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10.3 CORE SPRAY SYSTEM
Learning Objectives:
1. Recognize the purpose of the Core Spray (CS) System.

2. Recognize the purpose, function and operation of the following Core Spray system
major components:

Pump Discharge Valve

Pump

Sparger

Minimum flow valve

Full flow test valve

Line fill pump

"0 Q00T

3. Recognize the following flowpaths of the Core Spray system:
a. Suction Path
b. Discharge Path
c. Line Fill
d. Flow testing

4. Recognize the plant parameters which will cause Core Spray system automatic
initiation.

5. Recognize the system’s normal standby alignment and how the system will respond
to an initiation signal.

6. Recognize how the Core Spray system interfaces with the following systems:
a. Reactor Vessel System (Section 2.1)

Reactor Vessel Instrumentation System (Section 3.1)

Automatic Depressurization System (Section 10.2)

Primary Containment System (Section 4.1)

Residual Heat Removal System (Section 10.4)

© 0o

10.3.1 Introduction

The purpose of the Core Spray (CS) System is to provide low pressure makeup water to
the reactor vessel for core cooling under Loss Of Coolant Accident (LOCA) conditions.

The functional classification of the Core Spray System is that of a safety related system.
Its regulatory classification is an engineered safety feature system.

The CS System (Figure 10.3-1) consists of two separate and independent 100%
capacity subsystems capable of delivering 4725 gpm at 274 psig discharge pressure.
Each loop contains the following components: one low pressure pump, minimum flow
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line, test line, spray sparger, and the associated motor operated valves and
instrumentation necessary to perform its purpose.

The CS System delivers water from the suppression pool into the reactor vessel through
spray nozzles mounted on spargers located directly above the fuel assemblies (Figure
10.3-2). Core cooling is accomplished by spraying water on top of the fuel assemblies.
The water runs down the sides of fuel pins providing a heat sink for the heat radiated
from the fuel rods. The heat removed by water evaporation within the fuel assemblies
also provides some convection cooling.

The CS System will automatically initiate upon receipt of either a Level 1 reactor vessel
water level signal or a high drywell pressure.

The system is provided with the means to periodically test the operational capability to
the system. A minimum flow line is also provided to create a flow path to remove pump
heat under situations where the discharge and test valves are closed. The motor
operated valves automatically line up for the emergency mode of operation upon a
system initiation when in the test mode.

The line fill system pumps maintain the CS and the same division of RHR filled with
water from the suction of the pumps to the closed injection isolation valve. This is done
to reduce the water hammer hydraulic effect and decrease the delay time from initiation
signal to actual water flow into the reactor vessel.

10.3.2 Component Description

The major components of the Core Spray System are discussed in the paragraphs that
follow.

10.3.2.1 Suction Path

The normal water supply for the CS System is provided by the suppression pool through
a suction strainer into a 14 inch line with a motor operated suction valve to the suction
of the pump. The suction valves have no automatic features, and are normally open. If
the valve is not full open, a Core Spray pump trip signal is generated.

When the reactor is shutdown, the core spray pump suction path can be manually
transferred from the suppression pool to the Condensate Storage Tank (CST). With
clean water from the CST, a test can be conducted in which water can be sprayed on
top of the core. This testing verifies the integrity of the spray pattern and removes any
high level radioactive corrosion products from the spray spargers.
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10.3.2.2 Core Spray Pumps

There is a total of two pumps in the CS System; one for each loop. Each pump is 100%
capacity and powered by an independent power source. Each pump is a single stage
centrifugal pump designed to deliver 4725 gpm at a reactor vessel pressure 274 psi
greater than suppression pool pressure. Power to the pump motors is supplied from the
4160 Emergency Distribution System.

10.3.2.3 Discharge Path

The main discharge path for the pumps goes through a discharge check valve, flow
element and then to the discharge valves located just outside the primary containment.
It then passes through penetrations in the containment drywell walls.

Inside the primary containment, each discharge line has an air operated testable check
valve to prevent reverse flow in the CS System. The testable feature, which proves the
valves operability, incorporates an air operator mounted on the valve. In addition, a
motor operated bypass valve is provided to equalize around the air operated check
valve prior to check valve opening.

