions:

a. Any globe or relief valve may be tested with pressure under the seat.
b. Butterfly valves are tested in the direction identified in Table 6.2.4-2,

The butterfly valves to be tested in the reverse directic “ave a seat
construction designed for sealing against pressure on eit side as

6.2-150 Revision 14
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shown in Figure 6.2.4=2, Thes. butterfly valves are leak tested in both
directions by the manufactur'r to demonstrate equivalent leakage from
either direction. Final ce - fication provided by the manufacturer
indicated that the value seat leakage tests were performec with acceptable
results when tested from either direction. Leak rate tests in the reverse
direction are considered acceptable by the ASME Code, Section X|, 1WV-3420,
since the test pressure is less than 15 psi.

c. Double disk gate valves may be tested by pressurizing between the seats.

d. Diaphragm valves may be tested by pressurizing from either direction.
Equivalent leakage rates were verificd by testing (See Table 6.2.4=4) .

Table 6.2.4-2 lists those valves subject to Type C leakrate testing per
Appendix J to 10CFR50., Also listed is the direction of test pressurization
relative to post-accident containment pressure; however, this may be modified,
consistent with the above exceptions.

Table 6.2.4=3 lists the penetrations not subject to Type C leakrate testing.
These penetrations are designed either as an open flow path through the con-
tainment vesse! during post accident conditions or do not communicate with
the rontainment and are therefore not required for leaktightness. Also, with
the . <ception of the four main feedwater penetrations, these penetrations all
connect to closed, seismic systems outside containment.

In addition to those listed in Table 6.2.4-3, the following penetrations are
not subject to Type C leakrate testing:

a. Main steam penetrations - main steam line isolation is provided for the
purpose of preventing reverse steam flow following a steam line rupture.
Containment atmosphere leak protection is provided by the seismic design
of the steam generators and main steam piping within the containment.

b. Fuel transfer tube-testing of this penetration is not required when the
spent fuel poo! is flooded since the poo! water supplies a back pressure
greater than maximum containment pressure.

¢. Containment pressure sensing lines - these penetrations must remain open
at all times to provide monitoring of containment pressure.

d. Residual heat removal normal letdown line - this penetration connects
directly to an active ECCS subsystem.

e. Process instrument impulse line penetrations.

Containment isolation valves located in lines where service can be interrupted
are exercised as described in subdivision 7.3.2.2. Containment isolation
valves which cannot be exercised during normal operation are tested during

shutdown periods. These valves are specified in the Technical Specifications.

6.2.4.5 Instrumentation Application

Refer to Section 7.3 for a discussion of instrumentation employed for the
actuation of the Containment lsolation System.
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Containment atmosphere is circulated by natural convection through a recombiner
wherv hydrogen is removed by heating to & temperature sufficient to cause
recombination with the Containment oxygen.

The recombiner consists of a thermally insulated vertical metal duct with
electric resistance metal sheathed heaters provided to heat a continuous flow

of Containment air (containing a low concentration of hydrogen), up to &
temperature which is sufficient to cause & reaction between hydrogen and oxygen.
The recombiner is provided with an outer enclosure to keep out water coming from
the Containment Spray System. The recombiner consists of an inlet preheater
section, @ heater-recombination section and a mixing chamber.

The unit is manufactured primarily of 300 series stainless steel or other
corrosion resistant, high temperature material for major structural components,
except for the base which is carbon steel. The electric hydrogen recombiner
uses conventional type electric resistance heaters sheathed with Incoloy=800
which is an excellent corrosion resistant material for this service. These
heaters are designed to cperate with sheath temperatures equal to those used

in certain commercial heaters; however, these recombiner heaters are designed
to operate at significantly lower power densities than is commercial practice.

Air is drawn into the recombiner by natural convection and passes first through
the preheater section. This section consists of a shroud placed around the
central heater section to take advantage of heat conduction through the walls
to preheat the incoming air. This accompl ishes the dual functions of reducing
heat losses from the recombiner and of preheating the air.

The warmed air passes through an orifice plate and then enters the electric
heater section where it is heated to approximately 1150-1400 F causing
recombination to occur. Tests have verified that tae recombination is not &
catalytic surface effect associated with the heaters but occurs due to the
increased temperature of the process gases. Since the phenomenon is not &
catalytic effect, poisoning of the unit as by fission products will not occur.
The heater section consists of five assemblies of electric heaters stacked
vertically., Each assembly contains individual heating elements. Operation
of the unit is virtually unaffected in the event of a few individual heating
elements failing to function properiy.

Table 6.2.5-1 gives the recombiner design parameters.

The power panel for the recombiner is located outside the Reactor Building in
an area accessible after a Loss of Coolant Accident. The panel contains an
isolation transformer plus a controller to regulate power into the recombiner.
This equipment is not exposed to the PosteLoss of Coolant Accident environment.
The control panel for the power source will be located in the Electrical Pene-
tration Room., For equipment test and periodic checkout, a thermocouple readout
instrument is also provided on the control panel for monitoring temperatures

in the recombiner. To control the recombirnation process, the correct power
input which will bring the recombiner abnhve the threshold temperature for
recombination will be set on the controller. Setting of the controller is
accomplished at the local control panel and power input monitored by a
wattmeter. This predetermined power setting will cover variatiuns in Con=
tainment pressure and hydrogen concentration in the Post-Loss of . -lant
Accident environment.
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Table 6.2 4-1 (Sheet | of 11}
Containment Plping Penetratiors & |selation Valve Data
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[
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Inside Globe Dlsphragm b ]
Inslide Rellef - —
Outslde Globe Motor T

Open

Open

Open

Open

Oper
Closed
Closed

Open

As Is
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Table 6.2.4-1 (Sheet 2 of i1)
Containnent Piping Penetrations & selation Valve bata

‘lhru(”
Line (5) (&)
Item (2) Pen. Leak Line Valve Valve Valve
Numbgr  Penetratlon _m___gﬁm__ﬂ_m_ﬂuum . Jype  Operator S
"n Reactor Makeup Weter Tank NE M259 2 el inside Check -
to W System ge OQutside Globe Motor
12 Ice Condenser lce Blowing NE M3 2 3 e Ins)de weld Cap -~~~
# Alr In b Outsi e weld Cap -~
13 fce Condenser lce Blowing NF 195 2 (] 6" toside weld Cap -
Alr Out & Outslde weld Cap -~
1h ice Condenser Glycol in NF M373 2 8l W Inside Check -
i Outs | fe Diaphragm Diaphragm
15 Ice Condenser Glycol Out NF niz2 2 A7 L inslos Gate Motor
L Gutsi e Gaie Diaphragm
1% Steam Generator Blowdown L1 Miu. 18 Al » Inside Globe Motor
Outsl fe Globe Motor
¥} Steanm Generator Blowdown 1] n301 8 Al b Inside Globe Motor
2 Outside Globe Motor
* 8 Steam Generator Blowdown 1] M304 18 Al s Inslde Globe Motor
2 Outsi le Globe Motor
9 Steam Generator Blowdown 1] M303 8 Al o Inside Globe Motor
o Outside Globe Motor
20 RHR Out From Loops NOD Mith 1A 05 W Insice Gate Motor
4 Inslcn Relief -
21 Boron !njectlon NI mist 1A Bh » Insida Check -
3/ Insida Globe Diaphragm
Iy Outside Gate Motor
L Outs i te Gate Motor
" Qutsi ‘¢ Globe Manua |
k 22 Nitrogen to Accumulators NI n33c 2 #l Insid~ Check -
» Outsi te Globe Mator
S 145

(N

Actuat ion

Signal Normal

T Closed
T Open

T Open

T Open

1 Open

T Open

1 Open

1 Open

T Upen

T Open

T Open

1 Open
Remot

Manua Closed
— Closed
S Closad

S Closed
Locked Clesed Closed

1 Closad

As

As

As
As

As
As

As
As

As
As

Is

Is
Is

Is
Is

Is
Is

Is
Is

i FSAR
Incldent _ Figure Mo,
- 9 63
Closed 93.6-3
Closed -
Closed -
Closed -
Closed 10.4.8-1
Closed 10.4.8-1
Closed 104, 8-
Closed 10.4.8-1
Closed 104,89
Closed 104 8-}
Closed 10.4.8-1
Closed 10, 6.8-1
Open/Closed $.5.7-1
- 5.5.2%
- b.3.2-1
- 6.3.2-1
Open 6.3.2-1
Open 6.3.72-%
6.3.241
- 6.3.2-2
Closod 6.3.2-2
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Table 6.2.%4-1 (Sheet 3 of 1)

Safoty Injection Test Line

Safety injection Pump To
Hot Leg

Safety Injection Pump To
Hot Leg

Safety Injection Pump To
Cold Leg

RHP Pump To Cold Leg

RHR Pump To Cold Leg

RHR Pump To Hot Leg

RHR Out From Sump

RHR Dut From Sump

Upper Head Injection

Upper Head Injection

thru'd)
Line (5) h)
(2) Pen. Leak Pen. Line valve Valve Valve
System Mo, Class Class Size Locat ion Type
wl mizl 2 Al 3N Insi e Globe Motor
Ik Latside Globe Motor
/4 Out s ide Globe Motor
P Irside Check -
NI M6 1A L33 ™ Insi le Check -
o insi fe Check .-
L Out«ide Gate Motor
/N Insice Globe Motor
NI nitae i s - e Insi fe Check -
g Insi e Check —
W Outside Gate Motor
U Insi e Globe { iaphragm
NI L 5L 1A L * Insile Check -
™ Insi ‘e Check -
" Insi e Check -
™ insl e Check -—
L Outs'de Gate Mator
" Insice Globe Diaphragm
ND Mize 12 rs 6 Insi e Check -
&' Insi o Check -
pe insi o Glohe Diaphraagm
8" Outside Gate Motor
ND n306 A L& 6" Insloe Check -
Lo tnsi e Check -
" insl e Globe Diaphragm
B8 Outs de Gate Moter
ND M277 A &3 a8 tosi e Check ——
8 Insi e Check -—
L iad Outs de Gate Motor
Insic: Globe Diaphraqm
Nt M278 11 c 3" Outs de Gate Motor
N M302 i ci we Outs de Gate Motor
Nl M3 A Bl | Instie Check e
w Outs e Gate Piston
Nt M9 1A (1] | o insi = Check -
gl Outside Gate Tiator
: i Dats te Globe Mot or
/6" Dutsice Glabe Motor

These isolation valyes are common 1o penetrations MI3h and M3hY

Containment Piplng Penstrations & Isolation Valve Data

43
Actuation

Operator Signal

Remot
Manua

Manual

gt
ﬁeﬂmr

Manual

Remote/Manval ey cog

Manua
| 1
it
oot

Remot e
Manual

T
T

e Valve Position _ _ F5AR
_Wormal __Fail _ incldent _  iigure
Closed As in Closed 6.3.0~0
Closed As I« Closed 6.3.0-3
Closed As Is  Closed 6.3.7-3
- . - 6.3.2-3
- i - - 6.3.2-3
- el -— 6.3.2-3
Closed As s Open/Closed 6.3,.7-3
Closed As s Closed 6.3.2-%
e ;e 6.3.2-3
e - .- 6.3.7-3
Clased As Is  Open/Closed 6 .3.2-9
Closed Closed --- 6.3.2-3%
- - e $.3.2-3
- o= - 6.3.2-)
e e ew 6.3.23
- -— o 6.3.7-3
Open As Is Cpen 6.3.2-3
Closed Closed .- 6 3.2-3
—— - - £$.35.2-3
- —— - 6.3.2-3
Closed Closed --- 6.3.2-3
Open As s Open 6.1.23
- — ow 6.3.2-3
wabegh o b 6.3.2-3
Closed Close’ === 6.3.7-3
Open As Is Open 6.3.2-3
- o= = 6. 8.~
- - - £.3.2+2
As ¥s  Open/Closed  6.3.7-3
Closed As Is .- 63213
(lo<ed As 1« Open/Closen 6.3.2-*
Closed As is. . Dpen/tieser 6,3.7:2
= . - 6304
Oper As s Open/Closed €.3,2:4
sy i A €,1,0
Oper As Oper/Closed 6,.3,244
Closed As Is Closed 6.3.2-4
Closed As 1s  Closed 6.3.2-%
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15 | Table 6.2.64-1 (Sheet & of 1)
Containment Piping Penctrations & Isolation Valve Bata

Thra!®
Line (5) (&) (n
Item () Pen.  Leak Pen, Line  Valve Valve valve Actuation Valve Position FSAR
Nuber _ Pengtration System Mo,  Class  Class  Size  Llocation Type  Operator _  Signal Mormel _ Fail  Iocident ~ Figure Mo,
) Upper Head Injection NI LI 2 XY g Inside Globe Motor T Closed As Is  Closed 6.3.2-4
Test Line 2" Inside Globe Motor T Closed As Is  Closed 6.3.2-4
» Outside Globe Hotor | Closed As 1y Closed 6.3.2-4
™ Insic Reliet Spring v Closed Auto Auto 6.3.2-4
35 Contaimment Spray in NS m362 12 8l 8 Inside Check - = - - - 6.5.2-4
8" Outside Gate Mator ¥ Closed As 1s  Open €.5.2-1
3 Contalnment Sprey In HS n370 1A 8l a8 inside Check ——— - .- .- - ©.5.2-1
a8 Outsi fe Gate Motor P Closed As Is  Open 6.5.2-1
LB Contalnment Spray In NS n380 1A 81 8 insid: Check - -—- .- —— --- 6.5,2-1
a8 Outsi fe Cate Motor 4 Closed As Is  Open 6.5.2-0
38 Contaimment Spray In NS N8y A 81 a" Insics Check --- - - - - 6.5.2-0
a8 Outsi fe Gate Hotor P Closed As Is  Oper 6.5.2-1
9 #HR To Containment Spray NS M9 1A 81 a8 Insid: Check - .- .- - - 6.5.2~0
8 OQutside Gatc Motor ::--mul.- Closed As Is  Open/Closed 6.5.2-1
STALTE }
Lo KHR To Containment Spray NS LELY} 1A 81 8" Insid: Check -— - ——- - - 6.5,2-1
& OQutsi de Gate Hotor Remote Closed As s Open/Closed €.5.2-0
Manual
6 |4 Contalnment Floor Sunp Incore WL nizh 2 6 i tasid: Diaphragm Motor T Open As 1s  Closed 18,2.2-)
| Inst. Sump Discharge L Outsi fe Diaphragn Motor T Open As Is  Closed 11.2.2+0
; 344 nside Relief e - Closed Auto to 10.2.2-1
b2 Reactor Coolant Drain Tank Gas WL H360 2 Al 34 Insid: Diaphragn Motor T Open As Is  Closed 1.2.2-2
Spece to Waste Gas System iYa Outsi le “laphragm Motor T Cpen As Is  Closes W.2.2-2
1
0|43 Reactor Coolant Drain Tank Wl M375 F A7 . & Insid: Diaphrage Motor T Open Ax 15 Closed 1.:.2-2
Heat Exchanger Discharge w> insles Check - -—— - —— - 1.2.2-2
‘ » Outsi fe Diaphrage Motor T upen As 1s  Closed 11.72.2-2
Laeked
‘“0 tquipment Decontemlination wi M356 2 - 3 Insid: Globe Manual Clesed Closed  As 15 Closed "n.i.7-1
13 Dutsi fe Globs Marnsal tfm Closed As s Closed n.:.2-9
osed
| 'hs Pressurizer Sample X M235 2 A6 374 Inaid: Globe Motor 1 Closed As s Closed 9.3.7-0
N Insid: Globe Motor T Closed As s Cloted 9.3.7-0
3/ Insics Relicf Spring .- Closed Auto Auto 5.3.0-8
347 Outsite Globe Motor T Closed As !'s  Close: 3,0}
/ - - :
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Table 6.2.5-1 (Shoet 5 of 1))
Contalnment Plping Penctrations & i1sol tion Valve Data

(3)
(5) () W
Pen, Line Valve Valve Valve Actuation
Class Size  Location _ Type . Operator Signal
Ab 3/ Inside Globe Motor L ;
KV Inslde Globe Motor | §
30 Inside Rellef Spring ——
b L Outside Globe Motor T
A6 3/N Incide Globe Motor 1
Jfu Inside Clobe Motor 1
3/ Inside Globe Motor T
3 toslhde Globe Motor T
3 Inside Relief Sprin: -
3/ vutsice Globe Motor T
AE 3 Inside Globe Motor 1
bTL Inclde Globe Motor T
VA ineide Rellef Sprine -
LV Outside Globe Motor
AF 3740 Inside Globe Motor T
it Incide Globe Motor 1
3 inside Relicf Sprin-
L Qutside Globe Hotor T
A6 LA Ineids Globe Motor 1
SILOE lnside Globe Motor |
34 Inside Relick Sprin :
AP Out<ite Globe Motor 1
A€ 3 Inside Globe Motor 1
378 Inside Globe Hotor : |
370 Ine " de Relicf Sprie -
3/ Out«cide Globe Motor T
L1} " Ieside Cherk “e- -
. b Outside Wiathrac . Motor T
A7 - Inside Diaghiracn Motor T
r in<ide [ .- v
» Out=iae Biaphraqn Motor T
1] L inside Check -
8 Out«ide hiaphe oy Motor [

rormal __all
Closed A
Closee A s
Closed Auto
Closnd A i
tloio A
Close” A
Clos= Ar it
Close: A
Cloce Fieto
Slor e Ay 3
Clos« Ay
Zlo As 1Is
hoses Aute
“loe A
lace A
“los~ A
Clo - Auto
Clos~ R
Close A- s
Close As o
tlo:~ Asto
’:'0 P b
tho.- A
Clo = As |
Clo ~- Aiuto
Clos- A
I R
Op-r '

Op 1 A
Np-y A

Yalve Position

sngicent

Close:

Clo:»
Auto
Close

Closer

Cloos
Clos«
Clo-»
Auto

Clove

Clos~
Close
Auto

Close

Cloce:

“lose
Ato

“

tlosa,

Cloc~
tlos=
fato
tlos -

f'n
thos»
s
o

o «

“n

to .
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Table 6.2.4-1 (Sheet 6 of 11)

Containment Piping Penetrations & lsolation Valve Data

‘ Thru“)
Line (5) (&) (1)
‘ Item (2) Pen. Leak Pen. Line Valve Valve Valve Actuation Valve Position fSAR
‘ Number Penetration System No. Class Class Size Location Type Operator  Signal Norma | Fail Incident Figure No.
35 | 55 Component Cooling From Re- KC M320 2 A7 a" Inside  Diaphragm Motor P Open As s Closed 9.2.4-3 |
T 8 actor Vessel Support Coolers i Inside Check e - wne e e 9.2.4-3
: 35 & RCP Coolers a" Outside Diaphragm Motor P Open As Is Closed 9.2.4-3 |
56 Component Cooling To Excess KC M218 8 D2 > Outside Gate Motor T Closed As Is Closed 9.2.4-3
‘ Letdown HX
I 30
I 57 Component Cooling From Excess KC M217 18 D2 » Outside Gate Motor T Closed As Is Clesed 9.2.4-3
Letdown HX t
5 58 Component Cooling To Com-  KC W22 2 A7 2 inside  Globe  Motor T Closed  As Is Closed  9.2.4-4 |
ponent Cooling Drain Tank T Inside Check - .- —ee ——— o= 9.2.4-4
3 Outside Globe Motor T Closed As Is Closed 9.2.4-4
59 Nuclear Service Water To RN M307 2 A7 [ inside Diaphragm Motor P Open As Is Closed 9.2.2-4
Reactor Coolant Pump 6" Outside Diaphragm Motor P Open As Is Closed 9.2.2-4
35
60 Nuclear Service Water From KN M315 2 A7 6" inside  Diaphragm Motor P Open As Is Closed $.1.2-%
Reactor Coolant Pump 6" Outside Diaphragm Motor P Open As 1s Closed 9.2.2-4
61 Incore Instrumentation Room VP M213 2 AS ¥ Inside Butterfly Diaphragm T Closed Closed Closed 9.4.5-1
Purge In Outside Butterfly Diaphragm T Closed Closed Closed 9.4.5-1
5
62 Incore Instrumentation Room VP MI38 2 A5 24 Inside Butterfly Diaphragm T Closed Closed Closed 9.4.5-1
Purge Out Outside Butterfly Diaphragm T Closed Closed Closed 9.4.5-1
63 Upper Compartment Purge VP M367 2 AS 24 Inside Butterfly Diaphragm T Closed Closed Closed 9.4.5-1 ‘
Irlet Outside Butterfly Diaphragm T Closed Closed Closed 9.4.5-1
64 Upper Compartment Purge e M4SH 2 AS 24 Inside Butterfly Diaphragm T Closed Closed flosed 9.4.5-1
20 | Inlet Outside Butterfly Diaphragm T Closed Closed Closed 9.4.5-1
€5 Lower Compartment Purge VP M357 2 A5 24" inside Butterfly Diaphragm T Closed Closed Closed 9.4.5-1
Inlet Outside Butterfly Diaphragm T Locked Closed Closed $.4.5-1
Closed
66 lLower Compartment Purge VP Mhs56 2 AS 24" tnside Butterfly Diaphragm T Closed Closed Closed 9.4.5-1
Inlet Outside Butterfl Diaphragm T Locked Closed Cloced 9.4.5-1
20 Closed
67 Containment Purge Exhaust vp M368 2 AS 24 inside Butterfly Diaphragm | Closed Closed Closed 9.4.5-1
Outside Butterfly Diaphragm T Closed Closed Closed 9.4.5-1
Revision 3§



Table « ! (Sheet 7 of 11}

Containment Piping Penetrations & Isolation Valve Data

(3

(&) ) .
Valve Valve Valve Actuat ion Valve Positic FSAR

Penesea ion Location  Type Operator  Signil tisrmed " Fall ™ Wncident Fiauee Mo

Diaphragm i (losed Closed  Closed
Outs i e Butr wfly Diaphragem  ; Closed (loses Clased

Containment Purge Exhaust 3 " logids Butterfly

A I
A5

Containment Purge Eihaust b i Buttecfly  Dianhragm Closed Closed Closed

Outside Butterfly Diavhragm Closed Closed  Closed

Feedwater - Outsite Gate Piston Open As 1y Closed
Outside Globe tianual - Clpsed A s Closed
Outside Glohe Hotor Closed As s Closed

feedwater Outside Gare Fitson Opern Closed
Outside Globe Manual Closed Closed
Outside Globe Nator f Yosed Closed

Fredwater Outs i de Gare Piston Open (loced
Quiside Globe Nanual Closed Closed
Outsite Globe Motor (losed Closed

Feodwater Quitsi le fate Piston Onen As Is Closed
Outsite Globe Hanua ! Clored As te Closed
Qutside Globe otor S (losed As s Closed

Main Steam Dutsite Gate Piston Onen Closed Closed
Outsite Safety So ing Closed Aute Auto
Outside Safety Spring Closed Auto Aute
Qutsi ‘e Safery Spring Closed Auto Auto
Outsi te Safety Spring (losed Auto Auta
Outsi fe Safery Spring Closed Auto Auto
Outsi e Gate Diaphragm Closed Closed Closed
Outsi fe Gate Diaphragn Closed Closed Closed
Qutsidte G lohe Diaphragm Open Open Open

' i

,

R
NNN N NYNNNNYNS
‘ ’ i

- - -

'

Qutside Gate Piston P Open Closed Closed
Qutsite Safery Spring f losed Auto Aute
Outs ide Saftety Spring losed Auto Auto
Outsi le Safety Spring {losed Aunto Auto
Outsi e Safery Spring Closed Auro Ant o
Outst te Safety Spr ing losed Auto Auter
Dutrsi de Gate Diaphragm Closed Closed Closed
Outside Gate Diaphr agm {losed Cloced e
Oulsi tw Tlobe Caphragm Dpe Open Open

* '
- - - -

N N e e e e e
NN NN

l3tn Steam Quts ide Gate Piston Open Closed Cloand

Outside Safery Spring Closed Auto it
Juts i de Safety Syring Closed Auta Auto
Dutside Safetry Spring Closed Auto Auto
Outside Safety Spring Ul GEEE futn fute
Outside Safery Soring Closed Auta Aute
Outside Care Niaphragm [ losemd Closed Closcd
Outside Gate Diaphraam Closed Closed Closed
Out s ide Globe Diaphragm Open Dpen Open

