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SYSTEM OPERATION

The Resctor Recirculation System ensures adequate core
cooling during power operations by supplying coolant flow
past the resctor fuel bundles. This flow is provided by
recirculating that portion of the core flow which is not
boiled while passing through the core. The flow rate can be
varied as one means of controlling reactor power.

The system consists of two (2) loops external to the Reactor
Pressure Vessel (RPV). Each external loop contains one
varisble speed motor-driven recirculation pump, two motor
operated gate valves, and a motor generator set tc¢ contrel the
recirculeation pump speed. Suction is from _Lhe reactor vessel
annulus and discharge is to the reactor vessel jet pumps.

The Reactor Recirculation System has seven (7) wodes of
operation: Normal, LPCI! Injection, Recirculation fusp Trips,
Reactor Water Sample, RPV Bottom Drain, Recirculsation Pusp Seal
Purge, and Shutdown Cooling Muode.

The function of each mode (and therefore the comjonents of
each subsystem) are safety related or non-safet: related as
indicated in Table 1, and further described in Section II.

The general safety design criteria which are applicable to
components in one or more modes are indicated in Section V,
and further discussed in Section II. Electrical design

considerations are covered under the support systems listed in
Section I1II.
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11. DESCRIPTION OF OFERATIONAL MODES
FR Normal Operation Mode

During normal operation, the reactor recirculation

system ensures adequate core cooling and reactivity
control by maintrining forced circulation of water past
the fuel bundles. The recirculated coolant consists of
saturated water from the steam separators and dryers that
has been subcooled by incoming feedwater. This water
passes down the annulus between the RPV wall and the core
shroud. A portion of the coolant flows from the RFV
through the two external recirculation '~-ps t., become the
driving flow for the Jjet pumps.

The recirculation flow rate is controlled by varying the
output frequency of the associated motor generators, thus
varying the speed of the associated recirculation pump.

Reactor power can be partially controaled by varying

the recirculation flow rate without requiring control

rod movement. This power change is accomplished by
utilizing the lerge negative power coefficient found in
the BWR design. The void coefficient present in the
reactor core is a function of the recirculation flow rate.
An increase in core flow sweeps some of the voids from the
moderator and ceuses an increase in reactivity. A
decrease in core flow results in the formation of more
voids which decreases core reactivity. In the event of a
power failure to the  ecirculation pumps the system has
enough inertia to ensure that adegquate circulation can be

maintained to prevent damage to the fuel assemblies in the
RPV core.

The Reactor Recirculation System is also designed to
prov ue automatic load followiug capability over the
range of approximately 70 to 100N rated power.

If feedwater flow is below 20 percent, the
recirculation pump speed is sutomatically limited,
Therefore, automatic protection against recirculation
pump cavitation due to NPSH loss is provided by the 20
percent feedwater flow limiter.

The recirculation flow is monitored by sensing elements

on each loop. This flow rate is transmitted to the
Neutron Monitoring System (C51) so that the neutron
flux/recirculation flow relationship can be calculated. If
this calculated relationship deviates from the normal
operational value as determined through analysis, the
Neutron Monitoring System will initiate a SCRAM signal.

REV 0
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I1. DESCRIPTION OF OPERATIONAL MOVES

A.

Normal Operation Mode

The Normal Operational Mode is safety related with the
following safety functions:

o Reactor Coolant Pressure Boundary (RCPB)
Integrity

An example of a safety design basis event is the startup
of an idle recirculation pump.

LPCI Injection Mode

During this mode, portions of the Reactor Recirculation
System piping are included in the LPC' flow paths.

Upon the receipt of a LPCI injection signal (High Drywell
Pressure/Reactor Low Level 1), the reactor recirculation
pumps are tripped (Reactor Low Level 2) and the discharge
isolation valves (B31-FO31A,B) close to aveid LPCI flow
out of a possible break in a recirculation line and to
assure that LPCI flow is directed through the jet pumps.

