Reactor Protection System
(RPS)

304B Chapter 7.3



Objectives

Identify the purposes of the Reactor Protection System (RPS).

Recognize the purpose function and operation of the following
RPS components:

a. Motor generator sets

Alternate power supply transformer

Power transfer switch

One of two twice de-energized to function scram logic
Scram reset time delay

Scram air header

HCU scram pilot solenoid valves

SDV scram pilot solenoid valves

Backup scram solenoid valves

Alternate Rod Insertion (ARI) solenoid valves
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Objectives

Recognize how a scram signal results in control rod insertion.
List the RPS setpoints which affect the following:

a. Scram reset time delay

b. Alternate Rod Insertion (ARI)

Describe the loss of power and loss of air fail-safe features of
the system.

Given a scram signal, select:

a. the reason for each

b. the conditions which may bypass it
c. the reason each bypass is allowed



Objectives

7. Explain how this system interfaces with the following systems:
a. Control Rod Drive System

Reactor Manual Control System

Reactor Recirculation System

Neutron Monitoring System

Main Steam System

Primary Containment System

Reactor Vessel Instrumentation System

. Instrument Air System
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Purposes

* Monitor critical plant parameters during all
plant operating modes and

* |nitiate a reactor scram when a LSSS is
reached such that:
— fuel cladding integrity remains intact

— the reactor coolant system pressure boundary
remains intact

— primary containment integrity remains intact
— inadvertent criticality is avoided.

Objective 1



Overview

Fail safe
2 iIndependent trip systems
Each trip system contains 2 channels

Each channel receives independent
sensor inputs

One out of two taken twice de-energized
to function logic arrangement



120 VAC

Channel A2 similar
to A1
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Major Components

Motor Generator Sets

Alternate Power Supply Transformer

Power Transfer Switch

Scram Logic

Scram Air Header

HCU Scram Pilot Solenoid Valves

SDV Scram Pilot Solenoid Valves

Backup Scram Solenoid Valves

Alternate Rod Insertion (ARI) Solenoid Valves

Objective 2



Motor Generator Sets

MG Set A

Output Power

Normal
or Alt B

P

mAﬁg

RPS "A" Normal Power
Supply - 480 VAC

RPS A
Alternate Power

Alt A

K2B —~

K1A ——

K2A

=\

RPS "A" Alternate Power
Supply - 480 VAC MCC-1133

MG Set B
Output Power

Normal

Alt A AltB Normal

or Alt A

P

Power Transfer Switch

Contacts Shown in the Normal Position

K1B i

RPS Power Transfer Switch,
Relays, and Contacts

RPS "B" Normal Power
Supply - 480 VAC

RPS B
Alternate Power

Alt B —

:
I

RPS "B" Alternate Power
Supply - 480 VAC MCC-1133

K2A

K1B
K2B

3
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K1B K2B
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RPS PCIS Rad, & RPS PCIS Rad, &
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Figure 7.3-3
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RPS "A" Normal Power

Alternate Power Supply
Transformer

MG Set A
Output Power

RPS A
Alternate Power

Normal
Alt A Alt B
Alt A

Normal __|
or Alt B 7/f

Power Transfer Switch

K1A

K1A K2A

i k-

Contacts Shown in the Normal Position

MG Set B
Output Power

RPS B
Alternate Power

Normal __|
or Alt A 7/ﬁ Alt B

K2A

K1B

K2B

A N

1

RPS Power Transfer Switch,

Relays, and Contacts

RPS "A" Alternate Power

Supply - 480 VAC Supply - 480 VAC MCC-1133

NANAN
Y'Y YN
D

K1A
RPS Bus A

Y

PCIS Rad, & RPS PCIS Rad, &
ChnlA  Neut. Mon.  ChnlA2  ChnlC Neut. Mon.