2% YRR Tw

o
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5|
l’hruu)
Line (5)
tem (2) Pen. Leak Pen.
Musber  Fenetration System Mo,  Class Class
77 Maln Steam M Mish 18 03
L]
78 Deminerallzed Water ™ i3y 2 Bl
79 Contalnment Vent latlon RV M240 2 AY
Cooling Water In
5 L Containment Ventlilation RV M385 2 AY
: Cooling wWater In
L1} Contalnment Ventilation RV N390 2 "
Cooling Water Guc
LV Contalnment Ventilation RV M279 2 A7
Coollng Water Out
i 83 onstrument Alr vi M220 2 1]
84 Statlon Alr vs H219 2 Bl
20
8 Breathing Alr Ve n215 2 Bl
| e Contalament Pressure Sensor MlNE 13 0N
LY n2ky IF ok
% mho2 113 4]
.
89 n3l3 ¥ o4
90 Contalnment Sample Out v Mize 2 A2
|
L Ll Contalnment Sample In VX M35 2 8l
‘\v"

Table 6.2.4-1 (Shect 8 of 13)
Containment Piplrg Penetratlons & Isolation Valve Data

(&)
Line Valve Valve Valve
. Slze locetion _Type  Uperator

3 Outs | de Gate Piston
6" Outside Safety Spring
6" Outslde Safcty Spring
6" Outslde Safety Spring
6" Outside Safety Spring
6 Outside Safety Spring
6" Qutside Cate Diaphragm
¥ Qutside Gate Diaphragm
» Outside Globe Diaphragm
b Inslde Check ——
™ Outside Globe Motor
jae Inslde Buttertly Motor
2 Outside Butiertly Motor
34 Ins ide Check -
6" Inside Diapl.ragn Motor
6" Outside Diaphragn Motor
6" Inside Diaphragm Motor
6" OQutside Liaphragn Motor
o inside Butterfly Motor

o Outside Butterfly Motor
L inside Check s
o Ins ide Check ——
 a Dutside Liebe Motor
e Inside Check ==
2" Outside Giobe Motor
* inslde Check -
2" Outside Gate Mot or
" Inside Diaphragm  Diaphragm
" Inslde Diaphiagm Dlaphbragm
" Outside Diapiiragm Manual
» tnside Check e
" Outslide Diaphragm Manual

()

Actuat ion

Signel

*Te '™

v

T

Jestes

Close

Locked
Closed

. Valve Position
Morma)  Fail _ Incident
Upen Closed Closed
Closed Auto Auta
Closed Auto Auto
Closed Auto Auto
Closed Auto Auto
(Vosed hkuto Auto
Liosed Closed Closed
Closed Closed Closed
Open Open Open
Oper As Is  Closed
Open As Is  Closed
Oper As Is Closed
Oper As Is Closed
Open As Is Closed
Oper. As 1s  Closed
Open As Is  Closcd
wen As 1s  Closed
Oper As Is  Closed
Open As Is  Closed
Open As Is Closed
Upen As Is  Closed
Closed Closed

tlos; l:n:d H‘élt‘»
Closed Closed Closed
Closed As Is  Closed
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Table 6.2.4-1 (. <t 9 of 11)
Lontainment Piping Penetrations & Isolation Valve Data

Ihru”)
Line (5) () (1)
Item (2) Pen. Leak Pen. i Valve Valve Valve Actuation Valve Position FSAR
ltgl’b_cj_____ﬁe_i_\etm(in_n____ System __ No. Class Class Size Location  Type Operator_Signal Normal  Fail Incident  Figure No,

92 Auxiliary Feedwater CA Hi156 18 D1 Qutside Gate Motor - Open As 1s  Open
o Qutside Gate Motor e Open As 1s Open

[ih} Outside Gate Motor S Closed As Is Closed
93 Auxiliary Feedwater CA M286 D Outside Gate Motor - Open As Is Open
Outside Gate Motor - Open As Is fOpen

Outside Gate Motor 5 Closed As Is Closed
g% Auxiliary Feedwater CA M310 Outside Gate Motor - Open As Is Open
OQutside Gate Motor e Open As Is Open

Outside Gate Motor S Closed As Is Closed
Auxiliary feedwater ML6S Outside Gate Motor - Open As 1s  Open
: Outside Gate Motor Open As Is Open

Outside Gate Hotor S Closed As 1s Closed

Refueling Cavity To Mis8 Inside Diaphragm Manual Closed As Is Closed 9.
RW Pump OQutside Diaphragm Manual Closed As Is Closed 9.
tnside Check “-- - - - 9.

Refueling Cavity From M377 2 Inside Check - = - 9
RW Tank OQutside Gate Manual Closed —— 9.
6.

6.

6.2

6.2

Hydrogen Purge In E Mis Inside Check - N e Eyees
Qutside Diaphragm Motor T Closed . Closed/Open

Hydragen Purge Out M3h6 inside Gate Motor T Closed Closed/Open
Outside Gate Motor T Closed Closed/Open
" iﬂl,
Fuel Transfer Canal ; Inside Flange - Bolted Closed Closed
Outside Gate Manual Locked Closed Closed
Closed
Locked

RCP Motor Drain Tank Pump Diaphragm Manual Closed Closed . Closed
to Waste Dil Storage Diaphragm Manual Locked Cloved Closed
Closed

Containment VYentilation i Sutterfly Motor Open § Closed
Units Cond, Drains to Butterfly Mator Closed
Cond. Drain Tank Check e .- -

Instrument Alr > Check e i
Globe Open : Closed

Instrument Air i Check - -
Globe Open Closed

Instrument Air Check = >y
lobe Closed
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20
35

35

1tem

Buwber  Fenetration

1ok

167

104

10%

0

Contalvment Aiy
Re lease

Contatneent Air
Addition

Reac tor Coolant Pusp
Moror Oil Supply

Fire Protection
Header

Ausilbiary Spray
1o Pressurizer

Table 6.2.4-) 140 of 11)

Containme ot Fiping Penetrations & Isolation Valve bata

wau(”
Line  {5) (&)
{2) Pen . Leak  Pen, Line Valve Valve Valve Actaalt ion Valve Positic © f SAK L
Systuem Wo. Clasy Class  Size Locat ion  Type Operator  Sigoal  Wormal Fail  Incident  Figwe No
vQ Mok 2 Al (38 Inside Diaphraga Piston T Closed Closed  Clused 85:02-3 '
Outside Disphragm Piston 1 Closed Closed  Closed 9.5.%2-3
Vg M 384 2 (3] 6" Inside Diashragm FPiston Closed Closed Clused 9.5.02=1
Outside Digphwagm Piston T Closed Closed C(losed Y5 . 42=) !
NL M6 2 A5 g Inside Globe Moter T Closed As s Flosed )
Gutside  Globe Motor T Closed As Is  Closed I
Insige Check - oo Ao e .y
i M353 2 B2 L inside Check bl - we s e 9.5.1-2 )
6" Outside Diaphrags Manua) - Locked Closed Closed §.5.0+~2
Closed l
Ny M228 14 B2 b o Inside Check o - e - = 9.3. 41
2" Outside  Globe Diaphragm .- Closed Closed  Closed 9.3.4-1
Revision 34
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Table 6.2.4-2 Sheet | of 4

Containment Isolation Valves Subject
to Type C Leakrate Tests

Pene- FSAR Valve Valve Line Actuation Direction of Test Press.
tration Fig. No. Number Type Size Signal Relative to Cont. Press.
6 M216 5.1=2 NCS7 Check b Normal
5.1=2 NC56B Diaphragm 3" T Normal
M212 5.1=2 NC54A nlobe ™ T Normai
5.1=-2 NC53B Glonhe e 5 Normal
M326 - NC141 Diaphragm 2" L L. Reverse
-— NC142 Diaphragm 2" L.C. Normal
M330 6.3.2-2 NIL8 Check Normal
6.3.2-2 NI4T7A Globe R L j Normal
M321 6.3.2-2 NIS5A Globe 3/4" L Reverse
6.3.2-2 Ni96B Globe /4" T Normal
6.3.2-3 NI120B Globe 3/4" T Normal
N1436 Check w Normal
M259 9.3.6-3 NB260B Globe " T Normal
9.3.6-3 NB262 Check AL Norma |
M373 .- NF228A Diaphragm 4" T Normal
- NF229 Check yn Normal
M372 c-- NF234A Diaphragm 4" T Normal
-y NF233B Diaphragm 4" T Reverse
M348 6.3.2-4 NI266A Globe 2" T Reverse
6.3.2-4 NI267A Globe 2z Reverse
6.3.2-4 NI264s Globe 0" T Hormal
6.3.2-4 NI336 Relief 2V Reverse
M374 11.2.2=1 WLES5B Diaphragm 4" T Normal
11.2.2-1  WL6L: Diaphragm 4" T Reverse
11.2.2-1 WL264 Relief 3/4" Reverse
M360 11.2.2=2 WL3%A Diaphragm 3/4" T Reverse
11.2.2-2 WL41E Diaphragm 3/4" T Norfal
M375 11.2.2-2 WL2A Diaphragm 3" T Reverse
11.2.2-2 WLIB Diaphragm 3" T Norma .
11,2.2-2 WL24 Check LF & A Normal
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Table 6.2.4-2 Sheet 2 of 4

Containment Isolation Valves Subject
to Type C Leakrate Tests

Pene- FSAR Valve Valve Line Actuation Direction of Test Press.
tration Fig. No. Number Type Size Signal Relative to Cont. Press.
M356 11.2.2-9 WE13 Globe ¥ a2 LB Normal
11.2.2-9 WE23 Globe Vo LG Reverse
M235 9.3.2-1 NM3A Globe 3/40 T Normal
9.3.2-1 NM6A Globe 3/4" T Normal
3.3.2-1  NM67 Relief  3/4" Reverse
9.3.2-1 NM7B Globe 3/4" T Normal
M309 9.3.2-1 NM26B Globe 3/4" T Normal
9.3.2-1 NM2SA Globe 3/4" T Normal
9.3.2-1  NM22A Globe 3/4" T Normal
20 9.3.2-1 NM68 Relief  3/4" Reverse
M280 9.3.2-1 NM72B Globe 3/4" T Normal
9.3.2-1 NM758B Globe 3/4" ;7 Normal
9.3.2-1 NM78B Globe 3/4" k3 Normal
9.3.2-1 NM81B Globe 3/4" T Norma |
9.3.2-1 NM6S Relief  3/4" Reverse
9.3.2-1 NM82A Globe 3/4" T Normal
M322 9.2.4-4 KCh47 Check 3/4" Normal
9 2.4-4 KC429B Globe - 1 Normal
9.2.4-4 KC430A Globe b T Normal
M307 9.2.2-4 RN252B Diaphragm " P Normal
9.2.2-4 RN253A Diaphragm 6" p Reverse
35
M315 9.2.2-4 RN2778 Diaphragm 6" P Hormel
9.2.2-4 RN276A Diaphragm 6" P neverse
M213 9.4.5-1  VP17A Butte-fly 12" T Reverse
3.4.5-1  VP18B 3utterfiy 12" T Normal
M138 9.4.5-1 VPI1SA Butterfly 24" T Reverse
9.4.5-1 VP20B Butterfly 24" T Normal
20 M367 9.4.5-1  VPIB Butterfly 24" T Normal
9.4.5-1 VP2A  Butterfly 24" T Reverse
MLShL 9.4.5-1 VP3B Butterfly 24" T Normal
9.4.5-1 VPLA  Butterfly 24" Y Reverse
M357 9.4.5-1 VP6B Butterfly 24" T Normal
9,.4,5-1 VP7A  Butterfly 24" T Reverse
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Table 6.2.4-2 Sheet 3 of 4

Containment Isolation Valves Subject
to Type C Leakrate Tests

Pene- Valve Valve Line Actuation Direction of Test Press.

§

tration Number Type Size Signal Relative to Cont. Press.

ML56 yP8B  Butterfly 24" Normal

VP9A  Butterfly 24" Reverse

&S & O

.
ARV )
-t -

M368 VP10A Butterfly 24" Reverse

VP11B Butterfly 24" Normal

W O 0\
. . .- .

¥ . 9
- —

E o
. .
vy

20

ML55 9.4.5-1 VP12A Butterfly 24" T Reverse
9.4.5-1 VP13 Butterfly 24" T Normal
M119 9.4.5.1 VP15A Butterfly 24" T Reverse
9.4.5.1 VP16B Butterfly 24" T Normal
I
M337 9.2.6-8 YM116 Check = Normal
9.2.6-8  YMI15B  Glope 2" T Normal
35 M240 10.4.5-3 RV32A Butterfly 12¢ P Normal
10.4.5-3 Rv33B Butterfly 12¢ P Normal
20 | 10.4.5-3 RV130 Check 3/4" Normal |
M390 10.4.5-3  RV101A Diaphragm 6" P Reverse
10.4.5-3 RV1028 Diaphragm 6" P Normal
M385 10.4.5-3 RV79A Diaphragm g P Normal
35 10.4.5-3 RvBog Diaphragm g P Reverse
M279 10.4.5-3 RV76A Butterfly q2v P Normal
10.4.5-3 Rv778 Butterfly q2v v Normal
10.4.5-3 RV126 Check 3/4"
20 M215 VBLIB Gate 2 T Normal
VB50 Check = Normal
35 | mM219 9.3.1-3 vsi28  Globe  2v T Norma |
20 | 9.3.1-3 Vvs13 Check 2" T Norma |
M378 6.6.2-1 vx34 Diaphragm v L<L; Normal
35 6.6.2-1 vyx33g Diaphragm v T Reverse
6.6.2-1 vx31A Diaphragm » T Reverse
20 1 M325 6.6.2-1 VX30  Check 1" Lt Norma !
35 | 6.6.2-1 vxko Diaphragm jn Reverse |
20 l M358 9.2.5-2 FW11 Diaphragm 4" L6 Normal ‘
§.2.5-2 FW13 Diaphragm &' A
35 | §.2.5-2 FW67 Check o 3/4" -- orea! |
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Table 6.2.4=2 Sheat 4 of &

Containment lsolation Valves Subject
to Type C Leakrate Tests

Pene~ FSAR Valve Valve Line Actuation Direction of Test Press.
tration Fig. No. Number Type Size Signal Relative to Cont. Press.

M377 9.2.5-1 Fwh Gate 6" L.L. Normal
9.2.5=1 FW5S Check 6" Normal

M221 11.2.2-6  WL321A Butterfly 6" B Normal
11.2,2-6 WL322B Butterfly 6" P Normal

11.2.2-6  WL385 Check Normal

M359 9.3.1-1 V1161 Check Ly Normal
9.3.1-1 V11608 Globe = T Normal

M386 9.3.1-1 V1149 Check o Norma |
9.3.1-1 V11488 Globe y T Normal

| M317 9.3.1-1 V1124 Check " Normal
| 9.3.1-1 V11508 Globe o - Normal
| M220 9.3.1-2 V11298 G lobe i T Norma
9.3.1-2 V114k0 Check ok T Normal

M3 6.2.3-1 VEIOA Diaphragm 4" Normal
VEN Check 4 Normal

M243 9.6.12-1 VQIA Diaphragm 6" T Normal
9.5.12-1 vQ28 Diaphragm 6" T Normal

M384 9.5.12-1 VAS6A Gate 6" T Normal
9.6.12-1 VQ58 Gate 6" T Nermal

M361 .- NC195 Globe Y T Normal
- NC196 Globe by ) Normal

NC259 Check 3/4" Normal

M353 9.5.1=-2 RF823 Check 4 Normal
9.5.1-2 RF821 Globe 6" LG Normal

M376 9,2.4-3 KC322 Check 3 Normal
9.2.4-3 KC320A Diaphragm 3" i 3 Normal

M355 9,2.4-3 KC333A Diaphragm 3" T Normal
9.2./-3  KC3328B Diaphragm 3" T Normal

9.2.4-3  KC280 Check L Normal

M327 9.2.%=3 KC338B Diaphragm 8" T Norma !
9.2.4-3 KC340 Check 8" Normal

M320 9.2.4=3  KC425A Diaphragm 8" T Normal
9.2.4=3  KCL24B Diaphragm 8" T Normal

9,2.4-3 KC279 Check Normal
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Table 6.2.4-3 Sheet 2 of 3

Containment ~enetrations Not Subject
Te Gype C Leakrate Tests

Penetrations FSAR Fig. No. Line Size Function
M340 9.3.2-3 3/4" Steam Generator Sample
M335 9.3.2-3 3/4" Steam Generator Sample
M341 9.3.2-3 3/k" Steam Generator Sample
M218 9.2.4-3 o Component Cooling
M217 9.2.4-3 L g Component Cooling
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Table 6.2.4-4

Bi-directional Leakage Test Results for Typical Diaphragm Value

TEST DESCRIPTION

A 2" diaphram valve was flanged on both sides. Test connections
were provided on both flanges. A leak was imposed by inserting
a 26 gauge wire under the valve seat.

Twelve (12) test runs with different leak magnitudes (by changing
the torque on the valve seat) were performed at 14.2 PSIG.

RUN LEFT m:ecnou RIGHT mgecnou RIGHT o?nccnou 2 LEA: RATE REPEAT:BILITY
LEAK RATE LEAK RATE LEAK RATE REFEATED B-A c-B
D= C x 100 E= C x 100
(sccm) (sccm) (sccm) (%) (%)
1 1h6 146 0.
2 160 160 0.
3 178 185 3.780
h 195 197 1.011
5 213 224 4.910
6 239 241 0.829
7 256 256 0.
8 283 278 281 1.766 1.060
9 307 300 303 2.280 0.990
10 332 324 326 2.409 0.613
I 357 345 350 2.521 0.571
12 382 n 375 2.880 1.066
Revision 35
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7.2 REACTOR PROTECTION SYSTEM

7.2.1 DESCRIPTION

y e P System Description

The Resctor Protection System automatically keeps the reactor operating within
a safe region by shutting down the reactor whenever the limits of the region
are approached. The safe operating region is defined by several considerations
such as mechanical/hydraulic limitations on equipment, and heat transfer
phenomena. Therefore, the Reactor Protection System keeps surveil 'ance on
process variables which are directly related to equipment mechanicel limitations,
such as pressure, pressurizer water level (to prevent water discharge through
safety valves, and uncovering heaters) and alsoc on variables which directly
affect the heat transfer capability of the reactor (e.c flow, reactor coolant
temperatures). Still other parameters utilized in the h.actor Protection
System are calculated from various process variables. In any event, when-

ever a direct process or calculated variable exceeds a setpoint the reactor

is shut down in order to protect against either gross damage to fuel cladding
or loss of system integrity which could lead to release of radioactive fission
products into the Containment.

The following subsystems make up the Reactor Protection System:
a. Process Instrumentation (Reference 1)

b. MNuclear Instrumentation System (Reference 2)

c. Solid State Logic Protection System (Reference 3)

d. Reactor Trip Switchgear (Reference 3)

e. Manual Actuation Circuit

The Reactor Protection System consists of sensors which, when connected with
analog circuitry consisting of two to four redundant channels, monitor various
unit parameters and digital circuitry, consisting of two redundant logic
trains which receive inputs from the analog protection channels to complete
the logic necessary to automatically open the reactor trip breakers.

Each of the two logic trains, A and B, is capable of opening a separate and
independent reactor trip breaker, RTA and RTB, respectively. The two trip
breakers in series connect t.ree phase ac power from the rod drive motor
generator sets to the rod drive power cabinets, as shown on Figure 7.2.1-1,
Sheet 2. During unit power operation, a dc under-voltage coil on each reactor
trip breaker holds a trip plunger out against its spring, allowing the power
to be available at the rod control power supply cabinets. For reactor trip,

a loss of dc voltage to the undervoltage coil releases the trip plunger and
trips open the breaker. When either of the trip breakers opens, power is
interrupted to the rod drive power supply, and the contro! rods fall, by
gravity, into the core. The rods cannot be withdrawn unt!] the trip breakers
are manually reset. The trip breakers cannot be reset until the abnormal
condition which initiated the trip is corrected. Bypass breakers BYA and BYB
are provided to permit testing of the trip breakers, as discussed in 7.2.2.2.3.

Revision 35
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the pressurizer pressure measurements (compensated for rate of change)
fall below preset limits. The trip logic is automatically enabled
above P-7. This signal is compensated to account for the fact that
the measurement is in the pressurizer rather than in the core

c-oper. This trip is blocked below P-7 because at low power levels
the trip is not required. The trip logic and interlocks are given in
Table 7.2.1~1.

The trip logic is shown on Figure 7.2.1-1, Sheet 6. 4 detailed func-
tional description of the process eguipment associate. with the
function is contained in Reference 1.

Pressurizer high pressure trip

The purpose of this trip is to protect the Reactor Coolant System
against system overpressure. .

The same sensors and t-ansmitters that are used for the pressurizer
low pressure trip are also used for the high pressure trip except
that separate bistables are used for high pressure trip. These
b'stables trip when uncompensated pressurizer pressure signals exceed
preset limits on coincidence as listed in Table 7.2.1-1. There

a-e no interlocks or permissives associated with this trip function.
Tris trip protects against overstressing the reactor coolant

pre:«ure boundary.

The logic for this trip is shown on Figure 7.2.1-1, Sheet 6. The
detailed functional description of the process equipment ascociated
with this trip is provided in Reference I.

Pressurizer high water ievel trip

The purpose of this trip is to prevent water relief through the
prassurizer safety valves and therefore provide for eguipment
protection. Tkis trip is automatically blocked below P-7 to

permit startup. The coincidence logic and interlocks of pressu-izer
high water level signals are given in Table 7.2.1-1.

The trip logic for this function is shown on Figure 7.2.1-1, Sheet
£. A detailed description of the process equipment associated with
this function is contained in Reference I.

Reactor Coolant System Low Flow Trips

These trips protect the core from DNB in the event of a loss of coolant
flow. The means of sensing the loss of coolant flow are as follows:

o

Low reactor coolant flow

The parameter sensed is reactor coolant flow. Four elbow taps in
each coolant loop are used as a flow sensing device that indicates
the status of reactor coclant flow. The basic function of this
device is to provide reduction in flow information. An output
signal from two out of the three bistables in a loop indicates a
low flow in that loop.

7.2-6



Above P=7 two=out=of=four loop low flow trips the reactor; above P=-8
low flow in any one loop causes a reactor trip.

The coincidence logic and interlocks are giver in Table 7.2.1=-1,

The detailed functional description of the process equipment associated
with the trip function is contained in Reference 1.

2. Reactor coolant pump bus undervoltage trip

This trip is required in order to protect against low flow which can
5 result from loss of voltage to the reactor coolant pumps (e.g., from
plant blackout).

There is one undervoltage sensing monitor connected to the motor side

of each reactor coolant pump breaker. (These reactor coolant pump

breakers are located in the Category 1 Auxiliary Building.) These

35 adjustable monitors provide an output signal when the voltage goes
below approximately 60-30 percent of normal operating voltage. Signals

from monitors connected to any two of the pumps (time delayed up to

approximately 0.20 seconds to preven: spurious trips cause by short

5 term voltage perturbations) trip the reactor if the power level is
above P-7. The coincidence logic and interiocks are given in Table
7.2.1=1.

3. Reactor coolant pump bus underfrequency trip

This trip is required for the protection of the reactor from low flow
resulting from bus underfrequency (e.g., major power grid frequency
disturbance). This trip trips the reactor for an underfrequency condition.
The setpoint of the underfreq ency monitors is adjustable between 5t and
59 Hz.

One underfrequency sensing monitor is connected to each reactor coolant
pump bus. (The reactor coolant pump bus is located in the Category 1
Auxiliary Building.) Signals from monitors connected to any two of.the
buses (time delayed up to spproximately 0.2 seconds to prevent spurious
trips caused by short term frequency perturbations) will cause a direct )
35 trip of the reactor if the power level is above P-7. An underfrequency
condition will trip the reactor coolant pump breakers at any power level.

——— ——————

— — ——

w E

Figure 7.2.1=1, Sheet 5, shows the logic for the Reactor Cooclant System
low flow trips.

e, Steam Generator Trip

The specific trip function generated is as follows:

35
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1. Low-low steam generator water level trip

This trip protects the reactor from loss of heat sink En Fhe event
35 of a sustained steam/feedwater flow mismatch. Thnf trip is
actuated on two-out-of-three low-low water level signals occurring

in any steam generator.