The LPCI Injection Mode is safety related with the
following safety functions:

o Reactor Core Cooling Geometry

o Reactor Coolant Pressure Boundary (RCPB)
Integrity

0 Reactor Coolant Inventory

o High Energy Line Break Mitigation

An example of a safety design basis event is a Loss of
Coolant Accident (LOCA).

Recirculation Pump and/or Motor Generator Trips Mode

The main recirculation pumps and motor generators have
various trips associated with them, some of which have
safety significance. The recirculation pusp is designed
to have sufficient ipertias so that it gradually coasts
down after a trip, thus smoothing any flow transients
caused by cutting off recirculation flow.

Safety related trips occur with the following events:

Reactor Low Water Level (lLevel 2)
Reactor High Pressure Trip

Turbine Stop Valve Closure - (1f the .eactor
Turbine Control Valve Fast Cleosure -~ power is > 30%
of gntod)

REV 0
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I1. DESCRIPTION OF CPERATIONAL MODES

e, The safety related trips serve to reduce reactor power
in case of a reactor scram failure by increasing the void
coefficient in the moderator (water).

8

Non-safety related trips of the recirculation pusps
and/or motor generators serve to protect the equipment,
These trips are listed on the Reactor Recirculation
System Logic Diagrums.

The Recirculation Pump or Motor Genersator Trips mode is
safety related with the following safety functions:

) Reactivity Contrel
) Reactor Coolant Pressure Boundary Integrity

An example of & safety design basis event is tripping
two recirculation pumps.

D. Reactor Water Sample Mode

A connection off of the rrcitculation piping is
provided for use in the event that the Reactor Water
Cleanup System is out of swrvice. The sample line is
connected into an active portion of the recirculation
system ‘o ensure that a representative sample of
reactor water is obtained., The sample line valves
autosatically close on receipt of a containment
isolaticn signal.

The Reactor Water Sample Mode is safety related with
the following safety functions:

o Ree-tor Coolant Pressure Boundary Integrity
o Containment Isolation

An example of a safety design basiv event is a Loss of
Coolant Accident,

E. Keactor Vessel Bottom Drain Mode

A drain line is connected to the bottom head of the
reactor vessel to permit flushing the bottom of the
reactor to the radwaste system during plant shutdown.

This drair 1s also piped to the main suction line of the
reactor water cleanup system. The valve in this line is
normally open to permit flow to pass from the bottom of
the reactor vessel to the cleanup system contipuously
during reactor operation., This is done to keep the drain
line flushed out and to provide temperature readout of the

coolant in the bottom of the resctor vessel by means of an
installed thermocouple,
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11. DESCRIPTION OF OPERATIONAL MODES
E. The Reactor Vessel Rottom Drain Mode is safety related
with the following safety function:
o Reactor Coolant Pressure Boundary Integrity

r. Recirculation Pump Seal and Purge Mode

The recirculation pump seals are cooled by injection water
supplied by the CRD (Cl1l) System. The pumps sand the MG
Sets are cooled by the RBCCW (P42) System. The pump seals
are provided with a purge system to keep the seals clean
by maintaining a net flow of clean water out of the seal
area, along the pump shaft, and into the recirculation
system. A flow of (3) three to (5) five gpm is
continuousl rawn from the control rod drive hydraulic
system at all times.

The Recirculation Pump “eal and Purge Mode is safety
related with the following safety function:

o Reactor Coolant Pressure Boundary (RCPB)
Integrity,
a. Shutdown Cooling Mode

The Shutdown Cooling Mode is an integral part of the RHR
System (Ell). Reactor coolant is pusped from one of the
recirculation loops by one or both RER Pusps end is
discharged through the RER heat exchangers where it is
cooled by the RHRSW flow, The remctor coolant is then
returoed to the KPV via the recirculation loep.