Downstream of the check valve is a manual isolation valve which isolates the discharge
header so that maintenance can be accomplished. It also allows for independent
hydrostatic testing of the discharge line and reactor vessel. A limit switch on this
manual isolation valve provides an indication in the control room when the valve is full
open. The discharge lines enter the reactor vessel approximately 180° apart. Once
inside the reactor vessel, each line tees and is routed 90° horizontally. Each line is then
directed downward along the vessel wall and then inward where it penetrates the
shroud just above the core outlet plenum. After entering the shroud each line again
tees to form two semicircular spray headers (spargers), shown in Figure 10.3-2, and
described below.

10.3.2.4 Core Spray Sparger

The core spray sparger configuration is shown in Figure 10.3-2. There are two 100%
capacity core spray spargers provided within the reactor pressure vessel. Sparger B is
located directly above sparger A within the upper shroud area above the reactor core.
Each sparger is manufactured in two sections. Each sparger header contains orificed
nozzles that are designed to insure adequate coverage of the reactor core with water
spray during a LOCA.

10.3.2.5 Line Fill
The purpose of the line fill is to maintain the core spray and RHR system full of water,

from the pump discharge check valves to the normally closed valve in the injection path.
With the system being maintained full of water, the probability of water hammer on
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system initiation is greatly reduced. The line fill pump supplies a Residual Heat
Removal system loop and one CS system loop with 15 gpm at 55 psig.

10.3.2.6 Motor Operated Valves

Each motor operated valve in the CS System, is powered from the same electrical
division power that supplies power to the pumps (i.e.: System | from division |, System Il
from division Il). All motor operated valves in both systems | and Il can be operated
from the control room.

10.3.3 System Features and Interfaces

A short discussion of the system features and interface this system has with other plant
systems is given in the paragraphs which follow.

10.3.3.1  Normal Operation

During normal plant operation, the CS System is in a standby status as indicated on
Figure 10.3-1, ready for automatic initiation when required.

10.3.3.2 Automatic Initiation

The Core Spray System will automatically align valves and start pumps upon receiving
either of the two initiation signals: Level 1 reactor vessel water level or high drywell
pressure.

The operation of the system in response to an initiation signal is as follows:

e The test line motor operated valves are closed and interlocked closed.

e If normal AC power is available the CS pumps will start after a seven second time
delay to prevent overloading the AC power system.

e When reactor vessel pressure decreases below 465 psig, the injection valves
receive a permissive to open signal.

Actual injection into the reactor vessel will begin when reactor pressure is reduced to
less than pump shutoff head (approximately 333 psig) at the pump discharge.

When injection flow reaches 650 gpm the minimum flow valve is signaled to close. Flow
will reach 4725 gpm when reactor pressure decreases to less than 274 psig above
suppression pool pressure. The restricting orifice in the injection line prevents the CS
pump from going into runout as the reactor further depressurizes.

In addition to the CS system’s pumps and valves, other systems respond to input from
the CS system’s logic initiation. The following also occur:
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e all three Emergency Diesel Generators will start,

e Reactor Building Service Water valves will realign to split the service water system
into two separate redundant loops,

e the Reactor Building Closed Loop Cooling Water system’s non-safety related loops
will isolate.

The system’s manual initiation response is identical to that of an automatic initiation.
10.3.3.3 Manual Override Features

With the system in operation following an automatic initiation, the operator, using
procedures and his judgment, can override some of the automatic functions by turning
the pump control switch to the off position or by throttling the discharge valve. Either of
these actions produces the appropriate indication and alarms to inform the operator of
his actions. Once the system is shutdown, by closing a discharge valve or stopping the
pump(s), the system will not automatically restart unless the initiation logic is manually
reset

10.3.3.4 System Testing

During plant operation, periodic testing of the core spray pumps and valves are required
to ensure the system will perform as designed. Surveillance testing of the core spray
pumps is accomplished by recirculating the suppression pool water, via the test return
line, to ensure required flow rates are obtainable. Surveillance testing of the motor
operated valves is accomplished by cycling the valves and timing the stroke time, when
required.

10.3.3.5 System Interlocks

The minimum flow valves automatically open on low flow (<650 gpm) and automatically
close when flow exceeds 650 gpm. The test valves receive a continuous close signal
whenever there is an initiation signal present. Discharge valves receive open signals on
system automatic initiation when reactor pressure is less than 465 psig. Once open
following system automatic initiation, the inboard discharge valves can be throttled to
adjust system flow.