The logic is shown on Figure 7.2.1-1, Sheet 7. A detailed func-
tional description of the process eguipment associated with this
trip is provided in Reference 1.

f. Safety Injection Signal Actuation Trip

A reactor trip occurs when the Safety Injection System is actuated. The
means of actuating the Safety Injection System are described in Section
7.3. This trip protects the core against a loss of reactor coolant or
steam.

7.2-8 Revision 3§
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Figure 7.2.1-1, Sheet 8, shows the logic for this trip. A detailed
functional description of the process equipment associated with this
trip function is provided in Reference 1.

Manual Trip .

The manual trip consists of two switches with two outputs on each
switch. One output is used to actuate the train A trip breaker; the
other output actuates the train 3 trip breaker. Operating either
manual trip switch removes the voltage from the undervoltage trip
coil, energizes the shunt trip coil, and trips the reactor.

There are no interlocks which can block this trip. Figure 7.2.1-1,
Sheet 3, shows the manual trip logic.

1ula3 Reactor Protection System interlocks
Power Escalation Permissives

The overpower protection provided by the out-of-core nuclear instrumenta-
tion consists of three discrete, but overlapping, ranges. Continuation
of startup operation or power increase requires a permissive signal from
the higher range instrumentation channels before the lower range level
trips can be manually blocked by the operator.

A one-of-two intermediate-range permissive signal (P-6) is required
prior to source range level trip blocking. A source-range manual block
is provided for each logic train and the blocks must be in effect on
both traine in order to proceed in the intermediate range. Source
range level trips are automatically reactivated and high voltage
restored when both intermediate range channels are below the permissive
(P-6) level. There is a manual! reset switch for administratively
reactivating the source range level trip and detector high voltage

when between the permissive P=-6 and P-10 ievel, if required. Source
range level trip biock and high voltage cutoff are always maintained
when power is above the permissive P-10 level in order to prevent
detector acamage.

The intermediate-range level trip and power-range (low setpoint) trip
can only be blocked after satisfactory operation and permissive
information are obtained from two-of-four power-range channels.
Individual blocking switches are provided so that the low setpoint
power range trip and intermediate-range trip can be independently
blocked. These trips are automatically reactivated when any three of
the four power range channels are below the permissive (P-10) level,
thus ensuring automatic activation to more restrictive trip p/otectieon.

The development of permissives P-6 and P-10 is shown on Figure 7.2.1-1,
Sheet 4. A1l of the permissives are digital; they are derived from
analog signals in the nuclear power range and intermediate-range
channels.

See Table 7.2.1-2 for the list of protection system interlocks.
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b. Blocks of Rea. _ur Trips at Low Power

Interlock P-7 blocks @ reactor trip at low power (below approximately 10
percent ¢ 111 power) from low reactor coolant flow, reactor coolant pump
under voltage, reactor coolant pump underfrequency, pressurizer low pressure,
or, pressurizer high water level, See Figure 7.2.1-1,
Sheets 5, 6 and 16, for permissive applications. The low power signal is
derived from three-out-of-four power range neutron flux signals below the
setpoint in coincidence with two-out-of-two turbine impulse chamber

pressure signals below the setpoint (fow unit load).

The P-8 interlock blocks a low reactor coolant flow reactor trip when the
unit is below approximately 47 percent of full power. The block action
(absence of the P-8 interlock signal) occurs when three-nut-of=-four
neutron flux power range signals are below the setpoint. Thus, below

the P-8 setpoint, the reactor is allowed to operate with one inactive
loop and trip does not occur until two loops are indicating low flow.

See Figure 7.2.1-1, Sheet 4, for derivation of P-8, and Sheet 5 for
applicable logic. See Table 7.2.1-2 for the list of protection system
blocks.

7.2:1.%.5 Coolant Temperature Sensor Arrangement

The hot and cold leg resistance temperature detectors are inserted into
reactor coolant bvoass loops. A bypass loop from upstream of the steam
generator to downstream of the steam generator is used for the hot leg
resistance temperature detectors and a bypass loop from downstream of the
reactor coolant pump to upstream of the pump is used for the cold leg
resistance temperature detectors. The complete bypass loop is inside the
Containment. The resistance temperature detectors are located in manifolds
and are directly inserted into the reactor coolant bypass loop flow without
thermowells. Thermowells are not used in order to keep the detector thermal
lag small. The bypass arrangement permits replacement of defective tempera-
ture elements while the unit is at hot shutdown without draining or depres=
surizing the reactor coolant loops.

Three sampling probes are installed in a cross sectional plane of each hot

leg at approximately 120 degree intervals. Each of the sampling probes, which
extends several inches into the hot leg coolant stream, contains five inlet
orifices distributed along its length. |In this way a total of fifteen loca-
tions in the hot leg stream are sampled providing a representative coolant
temperature measurement. The two inch diameter pipe leading to the resistance
temperature manifold provides mixing of the samples toc provide average hot

leg temperature measurement.

Care is taken to distribute the flow evenly among the five orifices of each
probe by effectively restricting the flow through the orifices. This

is done by designing a smaller overall orifice flow area than that of the
common flow channel within the probe. This arrangement is also applied to
the flow transition from the three probe flow channels to the pipe leading
to the temperature element manifold. The total flow area of these channels
is, therefore, desianed to be less than that of the two inch pipe connecting
the probes to the manifold.
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The cold leg reactor coolant flow is well mixed by the reactor coolant pump
thereby eliminating any ccld leg temperature spatiai dependence. Therefore,
the cold leg sample is taken directly from a two inch pipe tap off the cold
leg downstream of the pump.

Zidale1.5 Analog System
The process analog system is described in Reference 1.
Fid-1ulsb Solid State Logic Prurection System

The solid state logic protection syst:m takes digita' !nputs (voltage/no
voltage) from the process and nuclear instrument charnels corresponding to
conditions (normal/abnormal) of unit parameters. The system combines these
signals in the required logic combination and generates a trip signal {no
voltage) to the undervoltage coils of the reactor trip circuit breakers when
the necessary combination of signals occur. The system also provides
annunciator, status light and computer input signals which indicate the
condition of bistable input signals, partial trip and full trip functions
and the status of the various hlocking, permissive and actuation functions.
In addition, the system inclu.es means for semi-automatic testing of the
logic circuits. A detailed description of this system is given in Reference
i R

T duile ¥ud Isclation Amplifiers

In certain applications, it is considered advantageous to smploy control
signals derived from individual protection channels through isclation
amplifiers contained in the protection channel, in accordance with |EEE-279.

In all of these cases, analog signals derived from protection channels for
nor-protective functions are obtained through isolation amplifiers located
in the analog protection racks. By definition, non-protective functions
include those signals used for controi, remote process indication, and
computer monitoring.

Isolation amplifier qualification type tests are described in References 4
and §.

7.2.1.1.8 Energy Supply ard Environmental Variations

The energy supply for the Peactor Protection System, including the voltage
and frequency variations, is described in Section 7.6 and Chapter 8. The
environmental variations, throughout which the system performs, is given in
Section 3.11 and Chapter 8.

2. 1.9 Setpoints

The setpoints that require trip action, when reached, are given in the
Technical Specifications.
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< & o B L Seismic Design ?

€
The seismic design considerations for the Reactor Protection System are given
in Section 3.10. This design meets the requirements of Criterion 2 of the
1§71 GDC.

ok bk Design Bases Information

The information given belcw presents the design bases information requested
by Section 3 of IEEE 279, 197) Reference 8. Functi*nal logic diagrams are
presented in Figure 7.2.1-1.

r o 7 O L8 Unit Conditions

The following are the generating station conditions requiring reactor trip.

a. DNBR approaching 1.30.

b. Power density (kilowatts per foot) approaching rated value for Condition
Il faults (See Chapter 4 for fuel design limits).

Reactor Coolant System overpressure crz2ating stresses approaching the
limits specified in Chapter 5.

]

e W W Unit Variables

The following are the variables required to be monitored in order to provide

reactor trips (See Table 7.2.1-1).

a. Neutron. flux

b. Reactor coolant temperature

¢. Reactor Coolant System pressure (pressurizer pressure)
d. Pressurizer water level

e. Reactor coolant flow

f. Reactor coolant pump operational status (bus voltage and frequency) |

q. Steam generator water ievel

1ol .2:3 Spatiaily Dependent Variables

The following variable is spatially dependent: Reactor coolant temperature -
see Section 7.3.1.2 for a discussion of this variable spatial dependence.
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y 9 L S O Limits, Margins and Levels

The parameter values that require reactor trip are given in Technical
Specifications, and in Chapter 15, Accident Analysis. The Accident
Analysis proves that the setpoints used in the Technical Specifications
are conservative.

The setpoints for the various functions in the Reactor Protection System
have been analytically determined such that the operational limits so
prescribed prevent fuel rod clad damage and loss of integrity of the
Reactor Coolant System as a result of any Condition |l incident (anti-
cipated malfunction). As such, the Reactor Protection System limits the
following parameters to:

a. Minimum DNBR = 1.3

b. Maximum System Pressure = 2750 psia

¢c. Fuel rod maximum linear power = 2].1 KW/ft.

The accident analyses described in Section 15.2 demonstrate that the func-
tional requirements as specified for the Reactor Protection System are
adecuate to meet the above considerations, even assuming, for conservatism,
adverse combinations of instrument errors. A discussion of the safety
limits associated with the reactor core and Reactor Coolant System, plus
the limiting safety system setpoints, are presented in the Technical
Specifications.

R S B 98 Abnormal Events

The malfunctions, accidents or other unusual events which could physically
damage Reactor Proiection System components or could cause environmental
changes are as follows:

a. Earthquakes (refer to Chapter 3 and Chapter 2).

b, Fire (refer to Section 9.5).

c. Explosion (Hydrogen Buildup inside Containment). (Refer to Section 6.2).
d. Missiles (refer to Section 3.5).

e. Flood (refer to Chapter 2 and 3).

f. Wind and Tornadoes (refer to Section 3.3).

T2 26 Minimum Performance Requirements

L]

The performance requirements are as follows:
a. System response times:
The time delays are defined as the time required for the reactor trip

(i.e., the time the rods are free and begin to fall) to be initiated

T:22%3
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following a step change in the variable being monitored from 5 percent
below to 5 percent above the trip setpoint. During preliminary startup
tests, it is demonstrated that actual time delays of installed equipment
are equal to or less than the values assumed in the accident analyses.

1. Typical maximum allowable time delays in generating the reacto: trip

signal:
Time (sec.

a) Power range nuclear power 0.5
(High and low setpoint)

b) Neutron flux rates (positive 0.5
and negative)

¢) Overtemperature AT (maximum) 6.0
(including transport time of
2 sec.)

d) Overpower AT (maximum) (including 6.0
transport time of 2 sec.)

e) Pressurizer pressure (low 1.0
and high)

f) Pressurizer high water level 2.0

g) Low reactor coolant flow 1.0

h) Reactor coolant pump bus 0.6
underfrequency

i) Reactor coolant pump bus 1.5
under voltage

j) Low-low steam generator water level 2.0

b. Reactor trip accuracies are given in Table 7.2.1-3.

v % 1Y P Final System Drawings

Functional block diagrams, electrical elementaries and other drawings required
to assure electrical separation and pertorm a safety review are provided
in the McGuire Electrical Schematics.
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7:2.2 ANALYSES

v il P Failure Mode and Effects Analyses

A failure mode and effects analyses of the Reactor Protection System has been
performed. Results of this study and a fault tree analysis are presented in
Reference 6.

y % P Evaluation of Desian Limits

While most setpoints used in the Reactor Protection System are fixed, there
are variable setpoints, most notably the overtemperature 4T and overpower AT
setpoints. All setpoints in the Reactor Protection System have been selected
on the basis of engineering design and safety studies. The capability of the
Reactor Protection System to prevent loss of integrity of the fuel cladding
and/or Reactor Coolant System pressure boundary during Condition Il and 1|
transients is demonstrated in the Accident Analysis, Chapter 15. These
safety analyses are carried out using those setpoints determined from results
of the engineering design studies. Setpcint limits are presented in the
Technical Specifications. A discussion of the intent for each of the various
reactor trips and the accident analysis (where appropriate) which utilizes
this trip is presented below. It should be noted that the selected trip
setpoints all provide for margin before protective action is actually
required to allow for uncertainties and instrument errors. The design

meets the requiremernts of Criteria 10 and 20 of the 1971 GDC.

oy o S Trip Setpoint Discussion

It has been pointed out previously that below a DONB ratio of 1.3 there may be
a potential for local fuel cladding failure. The DNB ratio existing at any
point in the core for the core design has been determined as a function of
the core inlet temperature, power output, operating pressure and flow. Con-
sequentiy, core safety limits in terms of a DNBR equal to 1.30 for the hot
channel have been developed as a function of core AT, Tgyq and pressure for
a specified flow as illustrated by the solid lines in Figure 7.2.1-3.

Also shown as solid lines in Figure 7.2.1-3 are the loci of conditions
equivalent to 118 percent reactor power as a function of AT and Ty,
representing the overpower (KW/ft) limit on the fuel. The dashed lines
indicate the maximum permissible set point (AT) as a function of Tayq

and pressure for the overtemperature and overpower reactor trip. Actual
setpoint constants in the equation representing the dashed lines are as
given in the Technical Specification. These values are conservative to
allow for instrument errors. The design meets the requirements of Criteria
10, 15, 20 and .9 of the 1971 GDC.

DNBR is not a directly measurable quantity; however, the process variables
that determine DNBR are sensed and evaluated. Small isolated changes in
various process variables may not individually result in violation of a
core safety limit. The design concept of the Reactor Protection System
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The Reactor Protection System design was evaluated in detail with respect
to common mode failure and is presented in Reference 6 and 7. The design
meets the requirements of Criterion 21 of the 1971 GDC.

Preoperational testing is performed on Reactor Protectior System com=
ponents and systems to determine equipment readiness for startup. This
testing serves as a further evaluation of the system design.

Analyses of the results of Condition I, 11, 111 and IV events, including
considerations of instrumentation installed to mitigate their consequences
are presented in Chapter 15. The instrumentation installed to mitigate
the consequences of load rejection and turbine trip is given in Section

y e 5

b e S By B Reactor Coolant Flow Measurement

The elbow taps used on each loop in the primary coolant system are instru=
ment devices that indicate the status of the reactor coolant flow. The
basic function of this device is to provide information as to whether or
not a reduction in flow has occurred. The correlation between flow

and elbow tap signal is given by the following equation:

AP w . 2
3= &)
‘JPO Wo

where AP, is the pressure differential at the referance flow wp, and AP
is the pressure differential at the corresponding flow, w. The full flow
reference point is established by extrapolating along the correlation
curve. The expected absolute accuracy of the channel is within = 10
percent of full flow and field results have shown the repeatability of
the trip point to be within + 1 percent.

fp P O3 S Evaluation of Compliance to Applicable Codes and
Standards

The Reactor Protection System meets the criteria of the AEC General Design
Criteria as indicated. The Reactor Protection System meets the criteria of
|EEE-Standard 279, Reference 8, as indicated below.

a. Single Failure Criterion

The protection system is designed to provide two, three, or four
instrumentation channels for each protective function and two logic



train circuits., These redundant channels and trains are electrically
isolated and physically separated. Thus, any single failure within a
channel or train does not prevent protective action at the system level
when required. Loss of input power to a channel or logic train results
in @ signal calling for a trip. This design meets the requirements of
Criterion 23 of the 1971 GDC.

To prevent the occurrence of common mode failures, such additional
measures as functional diversity, physical separation, and testing as
well as administrative control during design, production, installation
and operation are employed, as discussed in Reference 6. The design
meets the requirements of Criteria 21 and 22 of the 1971 GDC.

Quality of Components and Modules

For a discussion of the quality of the components and modules used in
the Reactor Protection System, refer to Chapter 17. The quality
assurance applied conforms to Criterion | of the 1971 GDC.

Equipment Qualification

For a discussion of the type tests made to verify the performance require-
ments, refer to Section 3.11. The test results demonstrate that the
design meets the requirements of Criterion & of the 1971 GDC.

Independence

Channel independence is maintained throughout the system, extending from
the sensor through to the devices actuating the protective function.
Physical separation is used to achieve separation of redundant trans-
mitters. Separation of wiring is achieved by using separate wireways,
cable trays, conduit runs and Containment penetrations for each redundant
channel. Redundant analog equipment is separated by locating modules in
separate protection cabinets. Each redundant channel is energized from

a separate ac power feed. This design meets the requirements of
Criterion 21 of the 1971 GDC.

Independence of the logic trains is discussed irn Reference 3. Two reactor
trip breakers, actuated by separate logic matrices, interrupt power to the
control rod drive mechanisms. The breaker main contaccs are connected in
series with the power supply so that opening either breaker interrupts
power to all full length control rod drive mechanisms, permitting the rods
to free fall into the core. See Figure 7.2.1-4,
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The design philosopny is to make maximum use of a wide variety of measure-
rents. The protection system continudusly monitors numerous diverse sys-
tem variables. The extent of this diversity has been evaluated for a

wide variety of postulated accidents and is discussed in Reference 7.
Generally, two or more diverse protection functions would terminate an
accident before intolerable consequences could occur. The design meets
the requirements of Criterion 22 of the 1371 GOC.

Control and Protection System Interaction

The protection system is designed to be independent of the control system.
In certain applications the control signals and other non-protective
functions are derived from individual protective channels through isola~
tion amplifiers. The isolation amplifiers are classified as part of the
protection system and are located in the anaiog protective racks Non~=
protective functions include those signals used for control, remote pro-
cess indication, and computer monitoring. The isolation amplifiers are
designed such that a short circuit, open circuit, or the application of
118VAC or 140VDC on the isolated portion of the circuit (i.e., the non-
protective side of the circuit) will not effect the input (protective)
side of the circuit. The signals obrained through the isolation ampli-
fiers are never returned to the protective racks. This design meets the
requirements of Criterion 24 of the GDC and Section 4.7 of IEEE 279, 1971,
Reference 8.

A detailed discussion of the design and testing of the isolation amplifiers
is given in Reference 4 and 5. These reports include the results of ap-
plying various malfunction conditions on the output portion of the isola-
tion amplifiers. The results show that no significant disturbance to the
isolation amplifier input signal occurred.

The redundant, isolated control signal cables leaving the protection racks
come into close proximity at locations such as the control board. It could
be postulated that electrical faults, or interference, at these locations
might be propagated into all redundant racks and degrade protection circuits
because of the close proximity of protection and control wiring within each
rack.

Westinghouse test programs have demonstrated that Class 1E protection
systems Nuclear Instrumentation System (N!S), Solid State Protection
System (SSPS) and 7300 Process Control System (7300 PCS) are not degraded
by non-Class 1E circuits, sharing the same enclosure, which could be
postulated to carry electrical faults or interference into the enclosures.

Tests conducted on the as-built designs of the NIS and 35PS were repoited
and accepted by the NRC in support of the Diablo Canyon application

(Docket No's 50-275 and 50-323). Westinghouse considers these programs

as applicable to all plants, including McGuire. Westinghouse tests on

the 7300 PCS were covered in a report entitied ''7300 Series Process Control
System Noise Tests'' subsequently reissued as WCAP-3832 (Reference 10). in
a letter dated April 20, 1977, R. Tedesco to C. Eicheldinger, the NRC
accepted the report in which the applicability of the McGuire plant is
established.

Capability for Testing
The Reactor Protection System is capable of being tested during power
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operation. Where only parts of the system are tested at any one time, the
testing sequence provides the necessary overlap between the parts to as-
sure complete system operation. The testing capabilities are in confor-
mance with Regulatory Guide 1.22 as discussed in Subdivision 7.1.2.1.

The protection system is designed to permit periodic testing of the ana-
log channel portion of the Reactor Protection System during reactor

power operation without initiating a protective é=tion unless a trip con-
dition actually exists. This is because of the cuincidence logic required
for reactor trip. Note, however, that the source and intermediate range
high neutron flux trips must be bypassed during testing.

The following types of sensors provide input to the protection sets of
Process Control System and Solid State Protection System for Engineered
Safety Features Actuation and Reactor Protection System:

1) Differential Pressure Transmitters (Level)

2) Differential Pressure Transmitters (Flow)

3) Pressure Transmitters

L) Frequency Transmitters

5) Voltage Transmitters

€) Circuit Breaker Auxiliary Contacts

7) Pressure Switches

8) Vvalve Limit Switches

9) Resistance Temperature Detectors

The response time of differential pressure transmitters (level), differen~
tial pressure transmitters (flow), pressure transmitters, frequency trans-
mitters, and voltage transmitters are tested by one of the following methods:
1) Test sensor in place by perturbing the process being monitored
using existing equipment used for normal plant operation

2) Test sensor in place by perturting the process input using
additional equipment provided for response time testing.

3) Remove the sensor from service and bench test the device.

Circuit breaker auxiliary contacts, pressure switches, and valve limit
switches are tested for operation only. Since these are bistable
devices, no significant change in response time is anticipated when com-
pared to the overall response time of the system.

No significant deterioration in response time of resistance temperature de-
tector elements is anticipated. For this reason, the response time of RTD
elements are not tested. Duke Power is following the EPRI study concern-
ing sensor response time testing and will consider implementation of any re-
commendations resulting from the study.

The operability of the process sensors is ascertained by comparison with re-
dundant channels monitoring the same process variables or those with a fixed
known relationship to the parameter being checked. The incontainment process
sensors can be calibrated during unit shutdown if required.

Analog channel testing is performed at the analog instrumentation rack set
by individually introducing dummy input signals into the instrumentation.
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channels and observing the tripping of the appropriate output bistables.
Process analog output to the logic circuitry is interrupted during
individual channel test by a test switch which, when thrown, de-energizes
the associated logic input and inserts a proving lamp in the bistable
output. Interruption of the bistable output to the logic circuitry for
any cause (test, maintenance purposes, or removed from service) causes
that portion of the logic to be actuated (partial trip) accompanied by a
partial trip alarm and channel status light actuation in the Control Room.
Each channel contains those switches, test points, etc. necessary to test
the channel. See Reference | for additional information.

The power range channels of the Nuclear Instrumentation System are tested
by superimposing a test signal on the actua! detector signal being re-
ceived by the channel at the time of testing. The positive and negative
flux rate trips are tested by applying an appropriate step change to the
input of each power range channel. This is accomplished in the test mode
by alternating hetween 2 test signals where one test signal is adjusted to
be the required percent of full power above the second test signal.
Turning the Test Signal Selector from the higher valve signal to the lower
valve signal introduces the negative step change. Turning the selector
back to the higher valve introduces the positive step change. Bistable
action is verified by control board annunciator and trip status lights.
The test signals are introduced at a point equivalent to the detector
signal inputs on each power range drawer assembly.

Fiqure 7.2.1=1 (Sheet 3) of the FSAR shows the output of the ''rate trip."
The power range channel showing test injection points is shown in Figure
2-3 of WCAP-8255, Reference 2. A description of the test circuit operation
for each channel is also included on Page 3-13 in Section 3.6 of WCAP-8255,

Reference 2. The output of the bistable is not placed in a tripped condition

prior to testing. Also, since the power range channel logic is two-out-of-
four, bypass of this reactor trip function is not required.

To test a power range channel, a TEST OPERATE switch is provided to require
deliberate operator action. The operation of the test switch initiates

the CHANNEL TEST annunciator in the Control Room. Bistable operation is
tested by increas’'ng the test signal level to bistable trip setpoint and
verifying bistable relay operation by control board annunciator and trip
status lights.

It should be noted that a valid trip signal causes the channel under test
to trip at a lower actual reactor power level, A reactor trip occurs
when a second bistable trips. No provision is made in the channel test
circuit for reducing the channel signal level below that signal being
received from the Nuclear Instrumentation System detector.

A Nuclear Instrumentation System channel which can cause a reactor trip
through one of two protection logic (source or intermediate range) is
provided with a bypass function which prevents the initiation of a reactor
trip from that particular channel during the short period that it is
undergoing test. These bypasses are annunciated in the Control Room.