This wmode contains ne individual components from the
Reactor Recirculation System except the segment of
recirculation pipe where the RHR system ties in, flow
elements NOLI3A,B which serve as pressure boundaries, and
recirculation pump discharge isolation valves FO31A,B
which are closed,

The Shutdown Coo!ing Mode is safety related with the
following safety functions:

Reactivity Control

Reactor Core Cooling Geometry

Reactor Coolunt Pressure Boundary Integrity
Reactor Coolant laventory

An example of a safety design basis event is a Shutdown
Cooling (RHR) Malfunction Decreasing Temperature.
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I11. SUPPORT SYSTEMS

The following systems, in whoie or in part, urec required to
support the operation of the Reactor Recirculation Systes.
For detailed information pertaining to the functionally
nuclear safety related porttions of these systems, the
respective system evaluation documents for each system
should be consulted.

A, Nuclear Boiler System - B2l
B. Residual Heat Removal Systenm - K1l
c. Reactor Building Closed Cooling Water System - P42
D. Control Rod Drive Systen - €11
P Neutron Monitoring Systes - €81

Reactor Protection Systems - 7]
G. Batlery System - R42
. Diesel Generator -~ R43
it Uninterruptible Power - R44

The following system supports the Reactor Recirculatiop Systea
in a non-safety manner by providing Net Positive Suction Head
(NPSH) for the recirculation pumps:

A, Feedwater Systes - N21
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REFERENCE DOCUMENTS

DWG NO REV. TITLE

H-16063 16 Nuclear Boiler Systes PALID, Sheet 2

H-16066 16 Reactor Recirculation System PALID, Sheet 1

H-16067 1 Reactor Recirculation System PAID, Sheet 2

H-16068 2 Reactor Recirculation System PAID, Sheet 3

H-16J76 7 Reactor Recirculation System M.G. Sets
PAID

H-17860 13 Reactor Recirculation Pump and M.G, Set
Elementary Diagrass, Sht 1

H-17861 7 Reactor Recirculation Pump and M.G, Set
Elementary Diagrams, Sht 2

H-17862 13 Reactor Recirculation Pump and M. G, Set
Elementary Disgrams, Sht 3

H-178B63 7 Reactor Recirculation Pump and M.G, Set
Elementary Diagrams, Sht 4

H-17864 19 Reactor Recirculation Pump and M. G, Set
Elesentary Diagrams, Skt §

H-17865 10 Reactor Recirculation Pump and M. G. Set
Elementary Diagraas, Sht 6

H- 17866 15 Reactor Recirculation Pump and M.G. Set
Elepentary Diagrams, Sht 7

R-17867 7 Reactor Recirculation Pump and M.G. Set
Elementary Diagrams, Sht 8

R-17868 11 Rewctor Recirculation Pumsp and M.G. Set
Elementary Diagrams, Sht §

H-17869 2 Reactor Recirculation Pump and M.G. Set
Elementary Diagrams, Sht 10

H-17870 3 Reactor Recirculation Pump and M. G, Set
Elementary Diagrams, Sht 11

H-17814 13 Reactor Recirculation Pump and M.G. Set
Elementary Diagrams, Sht 12

H-19913 0 Reactor Recirculetion Systeu Logic Diagram,
Sht |

H-19914 0 Reactor Recirculation System Logic Diagrams,
Sht 2

R-19915 0 Reactor Recirculation System Logic Diagram,
Sht 3

H-19916 0 Reactor Recirculation System Logic Diagrams,
Sht 4

H-19917 0 Reactor Recirculation System Logic Diagram,
Sht §

§-19108 . Operation and Maintepance Instruction Manual

Unit 1 FSAR, Rev,

Vel, Il - Reactor Recirculation Systes

3, 3.7, 4.3, end 7.9

Technical Specifications, Amend 124, 3/4.6
I10CFRS0 Appendix A, General Desigo Criteria No.

i, 2,

4, 12,

14, 18, 30, 31, 32, 88
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R R R

Central ¥File for the Environmental Qualification of Safety
Related Equipment, Section B (HNP-1), Rev. 19.