RPS
Chnl A1

Figure 7.3-3

RPS "B" Alternate Power
Supply - 480 VAC MCC-1133

RPS "B" Normal Power
Supply - 480 VAC

\ANNA

Y Y YN
120 VAC ? R? Bus B? ? ?
RPS PCIS Rad, & RPS PCIS Rad, &

Chnl B1 ChnlB Neut.Mon. ChnlB2 ChnlD Neut. Mon.
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Power Transfer Switch

MG Set A

Output Power

Normal _|
or Alt B 7/j

K1A

=\

RPS "A" Normal Power
Supply - 480 VAC

RPS Bus A

RPS A
Alternate Power

AtAT”—

K2B

}_‘H\

K1A

K2A

i\,

RPS "A" Alternate Power
Supply - 480 VAC MCC-1133

NAAANY
Y Y Y
D

K1A

RPS PCIS
Chnl A1

;

Rad, &

Chnl A Neut. Mon.

;

RPS
Chnl A2

PCIS Rad, &
Chnl C Neut. Mon.

K2A
? ? 120 VAC

MG Set B
Output Power

Normal

Alt A Alt B Normal

or Alt A

Power Transfer Switch

Contacts Shown in the Normal Position

K1B

RPS Power Transfer Switch,
Relays, and Contacts

RPS "B" Normal Power
Supply - 480 VAC

=

i\,

RPS B
Alternate Power

Alt B

K1B
K2B %

RPS "B" Alternate Power
Supply - 480 VAC MCC-1133

K1B
120 VAC ?

\ANNA
YO Y
K2B —_ —
RP?S Bus I} ? ?
RPS PCIS Rad, & RPS PCIS Rad, &

Chnl B1

Figure 7.3-3
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Channel A1
120 VAC

120 Vac

KSA 2=

1
1
1
1
1
[

Scram Logic

RPS Trip System A

Channel A2
120 VAC

- -PIS-N678C —7Zﬁ
K5C <\> -----

120 Vac

K5C 7=

120VAC K1

Contacts shown in narmally energized or untripped condition

Vent

Figure 7.3-1
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1

RPS Trip System B

Channel B1
120 VAC ‘
078B
1
:
---PIS-N678B — '

120 Vac

K14B

NQO78D

- - -PIS-N678D —7gﬁ

Channel B2
120 VAC

K5D <\> -----

120 Vac

AN

120VAC

< << » To Scram Valves
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Scram Logic

Contacts shown for normal full power operation with no scram signals present
|

%mmﬁ_‘mw

120 WAC

120 VAC

|
Turbine Stop Valve Closure '.fL K‘lUBiKIDF
T KIA TSV & TCW Bypass —
;z KBA Turbime Contral Valve Fast Closure ;L‘KBE
1A K18A SDW High Level & Bypass KI1B K1BB
> : K3A K3E I K11A MWISIV Closure & Bypass > : k3B K3F : K11B
;/_‘ KA Drywel High Pressure 7—/_4 K4B
RPS Trip System A RPS Trip System B
Channel A1 ZKEA Reactor High Pressure 7_‘_7__‘ KEB Channel B1
.- = KBA Reactor Low Water Level = kBB
Channel A2 similar Channel B2 similar
to A1 to B1
Ki & Main Steam Line High Radiation KrB
KI1ZA Neutron Monitoring Ki2B
System
KI2E Ki2 F
K154

Manual Scram & Mode Switch

L 1

— K18A —KIBE

Scram Reset — __K19B —_RKI8F
K1l|#3.f - K14E

Channel Sensor Contacts

K148
r

< K14F
K1 4A2 2KI4E

Channel Sensor Relays K1482 2H14F

Figure 7.3-4 Objective 2d



cram Air Header

RPS "A" Normal
480 VAC

From RPS
Bus "B"

RPS Channel Trip
Logic Contacts

RPS Channel
Trip Logic

480 VAC RPS "B" Normal Supply
MCC 1133 480 VAC
__ _nterlock___ _ __ _
RPS Bus "B" 120 VAC
A1 B13—=—B|
L L RPS Channel
A2 B2r=—10| Trip Logic