For a detailed description of the Nuclear Instrumentation System see
Reference 2.
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The design of the Reactor Coolant Pump Monitor Panel provides a high degree
of flexibility for testing of the trip logic circuits, Each of the under-
/mltage and underfrequency trip signals is generated by an individual two-
out-of=-four logic system., Use of the two-out=of=-four SSPS logic permits
calibration and/or tasting of one channel! at a time during reactor operation
without jeopardizing overall system performance. Key lock test switches are
provided to break the potential inputs to the volitage sensing circuits to
functionally test each channel, The underfrequency channels can be tested
in the same manner, The ACP undervoltage and underfrequency monitors comply
with the requirements of (EEE 279-1971,

The reactor logic trains of the Reactor Protection System are designed to be
capable of complete testing at power. Annunciation is provided in the Control
Room to indicate when a train is in test (train output bypassed) and when a
reactor trip breaker is bypassed. Details of the logic system testing are
jiven in Reference 3.

The reactor coolant pump breakers cannot be tripped at full power without
causing a unit upset by loss of power to a coolant pump.

Manual trip cannot be tested at power without causing a reactor trip since
operation of either manual trip switch actuates both trains. Note, |
however, that manual trip could also be initiated from outside the Control

Room by manually tripping one of the reactor trip breakers,

The reactor trip function that is derived from the automatic safety injection
signal is tested at power as follows:

a. The analog signals, from which the automatic safety injection signal is
derived, are tested at power in the same manner as the other analog
signals and as described in Subdivision 7.2.2,2.3. The processing of
these signals in the Solid State Protection System (SSPS) wherein their
channe! orientation converts to a logic train orientation is tested at Q223.27
power by the built=-in semi-automatic test provisions of the SSPS as
described in Reference 3, The reactor trip breakers are tested at power
as discussed in Subdivision 7.2,2.2.3. The testing of reactor trinp from
safety injection during refuelin; refers only to the manual safety \
injection actuation function, ~
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not leg and cold leg bypass loop resistance temperature detector: as a function
of unit power is also checked during unit startup tests. The absolute value of
~ T versus unit power is not important, per se, as far as reactor protection is
concerned. Reactor Protection System setpoints are based upon percentages of
the ‘ndicated T at nominal full power rather than on absolute values of . T.
This is done to account for loop differences which are inberent. Therefore, the
percent ‘T scheme is relative, not absolute, and provides better pro-

tective action. For this reason, the linearity of the .T signals as a function
of power is of importance rather than the absolute values of the .T. As part
of the unit startup tests, the bypass loop resistance temperature detector
signals are compared with the core exit thermoccuple signals.

Reactor control is based upon signals derived from protection system channels
after iscolation by isolatior amplifiers such that no feedback effect can per-
turb the protection channels.

Since control is based on the temperature of the loop with the highest average
temperature, control rod movement is based upon the most conservative temperature
measurement with respect to DNB margin. A spurious low average temperature
measurement from any loop temperature control channel does not effect control
action. A spurious high average temperature measurement causes rod insertion
(safe direction).

Individual low flow alarms with individual status lights for each reactor
coolant loop bypass flow are provided on the main control board. The alarm
and status lights provide the operator with immediate indication of & low flow
condition in the bypass loops associated with any reactor coolant loop.

Local indicators are provided to monitor total flow through the resistance
temperature detector bypass manifolds for each loop. The indicators are located
inside Containment but are accessible during power operations.

Flow is locally monitored:

a. Prior to restoring temperature channels to normal service following re-
openinag of bypass loop stop valves whenever a bypass loop has been out
of service.

b. Following anv bypass loop low flow alarm (see above).

In addition, channel deviation signals in the control system give an alarm if
any temperature channel deviates significantly from the auctioneered (highest)
value. Automatic rod withdrawal blocks and turbine runback (power demand re-
duction) also occur if any two of the four overtemperature or overoower T
channels indicate an adverse condition.

Fidas 33 Pressurizer Pressure

The pressurizer pressure protection channel signals are used for high and low
pressure protection and as inputs to the overtemperature ‘T trip protection
function. Isolated output signals from these channels are used for pressure
control. These are used to control pressurizer spray and heaters and power
operated relief valves. Pressurizer pressure is sensed by fast response
pressure transmitters.
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A spurious high pressure signal from one channe! causes decreasing pressure by
actuation of either spray or relief valves, Additional redundancy is provided
in the low pressurizer pressure reactor trip logic and in the logic for safety
injection to ensure low pressure protection,

In the uniikely event that the Contrcl Room must be evacuated, the Reactor
Ccolant System pressure can be maintained by use of the auxiliary spray supply
valves and the pressurizer heaters. Controls for these valves and heaters
are located on the auxiliary shutdown panel,

The pressurizer heaters are incapable of overpressurizing the Reactor Coolant
System, Overpressure protection is based upon the maximum positive surge of
the reactor coolant produced as a resuit of turbine trip under full load,
assuming tne core continues to produce full power with normal feed flow
maintained, The self-actuated safety valves are sized on the basis of steam
flow from the pressurizer to accommodate this surge at a setpoint of 2500
psia and an accumulation of 3 percent. Note that no credit is taken for the
relief capability provided by the power operated relief valves, or the steam
dump system.

in addition, operation of any one of the power operated relief valves maintains
cressure below the high pressure trippoint for most transients. The rate of
pressure rise achievable with heaters is slow, and ample time and pressure
alarms are available to alert the operator of the need for appropriate action.

Redundancy is not compromised by having a shared tap since the logic for this
trip is two out of four, |f the shared tap is plugged, the affected channels
remain static, |f the impulise line bursts, the indicated pressure drops to
zern, In either case the fault is easily detectable, and the protective
function remains operable.

1:2.2:3.% Pressurizer Water Level

Three pressurizer water level channels are used for high pressurizer water
leve! roactor trip, Isolated signals from these channels are used for
pressurizer water level control, A failure in the level control system could
fill or empty the pressurizer at a slow rate (on the order of half an hour or
more), which allows ample time for corrective action by the operator.

The high water level trip setpoint provides sufficient margin such that the
undesirable condition of discharging liquid coolant through the safety valves
is avoided. Even at full power conditions, which produces the worst thermal
expansion rates, a failure of the water leve! control does not lead to any
liauid pressurizer pressure reactor trip actuating at a pressure sufficiently
helow the safety valve setpoint, or to the high pressurizer water level
reactor trip.

For control failures which tend to empty the pressurizer, two out of four
logic for safety injection action on low pressure ensures that the protection
system can withstand an independent failure in another channel. In addition,
ample time and alarms exist to alert the operator of the need for appropriate
action.

7.2.2.3:5 Steam Generator Water Level

The basic function of the reactor protection circuits associated with low-low
steam generator water level is to preserve the steam generator heat sink for
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removal of long-term residual heat. Shouid a complete loss of feedwater occur,
the reactor would be tripped on low-low steam generator water level. In addi-
tion, redundant auxiliary feedwater pumps are provided to supply feedwater in
order to maintain residual heat removal after trip. This reactor trip acts be-
fore the steam generators are dry. This reduces the required capacity, increases
the time interval before auxiliary feedwater pumps are required, and minimized

the thermal transient on the Reactor Coolant System and steam generators. There-
fore, a low-low steam generator water level reactor trip circuit is provided for
each steam generator to ensure that sufficient initial thermal capacity is avail-
able in the steam generator at the start of the transient. Two-out-of=-four low-low
steam generator water level trip logic ensures a reactor trip if needed even with
an independent failure in another channel used for control and when degraded by an
additional second postulated random failure.

A spurious 'ow -ignal from the feedwater flow channel being used for control would
cause an increase in feedwater flow. The mismatch between steam flow and feed-

water flow produced by the spurious signal would actuate alarms to alert the operator
of the situation in time for manual correction. |f the condition continues, a two-
out-of-three high-high steam generator water level signal in any loop, independent

of the indicated feedwater flow, will cause feedwater isolation and trip the

turbine. The high-high steam generator water level trip is an equipment protec-

tive trip preventing excessive moisture carryover which could damage the turbine
blading.

In addition, the three eiement feedwater controller incorporates reset action on

the level error signal, such that with expected controller settings a rapid
increase or decrease in the flow signal would cause only a smail change in level

before the controller would compensate for the level error. A slow change in the

feedwater signal would have no effect at all. A spurious low or high steam flow
ignal would have the same effect as high or low feedwater signal!, discussed
oove.

A spurious high steam generator water level signal from the protection channel
used for control will tend to close the feedwater valve. A spurious low steam
generator water level signal will tend to open the feedwater valve. Before a
reactor trip would occur, two -out-of-four channels in a .00p would have to
indicate a low-low water level. Any silow drift in the water level signal will
permi: the operator to respond to the level alarms and take corrective action.

Automatic protection is provided in case the spurious high level reduces feed-
water flow sufficiently to cause low-low level in the steam generator. Automatic
protection is also provided in case the spurious low level signal increases feed-
water flow sufficiently to cause high level in the steam jenerator. A turbine
trip and feedwater isolation would occur on two-out-of-three high-high steam
generator water level in any loop.
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T's2 2l Additional Postulated Accidents

Loss of station instrument air or loss of component cooling water is discussed
in Section 7.3.2. Load rejection and turbine trip are discussed in further
detail in Section 7.7.

The control interlocks, called rod stops, that are provided to prevent abnormal
power conditions which could result from excessive control rod withdrawal are
discussed in Subdivision 7.7.1.4.1 and listed on Table 7.7.1-1. Excessively

high power operation (which is prevented by blocking of automatic rod withdrawal),
if allowed to continue, might lead to a safety limit (as given in Technical
Specific~.ions) being reached. Before such a limit is reached, protection is
availab) - from the Reactor Protection System. At the power levels of the rod
block sccpoints, safety limits have not been reached, and therefore these rod
withdrawal stops do not come under the scope of safety related systems, and

are considered as control systems.

7+.2.3 TESTS AND INSPECTIONS

The Reactor Protection System meets the testing requirements of IEEE 338, 1971,
Reference 9, as discussed in Subdivision 7.1.2.1. The testability of the system
is discussed in Subdivision 7.2.2.2.3. The initial test intervals are specified
in Chapter 16, Written test procedures and documentation, conforming to the
requirements of Reference 9, will be available for audit by responsible
personnel. Periodic testing complies with Regulatory Guide 1.22 as discussed

in 7.1.2.Y and 7.2.2.2.3.

Z:2+3:) In=-Service Tests and Inspections

Periodic surveillance of the Reactor Protection System is performad to ensure
proper protective action. This surveillance consists of checks, calibrations,
and channel functional testing which are summarized as follows:

a. Checks

A check consists of a qualitative determination of acceptability by ob=-
servation of channel behavior during operation. |t includes comparison

of the channel with other independent channels measuring the same variable.
Failures such as blown instrument fuses, dcfective indicators, or faulted
amplifiers which result in ''upscale'’ or ''downscale'' indication can be
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easily recognized by simple observation of the functioning of the instru-
ment or system. Furthermore, in many cases such failures are revealed by
alarm or annunciator action, and a check supplements this type of sur-
veillance.

Calibration

A channel calibration consists of adjustment of channel output such that
it responds, within acceptable range and accuracy, to known values of the
parameter which the channel measures. Calibration encompasses the entire
channel including alarm and/or trip, and includes the channel functional
test discussed beiow. Thus, the calibration ensures the acquisition and
presentation of accurate informaticn.

Channel functional test

A channel functional test consists of injecting a simulated signal into
the signal conditioning portion of the channel to verify its operability,
including alarm ard/or trip initiating action.

The minimum frequency for checks, calibration and testing are defined in
Technical Specifications. Based on experience with both conventional and
nuclear systems, when the unit is in operation the minimum checking fre-
quencies set forth therein are considered adequate.

3.2 Periodic Testing of the Nuclear Instrumentation System

following periodic tests of the Nuclear Instrumentation System are performed:
Testing at unit shutdown

1. Source range testing

2. Intermediate range testing

3. Power rangc testing

Testing between P-6 and P-10 permissive power levels
1. Source range testing

2. Intermediate range testing

3. Power range testing

Testing above P-10 permissive power level

1. Source range testing

2. intermediate range testing

3. Power range testing
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Any deviations noted during the performance of these tests are investigated
and corrected in accordance with the established calibration and trouble
shooting procedures provided in the technical manual for the Nuclear
Instrumentation System. Control and protection trip settings are indicated
in the technical manual under Precautions, Limitations and Setpoints.

T ol el Periodic Testing of the Process Analog Channels of the
Protection Circuits

The following periodic tests of the analog channels of the protection
circuits are performed:

a. Tavq ana AT protection channels

b. Pressurizer pressure protection channeis

c. Pressurizer water level protection channels

d. Steam flow protection channels

e. Steam generator water level protection channels

f. Reactor coolant low flow protection channels

g. I!mpulse chamber pressure channels

h. Containment pressure

i. Steam pressure protection channels

The following conditions are required for these tests:

a. These tests may be performed at any unit power from cold shutdown to
full power.

b. Before starting any of these tests with the unit at power, all redundant
reactor trip channels associated with the function to be tested must be
in the normal (untripped) mode in order to avoid spurious trips.

¢. Setpoints are referenced in Precautions, Limitations and Setpoints
portion of the manual.

4. Reference is made to Supplier(s) Systems Manual for systems description,
static and dynamic testir,. (To be supplied with the equipment).

e. Reference is made to ‘Jestinghouse's or Supplier's Block Diagrams which
identify the furctions provided in the instrument channels.
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. ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

In aadition to the requirements for a reactur trip for anticipated abrornal
transients, the facility is provided with adequate instrumentation and controls
to sense accident situations and initiate the operation of necessary Engineered
Safety Features. The occurrence of a limiting fault, such as a loss of coolant
accident or a steam break, requires a reactor trip plus actuation of one or more
of the Engineered Safety Features in order to prevent or mitigate damage to the
core and Reactor Coolant System components, and insure Containment integrity.

In order to accomplish these design objectives the Engineered Safety Features
system has proper and timely initiating signals which are supplied by the
sensors, transmitters and logic components making up the various instrumentation
channels of the Engineered Safety Features Actuation System.

3.1 DESCRIPTION

The Engineered Safety Features Actuation System senses seiected unit parameters,
determines whether or not predetermined safety limits are being exceeded and,

if they are, combines the signals into logic matrices sensitive to combinations
indicative of primary or secondary system boundary ruptures (Class 11l or IV
faults). Once the required logic combination is completed, the system sends
actuation signals to those engineered safety features components whose aggregate
function best serves the requirements of the accident. The Engineered Safety
Features Actuation System meets the requirements of Criteria 13 and 20 of the
1971 GDC.

g System Description

The Engineered Safety Features Actuation System is a functionally defined
system described in this section. The equipment which provides the actuation
functions identified in Subdivision 7.3.1.1.1 is listed below and discussed
in this section and the referenced WCAPs.

1. Process Instrumentation
(Reference 1)

2. Solid State Logic Protection System
(Reference 3)

3. Engineered Safety Features Test Cabinet
(Reference 4)

4, Manual Actuation Circuits

The Engineered Safety Features Actuation System consists of two discrete portions
of circuitry: 1) An analog portion consisting of three to four redundant
channels per parameter or variable to monitor various unit parameters such as

the Reactor Coolant System and steam system pressures, temperatures and flows

and Containment pressures; and 2) a digital portion consisting of two redundant
logic trains which receive inputs from the analog protection channels and

perform the needed logic to actuate the engineered safety features. Each

digital train is capable of actuating the engineered safety features equipment
required. The intent is that any single failure within the Engineered Safety
Features Actuation System does not prevent system action when required.
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tolerate a single failure without the loss of its core protective functions,
This failure is limited to an active failure during the short term (injection)
phase foliowing @ LOCA, or to an active or passive failure during the long=-
term (recirculation) phase, An active failure being defined as the failure
of & powered component to act to accomplish its design functions. A passive
failure is a structural failure,

The Safety Injection System is automatically actuated by a Safety Injection
Siagnal as a consequence of one of the following events:

A, Low steam line pressure.
B. Low pressurizer pressure.
C. High Containment pressure.

D. Manual Actuation.

The 515 is electricaliy interlocked to start the injection mode on a Safety
Injection Signal as folliows:

A. The centrifugal charging pumps start., Simultaneously, pump suction
valves from the RWST (INV22IA and INV222B), BIT suction and discharge
valves (INI&A, INISB, INISA, INI10B) open to provide a clear flow path
from RWST to RCS, Simultaneously, normal charging path valves INVILIA,
INVIL2B, and INVZLLA, INV24LS5B close as do the valves on the mini=flow
line INVISOB, INVISIA, Valves INI4IA and INI23A and INI24b are closed
to isolate the boron injection recirculation loop.

B. The SiP's and RHRP's start.

C. The normally open accumulator isolation valves (INISLA, INILSB, INI76A,
and IN188B) open if any have been closed.

The injection mode continues until the low level is reached in the refueling
water storage tank (RWST), The water level in the RWST is measured by three
separate channels of instrumentation each with read=-outs ... the main control
board, Two-out-of=-three logic from all three channels provides an alarm when
the low level is reached in the RWST, At this point it is necessary to switch
from the injection phase to the cold leg recirculation phase of operation.
Additional two-out<of=three logic provides an alarm when the low-low level is

reached in the RWST indicating that only 10,000 gallons cf water is available for

removal from the tank, Switchover from the injection to the recirculation
mode is accomplished manually by the operator. The switchover sequence
(outlined in Tacle 6.3.2-3) is followed regardless of which power supply is
available (offsite or emergency onsite). Controls for the Safety Injection
System are grouped together on the main contro! board. Component position
indication lights are also provided to verify that the function of a given
switch has been completed,
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in addition to the manual switchover, an automatic switchover is provided to
backup the operator. When the automatic switchover leve! is reached in the
RWST, two-out-of-three logic from all three chanrels automatically opens the
Containment sump valves (INI184B and INIIB5A), The Containment sump valves
are interlocked with the RWST isolation valves to the RHR pumps (INDLB and
INDIGA) such that these isolation valves will close when the Containment sump
valves leave their seats, This automatic switchover provides an uninterrupted
flow of water to the RHR pumps.

There are four accumulator tanks in SiS, Each tank contains dilute boric

acid with a pressurized non-reactive cover gas (nitrogen) over it., Contents

of the tanks are used to flood the core following Reactor Coolant System
depressurization as a result of a LOCA, Water from only three tanks need to

be injected in order to partially cover the core, 0Ouring normal plant operation
each accumulator tank is isolated from the Reactor Coolant System by two check
valves in series. There is one motor operated valve in each accumulator tank
discharge line which may be used to isolate the accumulator from the rest of |
the system, Each of these valves is interlocked to open completely within ten
seconds after either (a) the primary coolant system pressure exceeds a pre=
selected value (refer to the Technical Specifications) or (b) a safety
injection signal has been initiated. Both signals are provided to the valves,
Diverse position indication is provided in the Contro! Room by means of two
diverse sensors mounted on each valve. An audible alarm is actuated by a
sensor on the valve when the valve is not in the fully open position. The
position and audible alarm are independent of the motor control center power.
Due to this diverse interlock and indication scheme, no local controls have
been provided in the control scheme to close these isolation valves from
outside the Contro! Room. However, means are available at the motor control
center to close these valves under extremely critical circumstances,

7.4.1.6,1,2 Analysis

|EEE 279-1971 ""Criteria for Protection Systems for Nuclear Power Generating
Stations'', establishes minimum requirements for the reactor protective and
engineered safety features instrumentation and control systems. Conformance
with (i« applicable portions of |EEE 279, Section 4 is discussed in the
following sections,

7.4.1,6,1.2.1 General Functicnal Requirements

The instrumentution and controls provided for the Safety Injection System
enable the operator to evaluate the system performance and detect malfunctions.
The Safety Injection System instrumentation essential to the system safety
function is designed for operation under the environmental conditions

specified in Section 3.11,

p i P e Single Failure Criterion

The instrumentation and controls required for Safety injection System are
designed such that no single failure can prevent proper action at the system
level, Single failures considered include electrical faults (e.g., open,
shorted or grounded circuits) and physical events (e.g., fires, missiles)
resulting in mechanical damage. Compliance with single failure criterion is
accomplished by providing separation of the redundant elements electrically

and phyvsically to achieve the required independence. Electrica! separation is
assured through the provision of independent power supplies and the elimination
of electrical interconnection between redundant elements, A failure analysis

for this system is present in Table 6.3.2-7.
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7.4.2 ANALYS!S

Hot shutdown is a stable unit condition, automatically reached following a

unit shutdown. The hot shutdown condition can be maintained safely for an

extended period of time. |In the unlikely event that access to the Control

Room is restricted, the unit can be safely kept at a hot shutdown until the
Control Room can be re-entered.

The safety evaluation of the maintenance of a shutdown with these systems
and associated instrumentation and controls has included consideration of
the accident consequences that might jeopardize safe shutdown conditions.
The accident consequences that are germane are those that would tend to
degrade the capabilities for boration, adequate supply for auxiliary
feedwater, and residual heat removal.

The results of the accident analyses are presented ir Chapter 15. Of these
the following produce the most severe consequences that are pertinent:

a. Uncontrolled Boron Dilution

b, Loss of Normal Feedwater

c. Loss of External Electrical Load and/or Turbine Trip

d. Loss of all A.C. Power to the Station Auxiliaries

It is shown by these analyses that safety is ot adversely affected by these
incidents with the associated assumptions being that the instrumentation and
controls indicated in Section 7.4 are available to control and/or monitor
shutdown, These availatle systems allow 2 maintenance of hot shutdown

even under the accident conditions listed above which would tend toward a
return to criticality or a loss of heat sink.

7.4.3 REFERENCES

a. McGuire Electrical Schematics
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| 3. System Pressure (wide range)
l
|

| 5. Steam Line Pressure

7.5 SAFETY RELATTC DISPLAY |NSTRUMENTATION

7.5.1 DESCRIPTION

Tables 7.5.1=1 and 7.5.1=2 list the information readouts provided to the
operator to enable him to perform required manual safety functions, and to
determine the effect of manual actions taken following a reactor trip due

to & Condition i1, 11l, or IV event, as defined in Chapter 15. The tables
list the information readouts reguired to maintain the unit in a hot shutdown
condition or to proceed to cold shutdown within the limits of the Technical
Specifications, Reactivity control after Condition 11 and i1l faults is
maintained by administrative samp!ing of the reactor coolant for boron to
ensure that the concentration is sufficient to maintain the reactor suncritical,
The display instrumentation needed to enable the operator to perform

required manual safety functions for post-accident monitoring of Condition

Il and |1l faults involves the following seven parameters, for each one of
which at least two channeis of instrumnentation are provided, which are
presented in Table 7,5,1=1:

1. TCold or Thot (measured, wide range)

2. Pressurizer Water Level

4. Containment Pressure

6. Steam Generator Water Level (narrow range)

Each of the above channels is either recorded, as shown in Table 7.5.1<] or
| logged,

i
|
|
|

The display instrumentation needed to enable the operator to perform required f223,s

manual safety functions for post-ac-ident ménitoring of Condition IV faults
invlioves the following six parameters, for each one of which at least two i
channels of instrumentation are provided which are presented in Table 7.5.1=2:

1. Containment Pressure
2. RWST Water Level!
3. Steam Generator Water Level (narrow range)
| 4. Steam Line Pressure

IS. Pressurizer Water Level

b
n
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y {% . CONTROL SYSTEMS NOT REQUIRED FOR SAFETY

The general design objectives of the unit control systems are:

a. To establish and mairtain power eguilibrium between primary and
secondary system during steady state unit operation;

b. To constrain operational transients so as to preclude unit trip and
re~establish steady state¢ unit operation;

c. To provide the reactor operator witn monitoring instrumentation that
indicates all required input and output control parameters of the systems
and provides the operator the capability of assuming manual control of
the system,

N DESCRIPTION

The unit control systems described in this section perform the following
functions:

a. Reactor Control System

1. Enables the nuclear unit to accept a step load increase or decrease
of 10 percent and a ramp increase or decrease of 5 percent per minute
within the load range of 15 percent to 100 percent without reactor
trip, steam dump, or pressurizer relief actuation, subject to possible
xenon limitations.