Review of Plant Systems per Supplement | NUREG-0737, Comparison
to NRC Regulatory Guide 1.97 (Rev. 2) HNP-]

SCSI Calculation # SNH B6-003, Rev. 0 "Unit 1 Path 1 & 2 Safe
Shutdown KEquipwent List"

Bechtel Electrical Calculetion #76, Rev. 0 "Unit 1 Path 3 Safe
Shutdown Equipment List"™,
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REACTOR RECIRCULATION SYSTEM (B31) DRAWING NO. A-1B172
SHEET

1. SYSTEM OPERATION

The Reactor Recirculation System ensures adequate core
cooling during power operations by supplying coolant flow
past the resctor fuel bundles. This flow is provided by
recirculating that portion of the core flow which is not
boiled while passing thrcugh the core. The flow rate can be
varied as one means of controlling reactor power,.

The system consists of two (2) loops external to the Reactor
Pressure Vessel (RPV). Each external loop contains one
variable speed motor-driven recirculation pump, two motor
operated gate valves, and a motor generstor set to control the
recirculation pump speed. Suction is from the reactor vessel
annu'us and discharge is to the reactor vessel jet pumps.

The Reactor Recirculation System has seven (7) modes of
operation: Normal, LPCI Injection, Recirculation Pump Trips,
Reactor Water Sample, RPV Bottom Drain, Recirculation Pump Seal
Purge, and Shutdown Cooling Mode.

The function of each mode (and therefore the components of
each subsystem) are safety related or non-safety related as
indicated in Table 1, and further described in Section 1II.

The general safety design criteria which are applicable to
compunents in one or more modes are indicsted in Section V,
and further discussed in Section II. Electrical design

considerations are covered under the support systems listed in
Section III.

REV ©
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SHEET

IT. DESCRIPTION OF OPERATIONAL MODES

A,

Normal Operation Mode

During normal operation, the reactor recirculation

system ensures adequate core cooling and reactivity

control by maintaining forced circulation of water past
the fuel bundles. The recirculated coolant consiasts of
saturated water from the steam separators and dryers that
has beeu subcooled by incoming feedwater. This water
passes down the annulus between the RPV wa'l and the core
shroud. A portion of the coolant flows from the RPV
through the two external recirculation loops to become the
driving flow for the jet pumps.

The recirculation flow rate is controlled by varying the
output frequency of the associated motor generators, thus
varying the speed of the associated recirculation pump.

Reactor power can be partially controlled by varying

the recirculation flow rate without requiring centrol

rod movement. This power change is accomplished by
utilizing the lerge negative power coefficient found in
the BWR design. The void coefficient present in the
reactor core is a function of the recirculation flew rate.
An increase in core flow sweeps some of the voids from the
moderator and causes an increase in reactivity. A
decrease in core flow results in the formation of more
voids which decreases core reactivity. In the event of a
power failure to the recirculation pumps the system has
enough inertia to ensure that adequate circulation cean be

maintained to prevent damage to the fuel assemblies in the
RPV core.

The Reactor Recirculation System is also designed to
provide automatic load following capability over the
range of approximately 70 to 100% rated power.

If feedwater flow is below 20 percent, the
recirculation pump speed is automatically limited.
Therefore, automatic protection against recirculation
pump cavitation due to NPSH loss is provided by the 20
percent feedwater flow limiter.

The recirculation flow is monitored by sensing elements

on each loop. This flow rate is transmitted to the
Neutron Monitoring System (C51) so that the neutron
flux/recirculation flow relationship can be calculated, If
this calculated relationship deviates from the normal
operational value as determined through analysis, the
Neutron Monitoring System will initiate a SCRAM signal.

REV 0
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I1. DESCRIPTION OF OPERATIONAL MODES

‘ .

Normal Operation Mode

The Normal Operational Mode is safety related with the
following safety functions:

-] Reactor Coolant Pressure Boundary (RCPR)
Integrity

An example of a safety design basis event is the startup
of an idle recirculation pump.

LPCI Injection Mode

During this mode, portions of the Reactor Recirculation
System piping are included in the LPCI flow paths.

Upon the receipt of a LPCI injection signal (High Drywell
Pressure/Reactor Low Level 1), the reactor recirculation
pumps are tripped (Reactor Low Level 2, and the discharge
isolation valves (B31-FO031A,B) close to avoid LPCI flow
out of a possible break in a recirculatior line and to
assure that LPCI flow is directed through the jet pumpu.