———== ToHCU Solenoid Valves —~=——

. A
(K14's) Aux. Relay "b"
|_|9:—| Relay "a (Typical of "a")
125 VDC B F--< 4 < -
Auxiliary Relay |_||;|)J I K21A K21B
Contact , : Vent
[ ! 1
! 1
Fa-#a& - -#Fa& HFA---------=-=-- === - -~ 4 '
1 ARI
2b-2b - 2D FP= = = = = = = = = = . e . . & " - =" """ =-- R -
Instrument Air
Supply
b Vent | Vent Vent
T Vent Backup Scram ARI
<< ARI Solenoid Valves HCU Scram
SDV Pilof - Vent RPS  RPS  pilot Solenoid
Solenoid A B" valves (137 sets)
Valves
HCU Scram
Instrument Air Pilot Valve
Supply Vent
? Vent | HCU's
Vent \* v Scram
ARI ( Accumulator
Vent Scram Discharge Volume
*Note: 1. Allrelays and solenoids are shown in Typical of (2) Instrument
the normal non-scram condition Volume

2. Three Port Solenoid valves operation, (when the
solenoid changes state, the dark port opens and
the port with the dot closes).

Drain <—I§Q—I§Q

Figure 7.3-5
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HCU Scram Pilot Solenoid Valves

RPS "A" Normal 480 VAC RPS "B" Normal Supply
480 VAC MCC 1133 480 VAC
__Interlock___ __ ___ - — =
From RPS r[ RPS Bus 'B" % 120 VAC
Bus "B =
RPS Channel A1 R1¥<—— ]B]
Trip Logic
A L RPS Channel
#A2 B2=—D] "0 ogic
RPS Channel Trip L~ ToHCU Solenoid Valves ~—!

Logic Contacts

~ A
(K14's) Aux. Aux. Relay "b"
Rﬂ Relay "a” (Typical of "a")
125 VDC B r--< 4 - < - -
Auxiliary Relay I—nl:;)J : K21A K21B
Contact \ : Vent
! 1
! Ll
__________________ 4 |
1 ARI
Instrument Air
Supply
Vent Vent
Vent Backup Scram ARI
ARI Solenoid Valves HCU Scram
SDV Pilof - - Vent RPS  RPS  pilot Solenoid
Solenoid A B" valves (137 sets)
Valves
HCU Scram
Instrument Air Pilot Valve
Supply Vent
I? Vent HCU's
Vent \J( * Scram
ARI ( Accumulator
Vent Scram Discharge Volume
*Note: 1. Allrelays and solenoids are shown in Typical of (2) Instrument
the normal non-scram condition Volume

2. Three Port Solenoid valves operation, (when the
solenoid changes state, the dark port opens and Drain
the port with the dot closes).

Figure 7.3-5 Objective 2g



SDV Scram Pilot Solenoid Valves

RPS "A" Normal 480 VAC RPS "B" Normal Supply
480 VAC MCC 1133 480 VAC

__ __Interlock___ __ ___ - =
From RS RPS Bus "B" 120 VAC
us "B =
RPS Channel FA1 B1 ;=<—.
Trip Legic RPS Channel
TA2 B2 ~——0] Trip Logic
RPS Channel Trip L~ ToHCU Solenoid Valves ~—!
Logic Contacts
(K14's) Aux. Aux. Relay "b"
r'g:—l Relay "a" (Typical of "a")
125 VDC B - 4 b <- - -
Auxiliary Relay |_||':') : K21A K21B
Contact \ ! Vent
- I
! Ll
__________________ 4 |
1 ARI
Instrument Air
Supply
Vent Vent
Vent Backup Scram ARI
ARI Solenoid Valves HCU Scram
“~SDV Pilof - - Vent RPS  RPS pilot Solenoid
Solenoid A B" valves (137 sets)
Valves
HCU Scram
Instrument Air Pilot Valve
Supply Vent
l? Vent | HCU's
Scram
Vent AR ( * * Accumulator
Vent Scram Discharge Volume
*Note: 1. Allrelays and solenoids are shown in Typical of (2) Instrument
the normal non-scram condition Volume

2. Three Port Solenoid valves operation, (when the
solenoid changes state, the dark port opens and Drain
the port with the dot closes).