2. Maintains reactor coolant average temperature Tavg within prescribed
limits by creating the bank demand signals for moving groups of full
length rod cluster control assemblies during normal operation and
operational transients. The Tayq control also supplies a signal to
pressurizer water levei control, and steam dump control.

b. Rod Control System
|. Provides for reactor power modulation by manual or automatic control

of full length control rod banks in a preselected sequence and for
manual operation of individual banks.

Systems for Monitoring and Indicating

Provide alarms to alert the operator if the required core reactivity
shutdown margin is not available due to excessive ccntrol rod inser=
tion. '

Display control rod position.

Provide alarms to alert the operator in the event of control rod
deviation exceeding a preset limit.
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Unit Control System Interlocks

).

2«

Prevent further withdrawal of the control banks when signal limits

are approached that predict the approach of a ONBR limit or kw/ft
limit.

Inhibit automatic turbine load change as required by the Nuclear
Steam Supply System.

Pressurizer Pressure Control

1s

Maintains or restores the pressurizer pressure to the design pressure
¥35 psi (which is well within reactor trip and relief and safety
valve actuation setpoint limits) following normal operational trans-
jents that induce pressure changes by control (manual or automatic)
of heaters and spray in the pressurizer. Provides steam relief by
controliing the power relief valves.

Pressurizer Water Level Control

P

Establishes, maintains, and restores pressurizer water level within
specified limits as a function of the average coolant temperature.
Changes in level are caused by coolant density changes induced by
loading, operational, and unloading transients. Level changes are
produced by means of charging flow control (manual or automatic) as
well as by manual selection of letdown orifices. Maintaining coolant
level in the pressurizer within prescribed limits by actuating the
charging and letdown system thus provides control of the reactor
coolant water inventory.

Steam Generator Water Level Control

2.

Establishes and maintains the steam generator water level to within
predetermined limits during normal operating transients.

The Steam Generator Water Level Control System also restores the
steam generator water level to within predetermined limits at

unit trip conditions., It regulates the feedwater flow rate such
that under operational transients the heat sink for the Reactor
Coolant System does not decrease below a minimum. Steam generator

water inventory control is manual or automatic through the use of
feedwater control valves.

Steam Oump Control

i,

ro

Permits the nuclear unit to accept a sudden loss of load without
incurring reactor trip. Steam is dumped to the condenser and/or the
atmosphere as necessary to accommodate excess power generation in the
reactor during turbine load reduction trans,ents.

Insures that stored energy and residual heat are removed following a

reactor trip to bring the unit to equilibrium no load conditions
without actuation of the steam generator safety valves.
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3. Maintains the unit at no load conditions and permits @ manually
controlled cooldown of the unit.

h. In=Core Instrumentation

Provides information on the neutron flux distribution and on the core
outlet temperatures at selected core locations.

y o O Reactor Control System

The Reactor Control System enables the nuclear unit to follow load changes
automatically including the acceptance of step load increase or decreases

of 10 percent and ramp increases or decreases of 5 percent per minute within
the load range of 15 percent toc 100 percent without reactor trip, steam dump,
or pressure relief - subject to possible xenon limitations. The system is
also capable of restoring coolant average temperature to within the programmed
temperature deadband following a change in load. Manual control rod opera-
tion may be performed at any time.

The Reactor Control System controls the reactor coolant average temperature
oy regulation of control rod bank position. The reactor coolant loop average
temperatures are determined from hot leg and cold leg measurements in each

reactor coolant loop. There is an average coclant temperature (Tavg) com=
puted for each loop, where:

Tavg - Tbg; + Teold
2

The error between the programmed reference temperature (based on turbine
impulse chamber pressure) and the highest of the average measured temyeratures
(which is processed through a lead-lag compensation unit' from each of the
reactor coolant loops constitutes the primary control signal as shown in
general on Figure 7.7.1-1 and in more detail on the functional diagrams shown

in Figure 7.2.1-1, sheet 9. The system is capable of restoring coolant average

temperature to the programmed value following a change in load. The pro-
grammed coolant temperature increases linearly with turbine load from zero

power to the full power condition. The Yan also suppiies a signal to
pressurizer level control and steam dump coﬁtrol and rod insertion limit

monitoring.

The temperature channcls needed to derive the temperature input signals for
the reactor control system are fed from protection channels via isolation
amplifiers.

An additional control input signal is derived from the reactor power versus
turbine ioad mismatch signal. This additional control input signal improves
system performance by enhancing response and reducing transient peaks.

The core axial power distribution is controlled during load follow maneuvers
by changing (a manual operator action) the boron concentratio~ in the reactor
coolant system. The control board 46 displays (7.7.1.3.1) indicates the

need for an adjustment in the axial power distribution. Adding boron to the
reactor coolant will reduce T, . and cause the rods (through the rod contrsl
system) to move toward the top of the core. This action will reduce power
peaks in the bottom of the core. Likewise, removing boron from the reactor
coclant will move the rods further into the core tn centrol power peaks ir
the top of the core.
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7o daleid Rod Contro! System

r o 05 i B Full Length Rod Control! System

The full length Rod Control System receives rod speed and direction signals
from the T, . control system. The rod speed demand signa! varies over the
corresponding range of 3.75 to 45 inches per minute (6 to 72 steps/minute)
depending on the magnitude of the input signal. The rod direction demand
signal is determined by the positive or negative value of the input signal.
Manual control is provided to move a control bank in or out at a prescribed
fixed speed.

When the turbine load reaches approximately 15 percent of rated load, the
operatur may select the AUTOMATIC mode, and rod motion is then controlled

by the Reactor Control System. A permissive interlock (-5 (See Table 7.7.1-1)
derived from measurements of turbine impulse chamber pressure prevents auto-
matic control when the turbine lcad is below 15 percent. In the AUTOMATIC
mode, the rods are again withdrawn (or inserted) in a predetermined programmed
sequence by the automatic programming equipment. The manual and automatic
controls are further interlocked with the control interiocks (see Table
7.7.1=1).

The shutdown banks are always in the fully withdrawn position during normal
operation, and are moved to this position at a constant speed by manual
control prior to criticality. A reactor trip signal causes them to fall by
gravity into the core. There are four shutcown banks.

The control banks are the only rods that can be manipulated under automatic
controi. Each control bank is divided into two groups to obtain smaller
incremental reactivity changes per step. All rod cluster contral assemblies
in a group are electrically paralleled to move simultaneously. There is
individual position indication for each rod cluster control assembly.

Power to rod drive mechanisms is supplied by two motor generator sets
operating from two separate 600 volt, three-phase buses. Each generator
is the synchronous type and is driven by a 150 hp induction motor. The AC
power is distributed to the rod control power cabinets through the two
series connecred reactor trip breakers.

The variable speed rod drive programmer affords the ability to insert
small amounts of reactivity at low speed to accomplish fine control of
reactor coolant average temperature about a small temperature deadband, as
well as furnishing control at high speed. A summary of the rod cluster
control assembly sequencing characteristics is given below.

3. Two groups within the same bank are stepped such that the reiative
position of the groups does not differ by more than one step.

b. The control banks are programmed such that withdrawal of the banks is
sequenced in the following order: control bank A, control bank 8,
control bank C, and control bank D. The programmed insertion seguence
is the opposite of the withdrawal sequence, i.e., the last control bank
withdrawn (bank D) is the first control bank inserted.

The control bank withdrawais are programmed such that when the first
bank reaches a preset position, the second bank begins to move out
simultaneously with the first bank, When the first bank reaches the
top of the core, it stops, while the second bank continues to move
toward its fully withdrawn position. When the second bank reaches a
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preset position, the third bank begins to move out, and so on. This
withdrawal sequence continues until the unit reaches the desirec power
level. The control bank insertion sequence is the opposite.

Overlap between successive control banks is adjusgable between 0 to
50 percent (0 to 115 steps), with an accuracy of = | step.

e. Rod speeds for either shutdown banks or control banks are capable of
being controlled between a minimum of 6 steps per minute and a maximum
of 72 steps per minute.

< g 1R Unit Control Signals for Monitoring and Indicating
y o Y Monitoring Functions Provided by the Nuclear Instrumentation
Sys tem

The Nuclear Instrumentation System is described in Reference 2.

The power range channels are important because of their use in monitoring
power distribution in the core within specified safe limits. They are

used to measure power level, axial power imbalance, and radial power
imbalance. These channels are capable of recording overpower excursions up
to 200 percent of full power. Suitable alarms are derived from these
signals as described below.

Basic power range signals are:
a. Total current from a power range detector (four such signals from
separate detectors); these detectors are vertical and have an active

length of 10 feet.

b. Current from the upper half of each power range detector (four such
signals).
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c. Current from the lower half of each power range detector (four such
signals).

Derived from these basic signals are the following (including standard
signal processing for calibration):

a. !ndicated neutron flux (four such).

b. Indicated axial flux imbalance, derived from upper half flux minus
lower half flux (four such).

Alarm functions derived are as follows:

a. Deviation (maximum minus minimum of four) in indicated nuclear power.
b. Upper radiai tilt (maximum to average of four) on upper-half currents.
c. Lower radial tilt (maximum to average of four) on lower-half currents.

Provision is made to continuously record, on strip charts on the control
ocard, the 8 ion chamber signals, i.e., upper and lower c.rrents for each
detector. Nuclear power and axial unbalance is selectable for recording as
well. Indicators are provided on the control board for nuclezr power

and for axial power imbalance.

A comprehensive discussicn of the Nuclear Instrumentation System can be
found in Reference 2.

Oy I ) Controi Rod Drive Position indication System for Full and
Part Length Rods

Two separate systems are provided to sense and display control rod position
as described below:

&. Digital Rod Position Indication System

The digital rod position indication system is described in Reference 6.
It measures the actual position of each full length rod using a detector
which consists of 42 discrete coils mounted concer* with the rod

drive pressure housing. The coils are located ax.aily along the

pressure housing on 3.75 inch spacing. They magnetically sense the entry
and presence of the rod drive shaft through its center line. The coils
are interlaced into two data channels, and are connected to the
Containment electronics (Data A and B) by separate multi-conductor
cables. Multiplexing is used to transmit the digital position signals
from the Containment electronics to the control board display unit. The
digital position signal is displayed on the main control board by light=
emitting-diodes (LED) for each full length control rod. The one LED
illuminated in the column shows the position for that particular rod.

By employing two separate channeis of information, the digital rod position
indication system can continue to function (at reduced accuracy) when

one channel fails.

Included in the system is a rod at bottom signal that operates a local
alarm and a Control Room annunciator.
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5. Demand Position Indication System

The demand position indication system counts pulses generated in the
Rod Control System to provide a digital readout of the demanded
bank position.

The demand position and digital rod position indication svstems are

seéparate system<; each serves as backup for the other. Operating procedures
require the reac.or operator to compare the demand and actual reading from
the rod position indicating system so as to verify proper operation of the
rod control system.

L Control Bank Rod Insertion Monitoring

Wnen the reactor is critical, the normal indication of reactivity status
in the core is the position of the control bank in relation to reactor
power l(as indicated by the Reactor Coolant System loop T) and coolant
average temperature. These parameters are used to calculate insertion
limits for the control banks. Two alarms are provided for each control
bank.

&. The "low' alarm alerts the operator of an approach to the rod insertion
limits requiring boron addition by following normal procedures with
the Chemical and Volume Control System.

b. The ''low-low'' alarm alerts the operator to take immediate action to add
boron to the Reactor Coolant System by any one of several alternate
me thods .

The purpose of the control bank rod insertion monitor is to give warning to
the operator of excessive rod insertion. The insertion limit maintains
sufficient core reactivity shutcown margin following reactor trip and
provides a limit on the maximum inserted rod worth in the unlikely event of
a hypothetical rod ejection, and limits rod insertion such that acceptable
nuciear peaking factors are maintained. Since the amount of shutdown
reactivity required for the design shutdown margin following a reactor trip
increases with increasing power, the allowable rod insertion limits must

be decreased (the rous must be withdrawn further) with increasing power.
Two parameters which are proportional to power are used as inputs to the
insertion monitor. These are the T between the hot leg and the cold leg,
which is a direct function of reactor power, and T, ., which is programmed
as a function of power. The rod insertion monitor uSes these parameters
for each control rod bank as follows :
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Z ., = ALT) + B(T_ )

auct avg’auct ¥

where

ZLL = Maximum permissible insertion limit for affected
control bank

("T)guct = Highest AT of all loops

(Tavg)auct = Highest Tavg of all loops

A,B,C Constants chosen to maintain Z L 2 actual limit

based on physics calculations
The :ontrol rod bank demand position (Z) is compared to Z;, as follows:
If Z = Z,L™> Da lowalarm is actuated.
If 2 -2 - Ea lowlow alarm is actuated.

Since the highest values of T, . and \T are chosen by auctioneering, a
conservatively high representation of power is used in the insertion
limit calculation.

Actuation of the low alarm alerts the operator of an approach to a reduced
shutdown reactivity situation. Administrative procedures require the
operator to add boron through the Chemical and Volume Control System.
Actuation of the iow-low alarm requires the operator to initiate emergency
boration procedures. The value for "E' is chosen such that the low-low
alarm is normally actuated before the insertion limit is reached. The
value for "D is chosen to allow the operator to follow normai boration
procedures. Figure 7.7.1-2 shows a block diagram representation of the
control rod bank insertion monitor. The monitor is shown in more detail
on the function diagrams shown in 7.2.1-1, shee. 9. |In addition to the rod
insertion monitor for the control banks, the unit computer, which monitors
individual rod positions, provides an alarm system that is associated with
the rod deviation alarm discussed below (7.7.1.3.4) to warn the operator
if any shutdown rod cluster control assembly leaves the fully withdrawn
position.

Rod insertion limits are established by:

a. Establishing the allowed rod reactivity insertion at full power
consistent with the purposes given above.

b. Establishing the differential reactivity worth of the control rods
when moved in normal sequence.

c. Established the change in reactivity with power level by relating
power level to rod position.

d. Linearizing the resultant limit curve. All key nuclear parameters in

this procedure are measured as part of the initial and periodic
physics testing program.

8
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Any unexpected change in the position of the control bank under automatic
control, or a change in coolant temperature under manual control, provides
s direct and immediate indication of a change in the reactivity status of
the reactor. In addition, samples are taken periodically of coolant boron
concentration. Variations in concentration during core life provide an
additional check on the reactivity status of the reactor, including core
depletion.

y i e W Rod Deviation Alarm

The demanded and measured rod position signals are displayed on the control
board. They are also monitored by the unit computer which provides a
visual printout and an audible alarm whenever an individual rod position
signal deviates from the other rods in the bank by a preset limit. The
alarm can be set with appropriate allowance for instrument error and
within sufficiently narrow limits to preclude exceeding core design hot
channel factors.

Figure 7.7.1-3 is a block diagram of the rod deviation comparator and Alarm
System.

7:7:-¥.3:5 Rod Bottom Alarm
A rod bottom signal for the full length rods bistable in the Digital Rod
Position System as described in Reference 6, is used to operate a control

relay, which generates the ROD BOTTOM ROD DROP alarm.

7.7.1.4 Unit Control System Interlocks

The listing of the unit control system interlocks, along with the descrip-
tion of their derivations and functions, is presented in Table 7.7.1-1. It
is noted that the designation numbers for these interlocks are preceeded by
“C." The development of these logic functions is shown in the functional
diagrams (Figure 7.2.1-1, sheets 9 to 16).

2-7- 14 Rod Stops

Rod stops are provided to prevent abnormal power conditions which could
result from excessive control rod withdrawal initiated by either a control
system mal function or operator violation of administrative procedures.
The C1, C2, C3, Ch, and C5 control interlocks identified in Table 7.7.1=!
are rod stops. The (3 rod stop derived from overtemperature —T and the .
rod stop, derived from overpower -T are also used for turbine runback, which
is discussed below:

7.7:1.4.2 Automatic Turbine Load Runback

Automatic turbine load runback is initiated by an approach to an overpower
or overtemperature condition. This prevents high power operation that
might lead to an undesirable condition, which, if reached, is pro-

tected by reactor trip.

Turbine load reference reduction is initiated by either an overtemperature
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Power relief valves limit system pressure for large positive pressure
transients. In the event oi & large load reduction, not exceeding the
design unit load rejection capability, the pressurizer power operatec
relief valves might be actuated for the most adverse conditions, e.g.,
tue most negative Doppler coefficient, and the minimum incremental roc
worth. The relief capacity of the power operated relief valves is sized
large enough to limit the system pressure to prevent actuation of high
pressure reactor trip for the above condition. The power relief valves
also limit system pressure during cold start-up to avoid exceeding
reactor vessel stress limits, by opening the valves when the reactor
coclant system pressure exceeds setpoint limit and the system temperature
setpoint is below the vessel nil-ductility temperature limit.

A block diagram of the pressurizer pressure contrci system is shown on
Figure 7.7.1-4,

7.7.1.6 Pressurizer Water Level Control

The pressurizer operates by maintaining a steam cushion over the reactor
coolant. As the density of the reactor coolant adjusts to the various
temperatures, the steam water interface moves to absorb the variations with
relatively small pressure disturbances.

The water inventory in the Reactor Coolant System is maintained by the
Chemical and Volume Contrul System. During normal plant operation, the
charging flow varies to produce the flow demanded by the pressurizer water
ievel controller. The pressurizer water level is programmed as a function
of coolant average temperature, with the highcst average temperature
(auctioneered) being used. The pressurizer water level decreases as the
load is reduced from full laod. This is a result of coolant contraction
following programmed cooiant temperature reduction from full power to low
power. The prograrned level is designed to match as nearly as possible
the level changes resulting from the coolant temperature changes.

To control pressurizer water level during startup and shutdown operatins,
the charging flow is manually regulated from the main Control Room.

A block diagram of the pressurizer water level control system is shown on
Figure 7.7.1=5.

W Steam Generator Water Level Control

Each steam generator is equipped with a three element feedwater flow con-
troller which maintains a nrogrammed water level which is a function of
neutron flux. The three element feedwater controller regqulates the feed-
water valve by cuntinuously comparing the feedwater flow signal!, the water
level signal, the programmed level and the pressure compensated steam flow
signal. In addition, by using turbine driven main feedwater pumps, the
feedwater pump speed is varied to maintain a programmed pressure differential
between the steam header and the feed pump discharge header. The speed
controller continuously compares the actual 4P with a programmed 4P which
is a linear function of steam flow. Continued delivery of feedwateFeto the
steam generators is required as a sirk for the heat stored and generated in
the reactor following a reactor trip and turbine trip. An override signal
closes the feedwater valves when the average coolant temperature is below &
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given temperature and the reactor has tripped. Manual override of the

feedwater control system is available at all times. When the nuclear plant
is operating at very low power levels (as during startup), the steam and feed-
water flow signals will not be usable for control. Therefore, a secondary

automatic control system is provided for operation at low power. This system
uses the steam generator water level and nuclear power signals in a feed
forward control scheme to position a bypass valve which is in parallel with
the main feedwater regulating valve. Switchover from the bypass feedwater
control system (low power) to the main feedwater control system is initiated
by the operator at approximately 25 percent power.

A block diagram of the steam generator water level control system is shown
in Figures 7.7.1-6 and 7.7.1-7.
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7.7.1.8 Steam Dump Contro!

The steam dump system is designed to accept a 100 percent loss of net load
without tripping the reactor.

The automatic steam dump system is able to accommodate this abnormal load
rejection and to reduce the effects of the transient imposed upon the Reactor
Coolant System. By bypassing main steam directly to the condenser, an arti=-
ficial load is thereby maintained on the primary system. In the event load
rejection exceeds 50 percent, main steam is also dumped to the atmosphere. The
Rod Conirol System can then reduce the reactor temperature to a new egquilibrium
value without causing overtemperature and/or overpressure conditions.

If the difference between the reference Tayg(Tref) based on turbine impulse
chamber pressure and the lead/lag compensated auctioneered T,,, exceeds a
predetermined amcunt, and the interlock mentioned below is sat?sfied, a
demand signal actuates the steam dump to maintain the Reactor Coolant
System temperature within control range until a new equilibrium condition
is reached.

To prevent actuation of steam dump on small load perturbations, an indepen=-
dent load rejection sensing circuit is provided. This circuit senses the
rate of decrease in the turbine load as detected by the turbine impulse
chamber pressure. It is provided to unblock the dump valves when the rate
of load rejection exceeds a preset value corresponding to a 10 percent step
load decrease or a sustained ramp load decrease of 5 percent/minute.

A block diagram of the steam dump control system is shown on Figure 7.7.1-8.
7:2:3.8:% Load Rejection Steam Dump Controller

This circuit prevents large increases in reactor coolant temperature follow-
ing a large, sudden load decrease or a turbine trip without a reactor trip.
The erro: signal is a difference between the lead/lag compensated auctioneered
Tavn and the reference T,,q is based on turbine impulse chamber pressure.

The Tayg signal is the same as that used in the Reactor Coolant System.
The lead/lag compensation for the T,,q signal is to compensate for lags in
the plant thermal response and in valve positioning. Following a sudden
load decrease, Tpef is immediately decreased and T,,, tends to increase,
thus generating an immediate demand signal for steam dump. Since control
rods are available, in this situation steam dump terminates as the error
comes within the maneuvering capability of the control rods.

7.7.1.8.2 Plant Trip Steam Dump Controller

Following a reactor trip, the load rejection steam dump controllier is defeated
and the plant trip steam Jdump control ler becomes active. Since control rods
are not available in this situation, the demand signal is the error signal
between the lead/lag compensated auctioneered Tavg and the no load reference
Tavg: When the error signal exceeds 2 predetermined setooint. the dump Yalves
are tripped open in a prescribed sequence. As the error signal reduces in
magnitude indicating that the Reactor Coolant System T is being reducec

av 3
toward the reference no-ioad value, the dump valves are 5odu!ated by the plant
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trip controlier toc regulate the rate of removal decay heat and thus gradualliy
establish the equilibrium hot shutdown condition.

| Following a reactor trip the steam dump capacity requirement 's only that

necessary to maintain steam pressure below the steam generator relief valve
setpoint (=40 percent capacity to the condenser); therefore, only the first
two groups of valves are opened. The error signal determines whether 2
group is to be tripped open or modulated open. In either case, they are
modulated when the error is below the trip-open setpoints.

1.0.8.3 Steam Header Pressure Controller

Residual heat removal is maintained by the steam generator pressure controller
(manually selected) which controls the amount of steam flow to the condensers.
This controller operates a portion of the same steam dump valves which goes

to the condensers and which are used during the initial transient following

a reactor trip.

v P In-Core Instrumentation

The In-Core !Instrumen:tation System consists of Chromel-Alumel thermocouples
at fixed core outlet positions, movable miniature neutron detectors used by
the flux mapping system which can be positioned at the center of selected
fuel assemblies, anywhere along the length of the fuel assembly vertical
axis. The basic system for insertion of these detectors is shown in

Figure 7.7.1=9. Sections 1 and 2 of Reference 5 outline the In-Core
Instrumentation System in more detail.

T 1a1:9.) Thermocouples

Chromel~-Alumel thermocouples are threaded into guide tubes that penetrate
the reactor vessel head through seal assemblies, and terminate at the exit
flow end of the fuel assemblies. The thermocouples are provided with two
primary seals, a conoseal and swage type sea! from conduit to head. The
thermocouples are supported in guide tubes in the upper core support
assembly, Thermocouple readings are monitored by the computer with backup
readout provided by a precision indicator with manual point selection
located in the Control Room. Information from the in-core instrumentation
is available even if the computer is not in service.

7:7:1.9.2 Movable Neutron Flux Detector Drive System

Miniature fission chamber detectors can be remotely positioned in retractable
guide thimbles to provide flux mapping of the core. See Reference 5 for
neutron flux detector parameters. The stairiess steel detector shell is
welded to the leading end of helical wrarc drive cable and to stainless

steel sheathed coaxial cable. The retractable thimbles, into which the

. miniature detectors are driven, are pushed into the reactor core tnrough

conduits which extend from the bottom of the reactor vessel down through
the concrete shield area and then up to a thimble seal table.

The timbles are closed at the leading ends, are dry inside, and serve as
the pressure barrier between the reactor water pressure anc the atmosphere.
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Mechanical seals between the retractable thimbles and the conduits are pro-
vided at the seal line. During reactor operation, the retractable thimbles
are stationary. They are extracted downward from the core during refueling
to avoid interference within the core. A space above the seal line is pro-
vided for the retraction operation.