10.3.3.6 CS System Leak Detection

A detection system is provided to continuously confirm the integrity of the core spray
piping between the inside of the reactor vessel and the core shroud.

A differential pressure switch measures the pressure difference between the CS piping
outside the reactor vessel (high side of D/P cell) and the Standby Liquid penetration just
above the core plate (low side of D/P cell). This D/P is indicative of the differences in
water density between the inside of the vessel (~545°F) and the reference leg in the
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drywell (~125°F). The D/P is O psi when the reactor vessel is cool and increases to
about 3.5 psi at normal operating temperatures.

Figure 10.3-3 shows a typical configuration of the CS sparger leak detection system.
During normal operation there is a 7 psi D/P across the moisture separators and an
additional 77 D/P across the steam dryers. A break in the Core Spray piping between
the reactor vessel wall and where the core spray piping penetrates the core shroud will
cause the sensed pressure on the reference leg (high side of D/P cell) to drop by
approximately 7.25 psi. This will reverse the measured pressures. The control room
annunciator for Core Spray System (A/B) RPV Header Differential Pressure Low alarms
at 0.7 psid and decreasing which indicates a possible pipe rupture outside the shroud.
This annunciator is an expected alarm during shutdown and cooled down conditions.

10.3.3.7 System Interfaces

A short discussion of interfaces this system has with other plant systems is given in the
paragraphs which follow:

Reactor Vessel System (Section 2.1)

The CS System injection piping penetrates the reactor vessel and core shroud. The
core spray spargers are mounted inside the core shroud.

Emergency AC Power System (Section 9.2)

The CS System receives reliable electrical power for system operation from the
Emergency AC Power System. The Emergency Diesel Generators receive start signals
from the CS system logic.

Automatic Depressurization System (Section 10.2)

The Automatic Depressurization System rapidly lowers reactor vessel pressure to allow
the Core Spray and RHR systems to inject into the reactor.

Primary Containment System (Section 4.1)

The suppression pool, which is part of the Primary Containment System, is the normal
suction for the core spray system. Additionally, the CS minimum flow lines and full flow
test lines are connected to the suppression pool.

Reactor Building Service Water System (Section 11.2)

The RBSW System receives LOCA logic signals from the CS system logic.
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10.3.4 Summary

The purpose of the Core Spray System is to provide protection to the core in the case of
a large break in the nuclear system in which the high pressure coolant injection systems
are all unable to maintain the reactor pressure vessel water level. The Core Spray
System will also provide protection to the core in the case of a small break in the
nuclear system in which high pressure injection systems are all unable to maintain the
reactor pressure vessel water level. During a small break scenario the Automatic
Depressurization System will depressurize the reactor pressure vessel and allow Core
Spray system to inject into the core.

Rev 09/11 10.3-7 USNRC HRTD



»d

{

180 woi4

J1

dwng
(14 BuIT

u

1591 ¥HY

<N
Minimum Flow

Test

g wajsks
YHY oL

!

g

O

KR

HE
g9

:m:
Keidg 8109

oL
)

O

ulelg
[e207 0]

v waisks
YyHY oL

Test

Minimum Flow

B
vie
X
7 X
¢ aun
1S3 ¥HY m V
duing
14 8ur7

:
]

YSE

i

o

D

g

VEe

S

urelq
[8907 0]

’ E @ @_ _
)

[

Keidg 8109

Ll |

07}

183 woi4

10.3-1 Core Spray Systems



From Core
Spray Pump B

Penetration of
Shroud

P

/
From Core /
Spray Pump A

Penetration of

Shroud
Shroud ‘ ‘ ‘ ‘ | ‘ ‘
From Core Spray From Core Spray
B Pump A - 7 Pump B 7

Sprayer

/ (Typ)

|<—— Shroud

EN ~<~——Shroud
\

()

= Reactor

Core

Shroud L had
Penetration

10.3-2 Vessel Internal Piping



®

STEAM DRYER DRYWELL

/WATER LEVEL

MO| |MO

X

o <

ABOVE CORE
PLATE
PRESSURE

\ LOW HIGH

VRN,

——— STANDBY LIQUID CONTROL

* NOTE: dpA ALARMS ON DECREASING DIFFERENTIAL PRESSURE

10.3-3 Core Spray System Pipe Break Detection Instrumentation




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