The LPCI Injection Mode is safety related with the
following safety functions:

o Reactor Core Cooling Geometry

o Reactor Coolant Pressure Boundary (RCPB)
Integrity

o Reactor Coolant Inventory

0 High Energy Line Break Mitigation

An example of a safety design basis event is a Loss of
Coolant Accident (LOCA).

Recirculation Pump aud/or Motor Generator Trips Mode

The main recirculation pumps and motor generators have
various trips associated with them, some of which have
safety significance. The recirculation pump is designed
to have sufficient inertia so that it gradually cossts
down after a trip, thus smoothing any flow transients
caused by cutting off recirculation flow.

Safety related trips occur with the following events:

Reactor Low Water Level (Level 2)
Reactor High Pressure Trip

Turbine Stop Valve Closure - (1f the reactor
Turbine Control Valve Fast Closure - power is > 30%
of rated)

REV 0
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SHEET

II. DESCRIPTION OF OPERATIONAL MODES

c.

The safety related trips serve to reduce reactor power
in case of a reactor scram failure by increasing the void
coefficient in the moderator (water).

P
Non-safety related trips of the recirculation pumps
and/or motor generators serve to protect the equipment.
These trips are listed on the Reactor Recirculation
System lLogic Disgrams.

The Recirculation Pump or Motor Generator Trips mode is
safety related with the following safety functions:

o Reactivity Control
o Reactor Coolant Pressure Boundary Integrity

An example of a safety design basis event is tripping
two recirculation pumps.

Reactor Water Sample Mode

A connection off of the recirculation piping is
provided for use in the event that the Reactor Water
Cleanup System is out of service. The sample line is
connected invo an active portion of the recirculation
system to ensure that a representative sample of
reactor water is obtained. The sample line valves

automatically close on receipt of a containment
isolation signal.

The Reactor Water Sample Mode is safety related with
the following safety functions:

o Reactor Coolant Pressure Boundary Inteygrity
o Containment Isolation

An example of a safety design basis event is a Loss of
Coolant Accident,

Remctor V- asel Bottom Drain Mode

A drain line is connected to the bottom head of the
reactor vessel to permit flushing the bottoa of the
reactor to the radwaste :ystems during plant shutdown.

This arain is also piped to the main suction line of the
reactor water cleanup system. The valve in this line is
normally oper to permit flow to pass from the bottom of
the reactor vessel to the cieanup system continuously
during reactor operation. This is done to keep the drain
line flushed out and to provide temperature readout of the

coolant in the bottom of the reactor vessel by means of an
installed thermocouple.
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II. DESCRIPTION OF OPERATIONAL MODPES

R The Reactor Vessel Bottom Drain Mode is safety related
with the following safety function:

o Reactor Coolant Pressure Boundary Integrity
Recirculation Pump Seal and Purge Mode

The recirculation pump seals are cooled by injection water
supplied by the CRD (Cll) System. The pumps and the MG
Sets are cooled by the RBJCW (Pw2) System. The pump seals
are provided with a purge system to keep the seals clean
by maintaining a net flow of clean water out of the seal
area, along the pump shaft, and into the recirculation
system. A flow of (3) three to (5) five gpm 18
continuously drawn from the control rod drive hydraulic
system at all times,.

The Recirculation Pump Seal and Purge Mode is safety
related with the focllowing safety function:

o Reactor Coolant Pressure Boundary (RCPB)
Integrity.

Shutdown Cooling Mode

The Shutdown Cooling Mode is an integral part of the RHR
System (E11). Reacter coolant is pumped from one of the
recirculation loops by one or both RHR Pumps and is
discharged through the RHR heat exchangers where it is
cooled by the RHRSW flow. The reactor coolant is then
returnad to the RPV via the recirculation loop.

This mode contaiay no individual conponents from the
Reactor Recirculation Systew except the segment of
recirculation pipe where the RHR system ties in, flow
elements NO13A,8 which serve as pressure boundaries, and

recirculation pump discharge isolation valves FO31A,B
whica are closed.