The drive system for the insertion of the miniature detectors consists basical-
ly of drive assemblies, five path rotary transfer assemblies, and ten path
rotary transfer assemblies, as shown in Figure 7.7.1-9. These assemblies are
described in Reference 5. The Drive System pushes hollow helical wrap drive
cables into the core with the miniature detectors attached to the leading ends
of the cables and small diameter sheathed coaxial cables threaded through the
hollow centers back to the ends of the drive cables. Each drive assembly
consists of a gear motor which pushes a helical wrap drive cable and a detec-
tor through a selective thimble path by means of a special drive box and
includes a storage device that accommodates the total drive cable length.

The leakage detection and gas purge provisions are discussed in Reference 5.

Manual isolation valves (one for each thimble) are provided for closing the
thimbles. When closed, the valve forms a 2500 psig barrier. The manual
isolation valves are not designed to isolate a thimble while a detector/drive
cable is inserted into the thimble. The detector/drive cable must be
retracted to a position above the isolation valve prior to closing the valve.

A small leak would probably not prevent access to the isolation valves and
thus a leaking thimble could be isolated during a hot shutdown.

A large leak might require cold shutdown for access to the isolation valve.
7:-7:1.9.3 Control and Readout Description

The control and readout system provides mzans for inserting the miniature
neutron detectors into the reactor core and withdrawing the detectors while
plotting neutron flux versus detector position. The control system consists
of two sections, one physically mounted with the drive units, and the other
containad in the Control Room. Limit switches in each transfer device pro-
vide feedback of path selection operation. Each gear box drives an encoder
for position feedback. One five path operation selector is provided for each
drive unit to insert the detector in one of five functional modes of opera-
tion. A ten path rotary transfer assembly is a transfer device that is used
to route a detector into any one of up to ten selectable paths. A common
path is provided to permit cross calibration of the detectors.

The Control Room contains the necessary equipment for control, position
indication, and flux recording for each detector. Additicnal panels arc
provided for such features as drive motor controls, core path selector
switches, plotting and gain controls.

Flux mapping is accomplished by selecting (by panel switches) flux thimbles

in given fuel assemblies at various core quadrant locations. The detectors

are driven to the top of the core and stopped automatically. An X-Y plot
(position versus flux level) is initiated with the slow withdrawal of the detec-
tors through the core from the top to a point below the bottom of the core. In
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7.7.1.14.3 Alarms

Annunciator alarms for filter malfunction, high temperature and fire alarm
are provided.

Alarm bells are provided at each end of the fuel poo! to indicate loss of
exhaust fan operation,

T.7.1. 1. b Bypass
A dampered bypass is provided around the fuel pool exhaust filter train for

use during normal operation, Bypass position status is indicated on the
HVAC pane! in the Contro! Room.

Refer to Table 9.4.2-2, page &, ''Exceptions and Comments,'’ (-2-i, for a
complete description of the filter bypass. l

7722 ANALYS IS

The Unit Control Systems are designed to assure high reliability in any
anticipsted operational occurrences. Equipment used in these systems is
designed and constructed with a high level of reliability.

Proper positioning of the control rods is monitored in the Control Room Ly
bank arrangements of the individual position columns for each rod cluster
control assembly. A rod deviation alarm alerts the operator of a deviation
of one rod cluster contro! assembiy from the other rack in that bank
position., There are also insertion limit monitors with visual and audible
annunciation. A rod bottom alarm signal is provided to the Control Room
for each full length rod cluster control assembly. Four excore long ion
chambers also detect asymmetrical flux distribution indicative of rod
misalignment,

Overall reactivity control is achieved by the combination of soluble boron
and rod cluster contro! assemblies. Long term regulation of core reactivity
is accomplished by adjusting the concentration of boric acid in the reactor
coolant. Short term reactivity control for power changes is accompiished by
the unit control systems which automatically move rod cluster control
assemblies, The input signals to the unit control systems include reutron
flux, coolant temperature, and turbine load.

The axial core power distribution is controlied by moving the control rods
through changes in reactor coolant system boron concentration. Adding
boron causes the rods to move out thereby reducing the amount of power in
the bottom of the core, this allows power to redistribute toward the top

of the core. Reducing the boron concentration causes the rods to move

into the core thereby reducing the power in the top of the core, the result
redistributes power towards the bottom of the core.
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Jal-2:2 Response Considerations of Reactivity

Reactor shutdown with control rods is completely independent of tne control
functions since the trip breakers interrupt power to the full length rod
drive mechanisms regardless of existing control signals. The design is such
that the system can withstand accidental withdrawal of control groups or
unplanned dilution of soluble boron without exceeding acceptable fuel design
limits. The design meets the requirements of criteria 25 of the 1571 GOC.

No single electrical or mechanical failure in the Rod Control System can
cause the accidental withdrawal of a single rod cluster control assembly
from the partially inserted bank at full power operation. The operator
can deliberately withdraw a single rod cluster control assembly in the
control bank; this feature is necessary in order to retrieve a rod, should
one be accidentally dropped. In the extremely unlikely event of simultan~
eous electrical failures which could result in single RCCA withdrewal, rod
deviation is displayed on the unit annunciator, and the individual rod
position readouts indicate the relative positions of the rods in the bank.
Withdrawal of a single rod cluster control assembly by operator action,
whether deliberate or by a combination of errors, results in activation of
the same alarm and the same visual indications.

Each bank of control and shutdown rods in the system is divided into two
groups of up to & or 5 mechanisms each. The rods comprising a group operate
in parallel through multiplexing thyristors. The two groups in a bank move
sequentially such that the first group is always within one step of the
second group in the bank. A definite schedule of actuation or deactuation
of the stationary gripper, moveable gripper, and lift coils of a mechanism
is required to withdraw the rod cluster control assembly attached to the
mechanism. Since the four stationary grippers, moveable gripper, and lift
coils associated with the rod cluster control assemblies of a rod group are
driven in parallel, any single failure which could cause rod withdrawal
would affect a minimum of one group of rod cluster control assemblies.
Mechanical failures are in the direction of insertion, or immobility.

The identified multiple failure involving the least number of components
consists of open circuit failure of the proper two-out-of sixteen wires
connected tu the gate of the 1ift coil thyristors. The probability of
open wire (or terminal) failure is N.016 x 10°° per hour by MIL-HDB217A.
These wire failures would have to be accompanied by failure, or disregard,
of the indications mentioned above. The probability of this oczurrence is
therefore too low toc be significant.

Concerning the human element, to erroneously withdraw a single rod cluster
control assembly, the operator has to improperly set the BANK SELECTOR
switch, the LIFT COIL DISCONNECT switches, and the IN-OUT-HOLD switch.

In addition, the three indications have to be disregarded or ineffective.
Such series of errors requires a complete lack of understanding and
administrative control. A probability number cannot be assigned tc a series
of errors such as these.

The Rod Position Indication System provides direct visual displays of each
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control rod assembly position. The unit computer alarm is actuated for devia-
tion of rods from their banks. In addition a rod insertion limit monitor pro-
vides an audible and visual alarm to warn the operator that an abnorma' con-
dition is approaching due to dilution. The low-low insertion limit alarm
alerts the operator to follow emergency boration procedures. The facility
reactivity control systems are such that aczeptable fuel damage limits are

not exceeded even in the event of a single malfunction of either system.

An important feature of the Rod Control System is that insertion is
provided by gravity fall of the rods.

In all analyses involving reactor trip, the single, highest worth rod
cluster contrel assembly is postulated to remain untripped in its full out
position.

One way of detecting a stuck contro! rod assembly is available from the

actual rod position information displayed on the control bnard. The control
board position readouts, one for each full length rod, give the operator

the aciual position of the rod in steps. The indications are grouped by banks
(e.q., CONTROL BANK A, CONTROL BANK B, etc.) to indicate to the operator the
deviation of one rod with respect to other rods in a bank. This serves as a
means to identify rod deviation.

The computer monitors the actual position of all rods. Should a rod
be misaligned from the other rods in that bank by more than 15 inches, the
rod deviation alarm is actuated.

Misaligned rod cluster control assemblies are also detected and alarmed in
the Control Room via the flux tiit monitoring portion of the Nuclear Ins: v~
mentation System which is independent of the unit computer.

Isolated signals derived from the Nuclear Instrumentation System are
compared with one another to determine if a preset amount of deviation of
average power level has occurred. Should such a deviation occur, the
comparator output operates a bistable unit to actuate a control board
annunciator. This alarm alerts the operator to a power imbalance caused
by a misaligned rod. By use of individual rod position re-+outs, the
operator can determine the deviating control rod and take corrective
action. The design of the plant control systems meets the requirements
of criteria 23 of 10CFRS0 Appendix A.

The Boron Recycle System can compensate for all xenon burnout reactivity
transients without exception.

The Rod Control System can compensate for xenon burnout reactivity transients
over the allowed range of rod travel. Xenon burnout transients of larger
magnitude must be accommodated by boration or by reactor trip (which
eliminates the burnout).
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The Boron Recycle System is not used to compensate for the reactivity effects
of fuel/water temperature changes accompanying power level changes.

The Rod Control System can compensate for the reactivity effect of fuel/water
temperature changes accompanying power level changes over the full range from
ful) load to no load at the design maximum load uprate.

Automatic control of the rods is limited to the range of approximately 15
percent to 100 percent of rating.

The Boron Recycle System maintains the reactor in the cold shutdown state
irrespective of the disposition of the control rods.

b o R Step Load Changes Without Steam Dump

The Reactor Control System restores equilibrium conditions, without a trip,
following a plus or minus 10 percent step change in load demand, over the
15 to 100 percent power range for automatic control. Steam dump is blocked
for load decrease less than or equal to 10 percent. A load demand greater
than full power is prohibited by the turbine control load limit devices.

The Reactor Control System minimizes the reactor coclant average temperature
deviation during the transient within a given value and restores average
temperature to the programmed setpoint. Excessive pressurizer pressure
variations are prevented by using spray and heaters and power relief valves
in the pressurizer.

The control system must limit nuclear power overshoot to acceptable values
following a 10 percent increase in load to 100 percent.

7.7.2.4 Loading and Unloading

Ramp loading and unloading of 5 percent per minute can be accepted over the
15 to 100 percent power range under automatic control without tripping the
unit. The function of the control system is to maintain the coolant
average temperature as a function of turbine-generator load.

The coolant average temperature increases during loading and causes a con-
tinuous insurge to the pressurizer as a result of coolant expansion. The
sprays limit the resulting pressure increase. Conversely, as the coolant
average temperature is decreasing during unloading, there is a continuous
outsurge from the pressurizer resulting from coolant contraction. The
pressurizer water level is programmed such that the water level is above the
setpoint for heater cutout during the loading and unloading transients.

The primary concern during loading is to limit the overshoot in nuclear
powar and to provide sufficient margin in the overtemperature AT setpoint.

The automatic load controls are designed to adjust the unit generation to
match load requirements within the limits of the unit capability and
licensed rating.

| During rapid loading transients, a drop in reactor coolant temperature is
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sometimes used to increase core power. This mode of operation is apnlied when
the control rods are not inserted deep enough into the core to supply all the
reactivity requirements of the rapid load increase (the boron control system

is relatively ineffective for rapid power charges). The reduction in tempera-
ture is initiated by continued turbine loading past the point where the control
rods are completely withdrawn from the core. The temperature drop is recovered
and nominal conditions restored by a boron dilution operation.

Excessive drops in coolant temperature are prevented by interlock C-16. This
interlock circuit monitors the auctioneered low coolant temperature indications
and the programmed reference temperature which is a function of turbine impulse
pressure and causes a turbine loading stop when the decreased temperature reaches
the setpoints.

The core axial power distribution is controlled during the reduced temperature
return to power by placing the control rods in the manual mode when the Aé operat-
ing limits are approached. Placing the rods in manual will stop further changes in

L6 and it will also initiate the required drop in coolant temperature. Normally
power distribution control is not required during a rapid power increase and the
rods will proceed, under the automatic rod control system, to the top of the core.

The bite position is reestablished at the end of the transient by decreasing the
coolant boron concentration.

7.7.2.5 Load Rejection Furnished By Steam Dump System
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wWhen a loa? rejection occurs and the difference between the required tempera- !
ture setpoint of the Reactor Coolant System and the actual average cemoera-
ture exceeds a predetermined amount, a signal actuates the steam-dump to

maintain Fh? R?actor Coolant System temperature within control range until
@ new equilibrium condition is reached.

Tne reactor power is reduced at a rate consistent with the capability of the
Rod Control System. Reduction of the reactor power is automatic. The steam
dump flow reduction is as fast as rod cluster control assemblies are capable
of inserting negative react vity.

The Rod Control System can then reduce the reactor temperature to a new
equilibrium value without causing overtemperature and/or overpressure
conditions. The steam dump steam flow capacity is B5 percent of full load
steam flow at full load steam pressure.

The stean dump flow reduces proportionally as the control rods act to reduce
th2 average coolant temperature. The artificial load is therefore removed
as the coolant average temperature is restored to its programmed equilibrium
value.

The dump valves are modulated by the reactor coolant average temperature
signal. The required number of steam dump valves can be tripped quickly to
stroke full open or modulate, depending upon the magnitude of the temperature
error signal resuliting from loss of load.

r i e Reactor Trip

The unit is operated with a pro-
grammed average temperature as a function of load, v..th the full load average
temperature significantly greater than the equivalent saturation pressure of
the safety valve setpoint. The thermal capacity of the Reactor Coolant
System is greater than that of the secondary system, anc because the full
load average temperature is greater than the no load temperature, a heat
sink is required to remove heat stored in the reactor coolant to prevent
actuation of steam generator safety valves for a trip from full power. This
heat sink is provided by the combination of controlled release of steam to
the condenser and by makeup of cold feedwater to the steam generators.

The Steam Dump System is controlled by the reactor coolant average temper-
at.re signal whose setpoint values are programmed as a function of turbine
loai. Actuation of the steam dump is rapid to prevent actuation of the

steam generator safety valves. With the dump valves open, the average coolant
temperature starts to reduce quickly to the no load setpoint. A direct
feedback of temperature acts to proportionally close the valves to minimize
the total amount of steam which is bypassed.

Following a reactor trip, the feedwater flow is cuvt off when the average
coolant temperature decreases below a given temperature or when the steam
generator water level reaches a given high level.

—
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4Additicnal feedwater makeup is then controlled manually to restore and main-
tain steam generator water level while assuring that the reactor coolant
temperature is at the desired value. Residual heat removal is maintained

by the steam header pressure controller (manually selected) which controls
the amount of steam flow to the condensers. This controller operates a
portion of the same steam dump valves to th¢ condense~s which are used during
the initial transient following a reactor trip.

The pressurizer pressure anJd level fall rapidly during the transient because
of coolant contraction.

|f heaters become uncovered following the trip,
the Chemical and Volume Control System provides full charging flow to
restore water level in the pressurizer. Heaters are then turned on to
restore pressurizer pressure to normal.

The steam dump and feedwater control systems are designed to prevent the

average coclant temperature from falling below the programmed no load temp-
erature following the trip to ensure adequate reactivity shutdown margin.
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Reactor Trip

7. Overpower AT

8. Pressurizer low pressure

9. Pressurizer high pressure
10. Pressurizer high water level

11. Low reactor coolant flow

+ 12. Reactor coolant pump
|

under voltage

Coincident Logic

Table 7.2.1-1 (Page 2 of &)

List of Reactor Trips

Interlocks

2/h

2/4

2/h

2/3

2/3 in any loop

2/4

No interlocks

Interlocked with P~7

No interlocks

Interlocked with P-7

Interlocked with P-7 and

P-8

Interlocked with P-7

Comments

Blocked below P-7

Blocked below P-7

Low flow in one loop will cause
a reactor trip when above P-8

and a low flow in two loops will
cause a reactor trip when above

P-7. Blocked below P-7

Low voltage to RCP motors permitted

below P-7

Revision 13§



Reactor Trip
Reactor coolant pump bus

under frequency

Low-low steam

generator water level

Safety injection

signal

Table 7.2.1-1 (Page 3 of L)

List of Reactor Trips

Coincident Logic Interlocks

2/4 Interlocked with P-7

2/4 in any loop No interlocks

Coincident with No interlocks
actuation of

safety injection

Comments
Under frequency on 2 buses will
trip all reactor coolant pump
breakers and cause reactor trip;

reactor trip blocked below P-7.

(See Section 7.3 for Engineered
Safety Features actuation con-

ditions)
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Table 7.2.1-1 (Page & of 4)

List of Reactor Trips

Reactor Trip Coincident Logic Interlocks Comment s
35 | 16. Manual 1/2 No interlocks

35
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Desig=

nation

Table 7.2.1-2 (1 of 2)

Protection System Interlocks

Derivation

Function

POWER ESCALATION PERMISSIVES

1/2 Neutron flux (intermediate~
range) above setpoint

2/2 Neutron flux (intermediate~
range) below setpoint

2/4 Neutron flux (power-range)
above setpoint

3/4 Neutron flux (power-range)
below setpoint

BLOCKS OF REACTOR TRIPS

3/4 Neutron flux (power-range)
below setpoint (from P-10)

and
2/2 Turbine impulse chamber
pressure below setpoint
(from P-13)

Allows manual block of source
range reactor trip

Defeats the block of source
range reactor trip

Allows manual block of power
range (low setpoint) reactor
trip

Allows manual block of
intermediate range reactor
trip and intermediate range
rod stops (C-1)

Blocks source range reactor
trip (de-energizes source range
high voltage for equipment
protectiot)

Defeats the block of power
range (low setpoint) reactor
trip

Defeats the block of inter=
mediate range reactor trip
and intermediate range rod
stops (C-1)

Input tc P=7

Absence of sianal blocks

reactor trip oO.:

Low flow in more than one loop,

under voltage, underfrequency,
pressurizer low

pressure, and pressurizer high

level
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Table 7.2.1-1 (Page & of &)

List of Reactor Trips

Reactor Trip Coincident Logic Interlocks Comments
35 16. Manual 1/2 No interlocks

35
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Desig~
nation

Table 7.2.1-2 (1 of 2)

Protection System Interlocks

Derivation

Function

POWER ESCALATION PERMISSIVES

1/2 Neutron flux (intermediate~
range) above setpoint

2/2 Neutron flux (intermediate-
range) below setpoint

2/4 Neutron flux (power-range)
above setpoint

3/4 Neutron flux (power-range)
below setpoint

BLOCKS OF REACTOR TRIPS

3/4 Neutron flux (power-range)
below setpoint (from P-10)

and
2/2 Turbine impulse chamber
pressure below setpoint
(from P=13)

Allows manual block of source
range reactor trip

Defeats the block of source
range reacto rip

Allows manual block of pcwer
range (low setpoint) reactor
trip

Allows manual! block of
intermediate range reactor
trip and intermediate range
rod stops (C-1)

Blocks source range reactor
trip (de-energizes source range
high voltage for equipment
protection)

Defeats the block of power
range (low setpoint) reactor
trip

Defeats the block of inter-
mediate range reactor trip
and intermediate range rod
stops (C-1)

Input to P-7

Absence of signal blocks

reactor trip on:

Low flow in more than one loop,

under voltage, underfrequency,
pressurizer low

pressure, and pressurizer high

level
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Desig-

nation

p-8

Table 7.2.1-2 (2 of 2)

Protection System Interlocks

Derivation

Function

2/k Neutron flux (power=-range)
above setpoint

2/2 Turbine impulse chamber
pressure below setpoint

Absence of signal blocks
reactor trip on low flow

Input to P-7



Table 7.2.1-3

Reactor Protection System Instrument Accuracies

Reactor Trip Signal

13

31 1w,

i

35 | (a)

Power-range high neutron flux

Intermediate-range high
neutron flux

Source-range high
neutron flux

Power~range high positive
neutron flux rate

Power-range high negative
neutron fiux rate

Overtemperature AT
Overpower AT
Pressurizer low pressure

Pressurizer high pressure

. Pressurizer high water level

Low reactor coolant flow

Reactor coolant pump
under voltage

Reactor coolant pump bus
underfrequency

Low-low steam generator
water level

Reproducibility

See
System Accuracy Note
+1 percent of full power
+5 percent of full scale (a)
*+1 percent of full_icale (2)
from 10 ° to 10
ampe res
+5 percent of full scale {a)
+5 percent (a)
+5 percent (a)
+3.2°F
+2.7°F
+18 psi
+i4 psi
+2.3 percent of full range
Ap between taps at design
temperature and pressure.
+2.5 percent of full flow (a)

within range of 70
percent to 100 percent
of full flow

+5 percent of rated voltage
#0.1 Hz

+2.3 percent of 'p signal

over pressure range of
700 to 1200 psig
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21

1)

2)

Trip (a)

Power-Range
High Neutron
Flux Trip
(Low
Setpoint)

Power-Range
High Neutron
Flux Trip
(High
Setpoint)

1)

ro
~—

3)

1)

2)

3)

k)

5)

7)

8)

Table 7.2.1-4 (1 of 5)

Reactor Trip Correlation

Accident (b)

Uncontrolled Rod Cluster Control
Assembly Bank Withdrawal From A
Subcritical Condition (15.2.1)

Excessive Heat Removal Due to
Feedwater System Malfunctions
(15.2.10)

Rupture of a Control Rod Drive
Mechanism Housing (15.4.6)

Uncontrolled Rod Cluster Control
Assembly Bank Withdrawal From A
Subcritical Condition (15.2.1)

Uncontrolled Rod Cluster Control
Assembly Bank Withdrawal at
Power (15.2.2)

Startup of an Inactive Reactor
Coolant Loop (15.2.6)

Excessive Heat Removal Due to
Feedwater System Malfunctions
(15.2.10)

Excessive Load Increase
Incident (15.2.11)

Accidental Depressurization
of the Main Steam System
(15.2.13)

Major Secondary Systom Pipe
Rupture (15.4.2)

Rupture of a Control Rod Drive
Mechanism Housing (Rod Cluster
Control Assembly Ejection)
(15.4.6)

Tech. Spec.

(¢)

2.8

e &
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21 | 1)
21 12)
21 | 13)
35 |
5 |
21 | 14)
|
35
15)
15 | 16)
25 |

Trip (a)

Pressurizer
High Water
Level Trip

Low Reactor
Coolant Flow

Reactor
Coolant

Pump

Under voltage
Trip

Reactor
Coolant
Pump Bus
Underfre-
quency Trip

Low= low
St~am Gen-
erator Water
Level Trip

Turbine
Trip upon a
Reactor Trip

1)

2)

1)

2)

3)

Table 7.2.1-4 (4 of 5)

Reactor Trip Correlation

Accident (b)

Tech. Spec.

(¢)

Uncontrolled Rod Cluster 2.2
Control Assembly Bank at
Power (15.2.2)

Loss of External Electrical
Load and/or Turbine Trip
(15.2.7)

Partial Loss of Forced Reactor 2.2
Coolant Flow (15.2.5)

Loss of 0ff-Site Power to the
Station Auxiliaries (Station
Blackout) (15.2.9)

Complete Loss of Forced Reactor
Coolant Flow (15.3.4)

Complete Loss of Forced 2.2
Reactor Coolant Flow (15.3.4)

Complete Loss of Forced 2.2
Reactor Coolant Flow (15.3.4)

Loss of Normal Feedwater 2.2
(15.2.8)
Loss of Off-Site Power to the 5.3

Station Auxiliaries (Station
Blackout) (15.2.9)

Excessive Heat Removal due to
Feedwater System Malfunction

-
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Table 7.2.1-4 (5 of §)

Reactor Trip Correlation

Trip (a) Accident (b) Tech. Spec. (c¢)

15 | 17) Safety Accidental Depressurization of see note e |
Iinjection the Main team Svwstem (15.2.13)
Signal
Actuation
Trip

35 E I8) Manual Trip Available for all Accidents see note d |
(Chapter 15)




TABLE 7.3.1-1]

Instrumentation Operating Condition For Engineered Safety Features

NO. FUNCTIONAL UNIT

| SAFETY INJECTION

a. Manua’

b. High Cor. -inment Pressure

c. Low Steam Line Pressure
35

d. Pressurizer Low Pressure*
35

2 CONTAINMENT SPRAY

a. Manual

b. Containment Pressure

High=High

NO. OF

CHANNELS

2
3

3/Steam line

NO. OF
CHANNELS

T0 TRIP_

I
2

2/Steam line in
any steam line.

% Permissible bypass if reactor coolant pressure less than 1900 psig.
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35

35

Designation

Pk

TABLE 7.3.1-3 (1 of 2)

Interlocks For Engineered Safety Features Actuation System

Ingut

Reactor trip

Reactor not tripped

2/3 Pressurizer pressure
below setpoint

Function Performed

Actuates turbine trip

Closes main feedwater falves
on Tavg below setpoint

Prevents opening of main
feedwater valves which were
closed by safety injection
or high steam generator
water level

Allows manual reset/block
of the automatic reactuation
of safety injection

Blocks steam dump control
via load rejection T

avg
controlier.

Makes s:cam dump valves
available or either tripping
or modulation

Defeats the manual reset,/Hlock
preventing automatic reactuation
of safety injection

Blocks steam dump control
i lan rip T controller.
via p t trip avg nt e

Allows manual block of safety
injection actuation on low
pressurizer pressure signal.

Allows manual block of safety
injection actuation and steam
line isolation on low compensated
steam line pressure signal and
allows steam line isolation on
high steam line negative pressure
rate.

Revision 35

R R TS A T LIRS T




TABLE 7.3.1-3 (2 of 2)

Interlocks For Engineered Safety Features Actuation System

Designation
35

P=-12
35'

P-14
35

|

35|

lngut

2/3 Pressurizer pressure
above setpoint

2/4 Tavg below setpoint

3/4 'ravg above setpoint

2/3 Steam generator water
level above setpoint on
any steam generator

Function Performed

Defeats manual block of

safety injection actuation and
steam line isolation on lcv

steam line pressure and de) ats
steam line isolation on high s.eam=
line negative pressure rate.

Reinstates automatically safety
injection and steamline isolation
on low steam line pressure and
automatically blocks steam line
negative pressure rate.

Allows manua! bypass of steam
dump block for the cooldown valves
only

Blocks steam dump

Defeats the manual bypass of
steam dump block

Cioses all feedwater control valves

Trips all main feedwater pumps
which closes the pump discharge
valves.

Actuates turbine trip.
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Table 7.4,1=1

Auxiliary Shutdown Control Panel

Controls and Indicators Available for Hot Shutdown

Indicators

Pressurizer lLevel

Pressurizer rFressure
1| Reactor Coolant Loop D Hot Leg Temperature

Controls

Reciprocating Charging Pump

Nuclear Service Water Pump 1A

Nuc lear Service Water Pump 1B

Component Cooling Water Pump 1Al
Component Cooling Water Pump A2
Component Cooling Water Pump 18!
Component Cooling Water Pump 182
Pressurizer Heater Backup Group 'I1A'
Pressurizer Heater Backup Group 'I8'
Boric Acid Transfer Pump IA

Boric Acid Transfer Pump B

Letdown Crifice lsolation Valve = INV4STA
Letdown Orifice Isolation Valve = INV458A
Letdown Orifice Isolation Valve = INV459A

| !

Centrifugal Charging Pump 1A
Centrifugal Charging Pump 13
Boric Acid Charging Pumps Valve = INV2658
Auxiliary Spray Supply to Pressurizer Isolation Valve = INV21A
| NV Supply to NC Loop 4 Isolation Valve - 1MV 16A
| NV Supply to NC Loop | Isolation Valve - INVI3B
| Pressurizer #1 Power Operated Safety Relief Valve - INC34A
19 | Pressurizer #! Power Operated Safety Relief Valve - INC32B
| Pressurizer #] Power Operated Safety Relief Valve - INC3GB
NC Loop 3 Supply to Excess Letdown Hx. #1 lIsolation Valve - INV24B
| NC Loop 3 Supply to Excess Letdown Hx. #1 lsolation Valve - INV25B
! NC Letdown Isolation To Regenerative Hx. #1 Valve - INVIA
i NC Letdown Isolation To Regenerative Hx. #1 Valve - INV2A
|
]

BA To BA Blender Control Valve - INV267A
Excess Letdown Hx. #1 Tube Outlat Control Valve - INVZ6
Regenerative Hx #1 Tube Inlet Control Valve - INV241]

Note: While not used for hot shutdown, RHR controls as described in
7.4.1.5.1.6, have been provided on this panel for the operators
convenience.
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FEEOWATER AND STEAN SYSTEMS

b

Pag g ey

Corteol rod

bank measured

Containment

Pressure

Auxiliary feed-

water tlow

Steam generator
tevel (navrow

i At )

Table 7.5.1-3

Sheet 7 of 9

Control Room Indicators and/or Recorders Available to the Uperator to

Monitor Significant Unit Parameters During Normal Operation

Mo, ot

Channels

Available Range

4 0 to 230 sieps

4 0-115/ of design
pressure

| /Feed 50 to 800 gpm

line

3/Steam +7 to -5 feet

generator from nomiral full

load level

Indicated
Accuracy(l)
+
- 2.5/ of
total bank

travel

T §.5% of

full scale

3.54

* & of
ap
(hot)

Indicator/

All & control rod
bank positions are
recorded along with

the low-low limit

alarm for each
bank.

All & channels
indicated, one

is recorded

All channels

indicated.

All channels
indicated. The
channels used
for control are

recorded.

Location

Control

Board

Control

Board

Control

Board

Control
Board

Notes

1. One channel tor each
control rod

2. An alarm and annunciator
is actuated when the last
rod control bank to be
withdrawn reaches the
withdrawal limit, when
any rod control bank
reaches the low insertion
limit & { wher. any rod
control bank reaches the

low=low insertion limit

One channel to measure the

flow to vach steam generator

Revision 8




E-17L"L 34nbyLy
NOILLVIS HVITONN FHINDW

A01VIVdAWO2 NOTLVIA3O GOY

“SANYVE TOMINOD 1TV ¥04 INOQ ATTVNGIAIGNT SI NOSI¥VANOD “E

TYN9IS
WNYE ONYW3C 3HL ONV 00 TVNGIAION] ANY N33MI38 LINIT IN3SI¥d V NVHL ¥31v3¥0
JONIN34310 NOILISOd V SISIX3 J¥IHL 41 WEVIV IHL 3ZI0¥INI TTIM HOLVHVAWOD 3HL 2

"SINN! ¥IINANOD HOLVHEVAWOD IHL ¥04 Q3SN 38 AVW STVNOIS DGIVNV ¥0 IvLI9IG "1 310N

—

f— ANVE LVHL 40
b 4 SHIBNIN SV (31 41SSVII SA0U
401 V3VINOD 3S0HL 40 ONIQV3IY
NOI11SOd Q0¥ TVAGIAIONI

(1041N0D 00¥) TVNDIS XWVE ONVW3Q

NEV 1Y



PRESSURIZER PRESSURE
SIGNAL

REFERENCE PRESSURE

W DE RANGE WIDE RANGE
LOOP TEMP.  RCS PRESS.
REMOTE MANUAL
POSITIONING
SPRAY ’
CONTROLLER
Y ' B Y ] l v
| com— POWER POWER TO BACKUP TO VARIABLE
OVER PROTECTION  RELIEF RELIEF HEATER HEATER
ONTROL FUNCTION VALVES VALVE CONTROL CONTROL
22&3 81

BLOCK D'AGRAM OF PRESSURIZER

AT, PRESSURE CONTROL SYSTEM

‘vﬁq McGUIRE NUCLEAR STATION

Figure 7.7 -
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AVG
PRESSURIZER 1
LEVEL SIGNAL .
LEVEL
PROGRAMME R

REMOTE MANUAL
CONTROL

Pi CONTROLLER

!
TO BACKUP
HEATER CONTROL

1

CHARGING FLOW CONTROL VALVE
POSITION AND/OR CHARGIMG
PUMP SPEED

4
McGUIRE NUCLEAR STATION

- - s

Figure 7.7.1-5

K DIAGRAM OF PRESSURIZER
L CONTROL SYSTEM
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STEAM FLOW
SIGNAL

REMOTE MANUAL
POS T ONING

NUCLEAR FLUX

1

LEVEL
PPOGRAMMER

FEEDWATER
FLOW SIGNAL

STEAM GENERATOR
WATER LEVEL SIGNAL

:

FILTER

PI CONTROLLER

PI CONTROLLER

I

POWER RANGE
NEUTRON FLUX

i ;

PI CONTROLLER

MAIN FEEDWATER
CONTROL VALVE
DYNAMICS

MAIN FEEDWATER

CONTROL JALVE POSITION

Revision 35
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Table 9.3.1-3 (Page | of 3)

Unit | Valves Aligned to Blackout Air Supply
26| Blackout
Air Header

Numbe r Location Al ignment Valve Name
1CA36 AB B Aux FDWP No | Disch to Stm Gen 1D Control
1cAkD AB B Aux FDWP 1B Disch to Stm Gen 1D Control
1CALL AB B Aux FDWP 1B Disch to Stm Gen IC Control
1CALS8 AB B Aux FCWP No | Disch to Stm Gen IC Control
1CA52 AB A Aux FOWP No | Disch to Stm Gen !B Control
1CA56 AB A Aux FDOWP 1A Disch to Stm Gen 1B Control
1CA60 AB A Aux FDWP 1A disch to Stm Gen 1A Control
1CAGL AB A Aux FDWP No | Disch to Stm Gen 1A Control

201 1NC328 RB B Pressurizer No | Power Operated Safety Relief
INC34A RB A Pressurizer No | Power Operated Safety Relief
INC368B RB B Pressurizer No | Power Operated Safety Relief
INI23A AB A BIT Recirc Auto Isolation
I1N124B AB B BIT Recirc Auto Isclation
INILIA AB A Boron Inj Recirc Pumps Discharge Auto Block
INVIA RB A NC Letdown Iso! to Regenerative HX No |
INV2A RB A NC Letdown Isol to Regenerative HX No |
INVI3B RB B NV Supply to NC Loop | Isolation
INVI6A "B A NV Supply to NC Loop 4 Iselation
INV21A RB A NV Aux Spray Supply to Pressurizer Isolation
INV24L4B RB B NC Loop 3 Supply to Excess Letdown HX No | Isolation
INV258B RB B WNC Loop 3 Supply to Excess Letdown HX No 1 Isolation
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20

26

35

Number

1NV26
INVI24
INVI37A
1nV238
INV 241
INV267A
INVEST7A
INVLSBA
INVE59A
1RNGL2A
1RVALSA
1RNLSTB
1RN460B
1SmMl
15M3
15M5
1SM7
1svi
15v7
15V13
1SV19
IRV79A
IRVEOB
IRVIOIA
IRV102E

Location

RB
AB
AB
AB
AB
AB
RB
RB
RB
AB
AB

S ER2EE 3

DH
DH
DH
DH
AB
RB
RB
AB

dlackout
Air Header

Alignment

® >» @ » > o ® » > @ > @ ® ® > > > > P> > mw > > > W

Table 9.3.1-3 (Page 2 of 3)

Valve Name

Excess Letdown HX No | Tube Outlet Control

Low Pressure Letdown Control

NC Filters Outlet Three Way Control

Centrifugal Charging Pumps Disch Control

Regenerative HX No | Tube Inlet Control

Boric Acid to Boric Acid Blender Control

Letdown Orifice 1C Outlet Containment Isolation
Letdown Orifice 1B Outlet Containment Isolation
Letdown Orifice 1A Outlet Containment Isolation
Control Room Air Conditioning Condenser A Control No |
Control Room Air Conditioning Condenser A Control No 2
Control Room Air Conditioning Condenser B Control No 1
Control Room Air Conditioning Condenser B Control No 2
Main Steam 1D Isolation

Main Steam IC Isolation

Main Steam 1B Isolation

Main Steam lA Isolation

Main Steam 1D Power Operated Relief

Main Steam 1C Power Operated Relief

Main Steam 1B Power Operated Relief

Main Steam |A Power Operated Relief

Upper Cont. Vent. Unit Supply Cont. Isolation
Upper Cont. Vent Unit Supply Cont. lsolation
Upper Cont. Vent Unit Discharge Cont. lIsolation

Upper Cont. Vent Unit Discharge Cont. lIsolation

Revision
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Table 10.3.2-1

Main Steam Supply System

Main Steam Line Safety Valves

Number of main steam lines 5
Number of valves per main steam line 5
Total number of safety valves 20

Design Data For Valves in Each Main Steam Line

Set Pressure Flow
Valve No. (psig) (1b/hr)
1 1170 608,832
2 1190 616,511
3 1205 907,165
4 1220 918,325
5 1225 925,765

Total per line 3,976,698

Total capacity for four lines Ib/hr = 15,906,392
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Table 10.4,1-1

Main Condenser Performance And Data

Characteristics Shell A Shell B Shell C
Tota! heat load, Btu/hr 2.5589 x 109 2.5589 x 10° 2.5589 x 10°

Design 2bsolute pressure
in ¢candensing zone in.
Hg (with 60°F circulating
water tempercziire at inlet

to shells) 1.46 1.46 1.46

Maximum absolute pressure in
condensing zone in, Hg
(with 79°F circulating water
temperature at inlet to

she!ls) 2.40 2.40 2.40
Circulating water flow, GFi 319,867 319,867 319,867
Average veloc’ty in tube,

ft/'sac 70 7.0 7.0
Effective surface area,

ftl 245,370 245,370 245,370
Clean!iness factor, % 95 95 95
Tube outside diameter, in. 1.0 1.0 1.0
Tube B8WG 22 22 22

Tube overall length, ft 45,01 45,01

Numper of Tubes:
304 Sta’nless Steel 20,944 20,944

Condensate stored at normal
operating level, gal. 56,667 56,667




¢c. Level Instrumentation

OWMLT5000-Laundry and Hot Shower Tank Level-This instrument indicates liquid
level in the laundry and hot shower tank, both at the WPS panel and locally.
The instrument also provides high and low level alarms at the system panel
and interlocks the laundry and hot shower pump with the tank level, so that
the pump automatically shuts off when the level falls below a predetermined
| value. Then the floor drain tank pump is taking suction from the Laundry

4 and Hot Shower Tank, the floor drain tank pump will be automatically shut

off on low level.

OWMLTS5050-Floor Drain Tank Level=-This instrument indicates liquid level in
the floor drain tank, both at the syst. " panel and locally, the instrument
also provides high and low level alarms at the system panel, and interlocks
the floor drain tank pump with the tank level, so that the pump automatically
shuts off when the level falls below a predetermined value. The Laundry and
L Hot Shower Pump is automatically shut off on low level when it is aligned to
| the floor drain tank.

{ OWMLT5260-Mixing and Settling Tank Level=-This instrument is used to control
valve 1WMi72 on the pump discharge and to provide local indication. The
mixing and settling tank pump is shutoff automatically on low level.

OWMLT5090-Waste Monitor Tank A Level-OWMLT5100 Waste Monitor Tank B Level-

These instruments indicate liquid level in the waste monitor tanks, provide

high and low level alarms on the WPS Panel, and interlock the waste monitor

pumps with tank level, so that the pumps shut off automatically if the level

falls below a predetermined value. Level indicators are located on the WPS
35 | panel.

d. Flow Instrumentation
OWMFT5130, 1WMFT51L40-Waste Monitur Tank A Pump Flow, Waste Monitor Tank B
Pump Flow-These instruments indicate waste monitor pump flow on the system

panel.

OWMPG5250~-Wa:.te Flow to Mixing and Settling Tank-This instrument provides
local indication of waste flow to this tank.

Floor Drain Tank Subsystem

a. Pressure Instrumentation

| 30 | OWMPG5070 and OWMPG5350-Finor Drain Tank Filter Differential Pressure-These

| " instruments provide local indication of the differential pressure across the
floor tank filter, The AP across the filter at full flow may be used to determine
filter cleanliness.

OWMPG5060 Floor Drain Tank Pump Discharge Pressure-This instrument provides
local indication of the discharge pressure of the floor drain tank pump.

b. Temperature Instrumentation

L

| OWMTES5330 Floor Drain Tank Temperature-This instrument provides a computer
| alarm on high temperature.

11.2-15 Revision 35
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i | in Tank Sul S
a., Pressure Instrumentation

IWLPG5610, 1WLPG5630-Vent Unit Condensate Drain Tank Pump Discharge Pressure=
This instrumentation provides local indication of the discharge pressure of
the pumps.,

b. Level Instrumentation

IWLLTS5590-Vent Unit Condensate Drain Tank Level-~This instrument indicates
liquid leve! of the ventilation unit condensate drain tank in the control
~oom. The instrument interlocks the ventilation unit condensate drain tank
nump with the tank ievel, so that the pump automatically shuts off when the
level falls below a predetermined value.

11.2.4 QPERATING PROCEDURES

The Liquid Waste Recycle System and the Ligquid Waste Monitor and Disposal
System are operated manually except for some functions of the reactor coolant
drain tank subsystem and the mixing and settling tank operation., The system
includes adequate control equipment to protect the system components and
instrumentation and alarm functions to provide operator irformation to assure
proper system operatior

.20 Normal Operation

Operation of the system is essentially the same during all phases of normal
reactor operation; the only differences are in the load on the system, The
followina sections discuss the operation of the system in performing its
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Radiation detectors are located in the waste effluent paths and provide
back-up to laboratory analysis for the control of releases by supplying
interlocks to automatically terminate releases at predetermined
radioactivity concentrations.

The parameter measured (gross gamma, gross beta, or specific isotope) and
the type of sensor selected for each loccation are chosen to provide
information to the operator censistent with the radioactive isotope or
combination of isotopes that are most indicative of the status of the
unit, or that are expected to be potentially limiting. Other factors
which influence the detector type and the parameter measured include
response time, required sensitivity, background, and the availability of
equipment to measure the minute radioactive concentrations consistent
with regulatory limits. Dilution factors and/or integrated sampling are
required to approach these sensitivities, particularly for airborne
particulate, iodine, and liquid effluents.

The overall range of the process radiation monitoring instrumentation
encompasses the full range of radioactive concentrations expected
including postulated loss of coolant accident concentrations. For some
applications, the magnitude of these ranges require dual instrumentatior
with widely different sensitivity characteristics. Where more than one
sensor is necessary to insure coverage of the full range, overlap of
ranges is provided.

An analog display which indicates the activity being sensed is provided
in the Control Room for each monitoring channel. Analog outputs from all
monitoring channels are also recorded on multipoint recorders located in
the Control Room.

Control Room alarms are incorporated for annunciating high radioactivity
from all monitoring channels, for annunciating loss of sample flow to
detectors where off stream monitoring is incorporated, and for annunciating
failed or abnormal monitor operation such as torn or depleted filter paper
on airborne particulate monitors. The signal conditioning and readout
package for each monitor channel includes a high level contact output, the
setpoint for which is adjustable over the full range of the instrument.
Basis for setpoints of each monitoring channel are includad with the
description of that channel.

In addition to providing high alarm information, interlocks are prc

from monitor: sensing radioactivity in the unit vents, waste gas effluent
waste liouid effluent, steam generator blowdown and recycle, steam
generator sampling, component cooling water, and Control Room ventilation.
The interlocks are obtained in the same manner as the alarms with identical
setpoint capability.

11.4,2.1) Liquid Monitoring

Table 11.4.2-1, liquid process radiation m- ., oring equipment, is a summary
of continuous monitoring equipment. These moni.~rs provide indication of
radiocactive concentrations within closed piping systems and provide an
alarm for high concentrations in these systems. The systems monitored
include those which are expected to be contaminated with radioactive
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fission or corrosion products and those systems which would become

contaminated due to component faiiure such as steam generator or heat -
exchanger tube leaks. A description of each monitor is provided on a per )
unit basis. The total number of monitors for the station is indicated on

the referenced table.

11.56.2.1.) Reactor Coolant Monitor

A process radiation monitor sampler assembly consisting of a lead shielded
sodium iodide (NaI) scintillation crystal, a photomultiplier tube, a pre~
amplifier, and an electrically positioned check source is designed to
continuously sense gross gamma in a sample of reactor coolant. Signal
conditioning, counting, indicating, recording, and alarming equipment are
located in the Control Room, The sampler assembly is located in an
accessable area of the Auxiliary Building. To permit decay of activity

not indicative of fuel clad integrity, primarily N6, a delay of approximately
one minute is incorporated in the sample transport from the reactor to the
detector. The range of the instrument is approximately 1 X 102 Ci/ml to
] X 103 Ci/ml. This range is compatible with the calculated activities of
5 X 1072 Ci/ml for corrosion products and 125 Li/ml for one percent fuel
defects.

Abnormal conditions of high activity or loss of sample flow are alarmed
in the Control Room. The setpoint for high activity is adjustable over
the full range of the instrument. Within limits of coolant activity
established in the Technical Specifications, the high activity setpoint
is adjusted to alarm a significant change in reactor coolant activity.
Depending upon the magnitude of the change, the operator can verify the
change by laboratory analysis and/or reduce reactor power, The loss of
sample flow alarm initiates operator action to determine the cause for
the loss and to re-establish the reactor coolant sample flow to the
detector.

11.4,2.1.2 Conventional Waste Water Treatment System Monitor

The conventional waste water treatment system monitor continuously monitors
the liquids discharged from the turbine building for activity prior to being
treated in the conventional waste water treatment system, In the absence

of a primary to secondary leak, the activity of liquids discharged from the
turbine building is essentially background level and is verified by grab
sampling routines, For a known primary to secondary leak, all contaminated
materials are treated by other systems designed for this purpose. This
monitor will essentially be reading background level at all times and is
provided to give additional assurance of proper waste management by alarming
any detectable contamination. Q010.6

The monitor consists of an off line sample changer surrounded by 7=inches

of 4 » lead shielding with a 2" x 2" Nal scintillation crystal and photo-
multiplier tube. This arrangement provides high sensivity to gamma radiation
with minimal interference from backgroun? ?ources. Concentrations of

I X 10~6.Ci/ml are detectable based on I 3 . Indications provided in the g
Control Room consists of six decade readout, annunciation on loss of sample |
flow or high activity level, and a recorded activity level. The receipt of

a high activity alarm will alert the operator to an abnormal condition.
Evaluation of the source of the activity is then made to determine whether
additional processing will be necessary.

c
7
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acacemic or related technical training on a one-for-one, time basis. The
Operating Engineer shall hold a Senior Reactor Operator license.

(f) Performance Engineer

The Performance Engineer shall have a minimum of a Bachelor's degree in
engineering or the physical sciences and two years of responsible nuclear
power plant experience. The Performance Engineer or the Reactor Engineer
shall have two years of experience in such areas as reactor physics, core
measurements, core heat transfer, and core physics testing programs.

The Chemist shall have @ minimum of five years of experience in chemistry, of
which @ minimum of one year shall be in radiochemistry. A minimum of two
years of this five years of experience should be fulfilled by academic or
related technical training. A maximum of four years of this five years of
experience may be fulfillied by academic or related technical training.

(h) Health Physics Supervisor

The Health Physics Supervisor shall have a minimum of five years of experience
in radiation protection at a nuclear facility. A minimum of two years of this
five years of experience should be related technical training. A maximum of
four years of this five years of experience may be fulfilled by academic or
related technical training.

(i) Maintenance Engineer

A Maintenance Engineer shall have a high school diploma, or equivalent, and
a minimum of four years of experience in maintenance activities. A maximum
of three years of this four years of experience may be fulfilled by academic
or related technical training.

(j) Instrument and Control Enginear

The Instrument and Control Engineer shall have a2 minimum of five years of
experience in instrumentation and control! of which @ minimum of six mont's
shall be in nuclear instrumentation and control. A minimum of two years of
this five vears of experience should be fulfilled by academic or related
technical training. A maximum of four years cf this five vears of experience
may be fulfilled by academic or related technical training.

(k) Shift Supervisor

A Shift Supervisor shall have the same qualifications as the Operating
Engineer.

(1) Assistant Shift Superviscr

An Assistant Shift Supervisor shall have the same qualifications as a Shift
Supervisor.
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(m) Operators

Operators to be licensed by the NRC shall have a high school diplema, or
equivalent, and two years of nuclear or fossil station experience, of which
a minimum of one year shall be nuclear station experience. In order to be
acceptable for full responsibility in a job, they shall hold an NRC Reactor
Operator license.