The Shutdown Cooling Mode is snfety related with the
following safety function

Reactivity Control

Reactor Cora» Cooling Geometry

Renctor Coolant Pressure Boundary Integrity
Reactor Coolant Inventory

o200

An example of a safety design bas.s event is a Shutdown
Cooling (RHR) Malfunction "ecreasing Temperature.
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II1. SUPPORT SYSTEMS

The following systems, in whole or in part, are required to
support the operation of the Reactor Recirculation System.
For detailed information pertaining to the functionally
nuclear satety related portious of these systems, the
respective system evaluation documents for each system
should be consulted.

A. Nuclear Boiler System - B2l
B. Kesidua) Heat Removal Systenm - Ell
c. Reactor Building Closed Cooling Water System - P42
D. Control Rod Drive Systec - €11
E. Neutron Monitoring System - €81
F. Reactor Protection System - €71
G. Battery System - R42
H. Diesel Geperator -~ R43
) Uninterruptible Power - R44

The following system supports the Reactor Recirculation System
in a non-safety manner by providing Net Positive Suction Head
(NPSR) for the recirculation pumps:

A. Feedwater System - N21
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SYSTEM EVALUATION DOCUMENT
IV. REFERENCE DOCUMENTS

DWG NO REV. TITLR

H~16063 16 Nuclear Boiler System P&ID, Sheet 2

H-16066 16 Reactor Recirculation System PLID, Sheet 1

H-16067 1 Reactor Recirculation System P&ID, Sheet 2

H-16068 2 Reactor Recirculation System P&LID, Sheet 3

H-16076 7 Reactour Recirculation System M.G. Sets
P&ID

H-17860 13 Reactor Recirculatiown Pumsp and M.G. Set
Elementary Diagrams, Sht 1

H-17861 7 Reactor Recirculation Pump and M.G. Set
Flementary Dis_rams, Sht 2

H-17862 13 Reactor Recirculation Pump and M.G. Set
Elementary Diagrams, Sht 3

H-17863 7 Reactor Recirculation Pump and M.G, Set
Elementary Diagrams, Sht 4

H-17864 19 Resctor Recirculation Pump and M.G. Set
Elementarv Diagrams, Sht §

H-17865 10 Reactor Rocirculation Pump and M.G., Set
Elewentary Diagrams, Sht 6

H~17866 i5 Reactor Recirculation Pump and M.G. Set
Elementary Diagrams, Sht 7

H-17867 7 Reactor Recirculation Pump and M.G. Set
Elementary Diagrams, Sht 8

H-17868 11 Resctor Recirculation Pump and M.G. Set
Elementary Diagrams, Sht 9

H~-17869 2 Reactor Recirculation Pump and M.G, Set
Elementary [iagrams, Sht 10

H-17870 3 Reactor Recirculation Pump and M.G. Set
Elementary Diagrams, Sht 11

4-17814 13 Reactor Recirculation Pump and M.G. Set
Elems ntary Diagrams, Sht 12

H-19913 0 Reactor Recirculation System Logic Diagram,
Sht 1

A-19914 0 Reactor Recirculation System Logic Diagram,
Sht 2

B-19915 0 Reactor Recirculation System Logic Diagram,
Sht 3

H-19916 0 Resctor Recircuiestion System Logic Diagras,
Sht 4

H-19917 0 Reactor Recirculation System Logic Diagram,
Sht §

§-19108 . Operation and Mainlenance Instruction Manual

Vol. Il - Renctor Recirculation Systems

Unit 1 FSAR, Rev. 3, 3.7, 4.3, and 7.9

Technical Specifications, Amend 124, 3/4.6

10CFR50 Appendix A, General Design Criteria No.
I, 2, 4, 12, 13, 14, 15, 30, 31, 32, 65
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SYSVEM EVALUATION DOCUMENT
REFERENCE DOCUMENTS

- R e L

Cen:ral File for the Environmental Qualification of Safety
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