Operators, whether or not they are to te licensed by the NRC, should have a
high schoo! diploma, or equivalent, and should possess a high degree of
manua! dexterity and mature judgment.

(n) Technicians

Technicians in responsible positions shall have a minimum of two years of
experierce in their specialty. Thesa personnel should have a minimum of

one year of related technical training in addition to their experience.

(o) Maintenance Personnel

Maintenance personnel in responsible pesitions shall have a minimum of three
years of experience in one or more crafts. They should possess a high degree
of manual dexterity and ability, and should be capable of learning and
applying basic skills in maintenance operations.

¥3.7:3:2 Qualifications of Stution Personnel

Mr. Maurice D. Mcintosh, s-.ation Manager, held positions as Engineering
Trainee, Junior Engineer, and Assistant Plant Engineer at a fossil-fired
steam station after joining Duke in 1963. He was named Operating Engineer
of Oconee Nuclear Station in 1968 following completion of one year of
graduate study in Nuclear Engineering at North Carolina State University.

He and other Oconee supervisors conducted classes for the ""cold license'
trainees for the six-month period immediately prior to six months work
experience at an operating reactor. After reporting to the Oconee site in
1969, Mr. Mcintosh was intimately involved in the startup and operation of the
Oconee Nuclear Station until being named Acting Superintenceat of McGuire
Nuclear Station in 1973. In 1974 he was named station Manager for McGuire
Nuclear Station. He received a BSME from N. C. State in 1962 and a Profes~
sional Degree in Nuclear Engineering from N. C. State in 1968, Mr. *cintosh

-

held a Senior Reactor Operator license on Occnee Units | and 2.

Mr. George W. Cage, Operating Superintendent, joined Duke in 1967 following
five years of experience in the U. S. Navy and six years of experience at the
CVTR. In the U. S. Navy, as a First Class Petty Officer anc qualified reactor
operator, he directed men in startups, checkout and maintenance of reactor
plant controls and instrumentation. His experience at CVTR includes almost
two years as a reactor technician and over four years as a Shift Supervisor.
He held one of the first "‘hot licenses'' and later & Senior Operator License

at the CVTR. Prior to being named Operating Engineer in 1273, i'r. Cage was
Assistant Operating Engineer ard Training Shift Supervisor at the Oconee
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Table 14.1.1-1

Precperational and Startup Test Schedule

Unit 1
Begin Preoperational Testing Aug 1, 1976
Begin Hot Functional Testing Nov 1, 1978
Initial Fuel Loading Jan 1, 1979
Moveable Incore Detector Functional Test
Incore Thermocouple Functional Test
Incore Thermocouple and RTD Cross-Calibration
Rod Position Indication Alignment
Rod Cluster Control Assembly Drop Time Test
Rod Control System Alignment Test
Full-Length Rod Drive Mechanism Timing Test
Reactor Coolant System Flow Test
Reactor Coolant System Flow Coastdown Test
RTD Bypass Flow Verification
Reactor Protection System Trip Circuits Test
Initial Criticality Feb 1, 1979
Begin Low Power Testing Feb 1, 1979
Begin Power Ascension Testing Feb 7, 1978
Commercial Operation Jul 1, 1979

Unit 2
May 1, 1978
Jul 1, 1980
Sep 1, 1980
Oct 1, 1980
Oct 1, 1980
Oct 7, 1980
Mar 1, 1981
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Table 14.1.3-1 (Page 1)

Testing Prior to Initial Fuel Loading

CONTENTS

Test

COMPONENT COOLING WATER SYSTEM FUNCTIONAL TEST

EMERGENCY DIESEL GENERATOR FUNCTIONAL TEST

125 VDC VITAL INSTRUMENTATION AND CONTROL POWER TEST

DIESEL GENERATOR FUEL OIL SYSTEM FUNCTIONAL TEST

RADIATION MONITORING SYSTEM FUNCTIONAL TEST

NUCLEAR INSTRUMENTATI'N SYSTEM FUNCTIONAL TEST

REACTOR PROTECTION SYSTEM FUNCTIONAL TEST

ENGINEERED SAFETY FEATURES ACTUATION SYSTEM FUNCTIONAL TEST

ROD CONTROL SYSTEM FUNCTIONAL TEST

RESIDUAL HEAT REMOVAL SYSTEM FUNCTIONAL TEST

SAFETY INJECTION SYSTEM FUNCTIONAL TEST

UPPER HEAD INJECTION FUNCTIONAL TEST

CONTAINMENT SPRAY SYSTEM FUNCTIONAL TEST

CHEMICAL AND VOLUME CONTROL SYSTEM FUNCTIONAL TEST

CONTAINMENT INITIAL INTEGRATED LEAK RATE TEST AND STRUCTURAL
INTEGRITY TEST

CONTAINMENT ISOLATION FUNCTIONAL TEST

NUCLEAR SERVICE WATER SYSTEM FUNCTIONAL TEST

PRESSURIZER FUNCTIONAL TEST

PRESSURIZER RELIEF TANK FUNCTIONAL TEST

REACTOR COOLANT SYSTEM HEATUP FUNCTIONAL TEST

REACTOR COOLANT SYSTEM HOT FUNCTIONAL TEST

REACTOR COOLANT SYSTEM COOLDCWN FUNCTIUNAL TEST

REACTOR COOLANT SYSTEM THERMAL EXPANSION AND RESTRAINT TEST

AUXILIARY FEEDWATER SYSTEM FUNCTIONAL TEST

CONTROL ROOM AIR CONDITIONING AND VENTILATION SYSTEM FUNCTIONAL
TEST

CONTAINMENT PURGE AND VENTILATICN SYSTEM FUNCTIONAL TEST

LOSS OF INSTRUMENT AIR TEST

CONTAINMENT AIR RETURN AND HYDROGEN SKIMMER SYSTEM FUNCTIONAL

TEST
ICE CONDENSER SYSTEM FUNCTIONAL TEST
CONTAINMENT DIVIDER BARRIER LEAKAGE AREA VERIFICATION TEST

WOV W

10
1
12
14
15
16

17
18
19
20
21
22
23
24
25
26

27
28
29

3C

31
32
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PrESSURIZER FUNCTIONAL TEST
Abstract

Purgose

To establish the continuous spray flow rate and to determine the effective-
ness of the pressurizer normal control spray and of the pressurizer heaters.

Prerequisites

The Reactor Coolant System is in a hot condition. The Reactor Coolant System
is lined up for normal operation in accordance with applicable nperating
procedures. All reactor coolant pumps are operating. Each bank of pressurizer
heaters is operable.

Test Method

while maintaining pressurizer level constant, spray bypass valves are ad-
justed until a minimum flow is achieved which maintains less than a 200°F
temperature difference between the spray line and the Reactor Coolant System,
and pressurizer heater cycling is minimized.

To determine pressurizer heater and spray capability, all pressurizer spray
valves are closed. All pressurizer heaters are then energized and the time
to reach a 2300 psig system pressure is measured and recorded. Continuous
(bypass) spray valves are then returned to their previously determined
setting and full spray is initiated through each spray valve individually
and in parallel. Pressure versus time is recorded for each transient. The
transient is terminated at a Reactor Coolant System pressure of 2000 psig
by shutting the spray valves.

Acceptance Criteria

For setting of continuous spray fiow, the flow through each bypass valve is
such that the temperature difference betwien the spray line and the Reactor
Coolant System is less than 200°F.

For spray an¢ heater response tests, the response to induced transients is
within the band assumed in the FSAR Safety Analysis.
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Table 14.1.3-1 (Page 21)

PRESSURIZER RELIEF TANK FUNCTIONAL TEST
Abstract

Pur&se

Tc demonstrate the functional performance of the pressurizer rellef tank and
associated equipment.

Prerequisites

This test is performed after the hydrostatic leak test of the Reactor Coolant
System and prior to the start of the initial unit heatup. Support systems and
components supplied by the pressurizer relief tank mus: be available to the
extent necessary to demonstrate pressurizer relief tank performance. The
pressurizer relief tank is ready for service and empty. Associated instru-
mentation and control eguipment checkout has been completed.

Test Method
The prassurizer relief tank is isolated, filled and pressurized. Data are
recorded during level and pressure increases. Associated instrumentation

and control eguipment setpcints are verified and/or adjusted as necessary.
The tank is drained and backfilled using nitrogen as a cover gas.

‘cceptance Criteria

The level and pressure alarms and cover gas system operate at the setpoints
gesignated in the test documents. The pressurizer relief tank spray flow is
verified to meet desiyn requirements. Automatic pressure regulating valves
and valve interlocks are verified to function pronerly.
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Table 14.1.4-1 (Page | of 35)

Initial Startup Testing

CONTENTS

Test

INITIAL FUEL LOADING

MOVEABLE INCORE DETECTOR FUNCTIONAL TEST
INCORE THERMOCOUPLE FUNCTIONAL TEST

INCORE THERMOCOUPLE AND RTD CROSS-CALIBRATION
ROD POSITION INDICATION ALIGNMENT

ROD CLUSTER CONTROL ASSEMBLY DROP TIME TEST
ROD CONTROL SYSTEM ALIGNMENT TEST

FULL-LENGTH ROD DRIVE MECHANISM TIMING TEST
REACTOR COOLANT SYSTEM FLOW TEST

REACTOR COOLANT SYSTEM FLOW COASTDOWN TEST

RTD BYPASS FLOW VERIFICATION

REACTOR PROTECTION SYSTEM TRIP CIRCUITS TEST
INITIAL CRITICALITY

ZERO POWER PHYSICS TEST

RO CONTROL SYSTEM AT-POWER TEST

PRESSURIZER PRESSURE AND LEVEL CONTROL SYSTEM TEST
CORE POWER DISTRIBUTION TEST

UMIT LOAD STEADY STATE TEST

RADIATION SHIELDING SURVEY

NUCLEAR INSTRUMENTATION INITIAL CALIBRATION
EFFLUENT RADIATION MONITOR TEST

POWER COEFFICIENT AND POWER DEFECT MEASUREMENT
INCORE AND NUCLEAR INSTRUMENTATION SYSTEMS DETECTOR CORRELATION
BELOW-BANK ROD TEST

PSEUDO POD EJECTION TEST

UNIT LOAD TRANSIENT TEST

DYNAMIC ROD DROP TEST

UNIT LOSS OF ELECTRICAL LOAD TEST
TURBINE TRIP

1 LOSS OF OFFSITE FOWER TEST

| SHUTDOWN FROM OUTSIDE CONTRCL ROCM TEST

WO 00~ O B
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Table 14.1.4-1 (Page 2 of 35)
INITIAL FUEL LOADING
Abstract
Purpose
To accomplish initial fuel loading in a safe and orderly manner.

Prerequisites

Testing prior to initial fuel loading is completed sufficiently to demonstrate
the operability of required systems and components. Temporary and permanent
source range channels are operable. At least one path for boron addition to
Reactor Coolant System is available. Uniform boron concentration in the
Reactor Coolant System is maintained by rec.rculation with at least one Resi-
dual Heat Removal Pump and is sufficient to assure K <0,95 during fuel

loading. Containment intergrity is established in agggrahnce with station
operating license.

Jest Nethod

Fuel and, where appropriate, fuel inserts are inserted into the reactor
vessel in accordance with the prespecified loading sequence. Neutron count
rate is monitored on temporary and permanent source range detectors. Ccre
reactivity is monitored through plots of inverse neutron count rate ratio.

Acceptance Criteria

The core is assembled in accordance with the prespecified configuration.
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Table 14.1.4~1 (Page 29 of 35)

UNIT LCAD TRANSIENT TEST
Abstract

Purpose

To demonstrate satisfactory unit response to a 10 percent load change.

Prerequisites

The various control systems have been tested and are in automatic. All
pressurizer and main steam relief and safety valves are operable. The control
rods are in the maneuvering band for the power level existing at the commence=~
ment of the test. Unit conditions are stabilized and all pertinent parameters
to be measured are connected to high speed recorders.

Test Method

Output is manually reduced at a rate sufficient to simulate a step load change
equivalent to approximately a 10 percent loac decrease. After stabilization
of all systems, output is manually increased at a rate sufficient to simulate
a step load change equivalent to approximately a 10 percent load increase.
Pertinent parameters affected by a load change are measured and recorded. At
various power levels, as required by the test procedure, the test is repeated.

Acceptance Criteria

Neither the turbine nor the reactor trips, and no initiation of safety injection
is experienced. No pressurizer or main steam relief or safety valves 1ift, No
operator action is required to restore conditions to steady state. Parameters
affected by the load change do not incur sustained or divergent oscillations.

lﬂ

Fevision 10



e ,
\ % | .

B e A g Al D T It e Ml mu— e e S e B T B I e B i s T B T S o - S e e B ——— e B A B Bl e S o e B m I.IIII‘|4

Revision 35

Table 14.1.4%-1 (Page 30 of 3%5)




generator [ A S ) hot standby




Table 14.1.4-2

Power Ascension Test Program

10 | Test 08 0%+ 303 503 753 90%
Zero Power Physics Test X

Rod Control Cluster at Power
Test X

Pressurizer Pressure & Level
Control System Test X

24 | Radiation Shielding Survey

|
|>
| >
| >

Nuclear Instrumentation Initial
Calibraticn

| >
| >
1<
>

Unit Load Transient Test X X

Effluent Radiation Monitor
Test X

Power Coefficient & Power
Defect Measurement

| >
|><
|>=

Below Bank Rod Test o

Pseudo Rod Ejection Test

|>=

Incore & Nuclear Instrumentation
Systems Detector Correlation

| >

Unit Load Steady State X X X X X

Unit Loss of Electrical Load
Test X

Turbine Trip Test
Cynamic Rod Drop Test X

Core Power Distribution

| =<
| =
| =
| =<
| =<

Loss of Offsite Power Test X

Shutdown from Outside Controi
10 Room Test X

‘Generator Load

- Indicates test to be performed

- Indicates test the successful completion of which is a pre-requisite fur
increasing power to the next testing plateau. Otherwise, a safety analysis

will be performed for any discrepancies prior to the power increase.

'xx
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For reactivity insertion rates between ~ 2.5 x lo-h §K/sec and

b x 1072 cK/sec the effectiveness of the Overtemperature AT trip
increases (in terms of increased minimum DNB ratio) due to the
fact that with lower insertion rates the power ircrease rate is
slower, the rate of rise of average coolant temperature is slower
and the lead-lag compensation provided can increasingly account
for the coolant system thermal capacity lag.

L, For reactivity insertion rates less than ~ 4§ x IO'5 éK/sec, the
rise in reactor coolant temperature is sufficiently high so that
the steam aenerator safety valve setpoint is reached prior to trip.
Opening cf these valves, which act as an additional heat load on
the RCS, sharply decreases the rate of rise of Reactor Coolant
System average temperature. This decrease in rate of rise of the
average coolant system temperature during the transient is accentu-
ated by the lead-lag compensation causing the Overtemperature AT
trip setpoint to be reached later with resulting lower minimum
DNB ratios.

For transients initiated from higher power levels (for example, See
Figure 15.2.2-5) this effect, described in 4. above, which results in
the sharp peak in minimum DNB ratio at ~ 4 x 1072 &K/sec, does not occur

since the steam generator safety valves are never actuated prior to
trip.

Figures 15.2.2-5, 15.2.2-6 and 15.2.2-7 illustrate minimum DNBR calculated

for minimum and maximum reactivity feedback.

15.2.2.3 Conclusions

The high neutron flux and overtemperature AT trip channels provide ade-
quate protection over the entire range of possible reactivity insertion
rates, i.e., the minimum value of DNBR is always larger than 1.30.

1522 ROD CLUSTER CONTROL ASSEMBLY MISALIGNMENT

e T Ildentificaticn of Causes and Accident Description

Rod cluster control assembly misal ignment accidents include:

A dropped full-lencth assembly;
A dropped fulli-length assembly bank:
Statically misaligned full length assembly (See Table 15.2.3-1).

AT S

Each rod cluster contro! assembly has a pcsition indicator channel which
displays position of the assembly. The displays of assemtly positions

15.2-9 Revision 35




are grouped for the operator's convenience. Tully inserted assemblies
are further indicated by a rod bottom light. Group demand position is
also indicated. The full length assemblies are always moved in pre-
selected banks and the banks are always moved in the same preselected
sequence.

A dropped assembly or assembly banks are detected by:

¥ Sudden drop in the core power level is seen by the Nuclear
Instrumentation System;

s Asymmetric power distribution as seen on cut of core neutron
detectors or core exit thermocoupies; '

3. Rod bottom light(s);

4. Rod deviation alarm;

Sa Rod position indication.
Misaligned assemblies are detented by;

Vs Asymmetric power distribution as seen on out of core neutron
detectors or core exit thermocouples:

- Rod deviation alarm;
3. Red position indicators.

The resolution of the rod position indicator channel is +5 percent of

span (+7.2 inches). Deviation of any assembly from its group by twice
this distance (10 percent of span, or 14.4 inches) will not cause power
distributions worse than the design limits. The deviation alarm alerts
the operator to rod deviatior with respect to group demand position in
excess of 10 percent os span. |f the rocd deviation alarm is not operable,
the operator is required to take action as recuired by the Technical
Specifications.

If one or more ro¢ position indicator channels should be out of service,
detailed operating instructions shall be followed to assure the alignment
of the non-indicated assemblies. These operating instructions reguire
selected pairs of core exit thermocouples to be monitored in a prescribed
time seguence ancd following significant motion of the non-indicated as-
semblies. The operating instructions also call for the use of moveatle
in-core neutron detectors to confirm core exit thermocouple indication

of assembly misa'ignment.

15.2:.3.2 Analysis of Effects and Consequences

Method of Analysis

Steadv,sfate power distributions are analyzed for this event usirg the
TURTLELS] code. The peaking factors calculatec by TURTLE are then used

15.2-10 Pevision 7
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NRC position transmitted by letter of July 14, 1977 from Karl Kniel,
Chief, Light Water Reactors Branch No. 2, Division of Project Management

Class |E Equipment Qualification (Outside Containment)

With regard to all Class IE equipment loca*2d outside the containment
building, we require assurance that the environment is maintained within
the temperature range for which the equipment is qualified to operate.
In those locations where the temperature could exceed that for which

the Class IE equipment is qualified, the Staff requires that the appli=-
cant provide a temperature monitoring system. The system should at a
minimum meet the following requirements:

a. The controi room should receive an alarm when the temperature range
has b~en exceeded. This alarm should be provided by instrumentation
which

1. is of high quality

2. is checked to verify its functional capability by plant technical
specification requirements, and

3. is powered from a continuous power source or is redundant with
separate channels and power sources.

b. The operator should have a method of maintaining a continuous record
of the temperature during the time that the temperature range is
exceeded.

Based on the monitoring system the applicant shall report the occurrence
of the temperature exceeding the equipment qualification range as an ab-
normal occurrence to the NRC. In addition to this, the applicant shall
provide results of an analysis to demonstrate that the excess temperature
has not degraded the involved Class IE equipment below an acceptable level
for continued plant operation.

Resgonse:

For plant areas containing Class lE equipment where the area temperature
could be postulated to exceed the design temperature of the equipment in
that area, a temperature monitoring system wili be provided. This tempera-
ture monitoring system will provide an alarm in the Control Room when the
temperature in the monitored area exceeds a preset value. Upon receipt

of a high temperature alarm, the temperature in the alarmed area will be
recorded periodically, either manually or automatically during the time
that the area temperature is above the alarm setpoint.

This system will be comprised of high quality components and will have
provisions for verifying its functional capability. The temperature
monitoring system will be powered from a continuous power source (i.e.,
the battery-backed plant auxiliary control power system described in
Section 8.3.2.1.3).

§2-1 Revision 27
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Table $2-1 is a listing of Class IE equipment located in areas outside
the containment where the area temperature could be postulated to exceed
the equipment design temperature. These areas which will be monitored
were identified based on the fallowing criteria:

|. Those areas served by redundant safety-related ventilation systems,
assume the loss of one train of powered ventilation.

2. Those areas served by a single, tra:n-related safety-related ventila-
tion system, assume a complete loss of the powered ventilation train.

3. Those areas served by a non safety-related ventilation system, assume
a total loss of powered ventilation.

4L, For 1, 2, and 3 (above), the design climatic conditions for the site
were obtained from ASHRAE, Handbook of Fundamentals, 1972 Edition,
Table of Climatic Condicions for the United States and Canada
(Charlotte, North Carolina).

In the event that the temperature in a monitored area exceeds the design
temperature of the Class 1E equipment in that area, a report will be filed
with the NRC. This report will contain an analysis of the effects of the
excess temperature on the Class 1E equipment in the alarmed area.

This temperature monitoring system for the plant areas identified in
Table $2-1 is scheduled to be installed four months after Unit 1 fuel
loading.

§2-2 Revision 15




For

NRC REQUEST FOR INFORMATION TRANSMITTED
BY LETTER OF NOVEMBER 6, 1978 FROM ROBERT L. BAER,
CHIEF, LIGHT WATER REACTORS BRANCH NUMBER 2
DIVISION OF PROJECT MANAGEMENT

Provide an evaluation of the exfiltration that can occur from the fuel
storage building under fuel handiing accident conditions. Your evalua-

tion should include a calculation of the expected flow of air through the
paneled areas of each side of the building, and the resulting negative
pressure, as a function of wind speed. Determine the wind speed at which

air will begin to flow out of the building, and the flow rate as a function
of wind speed. The degree of mixing assumed in the building should be
justified. If complete mixing in the fuel building is assumed, this exfiltra-
tion flow will contain activity at the same concentration as the air which
reaches the filters in the exhaust system. This fact cen then be used to
apportion the fractions of filtered and unfiltered release which is occurring
at each wind speed. The atmospheric dispersion factor may be considered
inversely proportional to the wind speed, starting from the value used in the
base case analysis, which is usually 1 m/sec.

In order that we may evaluate your analysis, and perform independent analyses
as necessary, provide the following information:

- Information and considerations for evaluating fuel handling accidents
outside containment.

- Area of panel siding on each of four faces of building exposed to
winds.

- Area of panel siding not exposed to winds (connected to other buildings).

- The pressures that can be expected in connected buildings.

- Size and locations of doors and major penetrations.

- Flow rate of exhaust air passing through the area occupied by the fuel
pool.

- Differences between total supply air and total exhaust air flow for
fuel building.

- Readable drawing showing the location and layout of the building
ventilation system and important building features.

- Leakage test data as follows:

@ Wind speed and direction with respect to building
during tests.

® Negative pressure measured in building for two different
supply air flows.

e Locations of pressure reference points, instrument type
and accuracy.

a spectrum of wind speeds (1 to 10 m/sec) having velocity pressure Pv:

- Positive fraction of velocity pressure assumed for windward paneled
areas.
- Negative fraction of velocity pressure assumed for leeward paneled
areas.
- Negative fraction of velocity pressure assumed for paneled areas
parallel to winds.
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- Area assumed to have higher negative pressures to allow for unusual
wind pressure patterns, and the pressure assumed.

Pesponse:

An analysis of the effects of leakage from the fuel storage building for
a postulated fuel handling accident was performed. The results of this
analysis are shown below for three different wind speeds.

) R
WIND SPEED S v
(meters/sec) WHOLE BODY THYROID
1 4.0 52
5 4.0 10.4
10 4.0 6.75

From this analysis it is apparent that the improved atmosphere dispersion

more than compensates for the increased building leakage at higher wind

speeds. Figure | shows the calculated building leakage as a function of

wind speed. Complete mixing wac assumed in the building for calcu’ational
purposes. This is a conservative assumption since most of the activity would
remain in the vicinity of the fuel pool and would be filtered prior to release.

Other information:

1. Area of panel siding on each of four faces exposed to winds --
N ~th - 3480 ft2
South - 0
East - 2175 ft?
West - 2667 ftZ (Prevailing wind direction)

2. Area of panel siding not exposed to winds (connected to other buildings) ==
None

3. Pressures that can be expected in connected buildings --
Slightly negative (assumed 0 psig in analysis)

L, Size and locations of doors and major penetrations ==
Roll=up door on north face of building - 18.5' x 21’

5. Flow rate of exhaust air passing through the area occupied by the fuel
pool ==
35,675 cfm

6. Difference between total supply air and total exhaust air flow for fuel
building -~
5540 cfm
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