Figure 7.3-5 Objective 2h



ackup S

cram Solenoid Valves

RPS "A" Normal 480 VAC RPS "B" Normal Supply
480 VAC MCC 1133 480 VAC
—lInterlock___ ___ _—L - —
From RPS RPS Bus "B" E 120 VAC
Bus "B -
RPS Channel A1 B1 ;,
Trip Legic RPS Channel
A2 B2r=—1D| Trip Logic
RPS Channel Trip L~ ToHCU Solenoid Valves —~—!
Logic Contacts A
(K14's) Aux. Aux. Relay "b"
|_'C'—| Relay "a (Typical of "a")
125 VDC B r--< 2 <---
Auxiliary Relay LE) 1 K21A K21B
Contact \ ! Vent
I - !
! ll
& - - - - - - - - - === === - 4 |
! ARI
[ R R i R CIC IR
Instrument Air
Supply
Venl Vent
Vent Backup Scram ARI
ARI Solenoid Valves HCU Scram
SDV Pilot — = Vent '}X{? RPS  Pilot Solenoid
Solenoid B" valves (137 sets)
Valves
HCU Scram
Instrument Air Pilot Valve
Supply
Vent HCU's
Scram
Vent ARI ( * * Accumulator
Vent Scram Discharge Volume
*Note: 1. Allrelays and solenoids are shown in Typical of (2) Instrument
the normal non-scram condition Volume
2. Three Port Solenoid valves operation, (when the

solenoid changes state, the dark port opens and
the port with the dot closes).

Drain

Figure 7.3-5
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Alternate Rod Insertion (ARI)
Solenoid Valves

RPS "A" Normal
480 VAC

480 VAC RPS "B" Normal Supply
MCC 1133 480 VAC

— _lntetlock__ __ __ - —
From RPS RPS Bus "B" 120 VAG
Bus "B
RPS Channel A1 B13
Trip Legie [5] RPS Channel
™ B27 Trip Logic
RPS Channel Trip L~ ToHCU Solenoid Valves ~——
Logic Contacts A
(K14's) Aux. Aux. Relay "b"
r'g:—l Relay "a" (Typical of "a")
125 VDC B r--< 4 < - -
Ausxiliary Relay L.'_-', T K21A K21B
Contact \ ! Vent
— | |
! l
A= - - - - - - - - -- - == - 4 \
! ARI
b e = - - - s e e e s e e e e e e e - .- - e R -
Instrument Air D
Supply
Vent |, Vent Vent
Vent Backup Scram ARI
ARI Solenoid Valves HCU Scram
SDV Pilof Vent EX? RPS  pilot Solenoid
Solenoid B" valves (137 sets)
Valves
7 HCU Scram
Instrument Air Pilot Valve
Supply .,
7
Vent HCU's
Scram
Vent ARI * V Accumulator
Vent Scram Discharge Volume
*Note: 1. Allrelays and solenoids are shown in Typical of (2) Instrument
the normal non-scram condition Volume

2. Three Port Solenoid valves operation, (when the
solenoid changes state, the dark port opens and
the port with the dot closes).

Drain

Figure 7.3-5 Objective 2



Scram Functions and Bases
Table 7.3-1

» Reactor Mode Switch in Shutdown

« Manual Scram

» High Drywell Pressure

* Low Reactor Vessel Water Level

» High Reactor Pressure

« Main Steam Line High Radiation

» Turbine Stop Valve Closure

 Turbine Control Valve Fast Closure

« Scram Discharge Volume High Level

« Main Steam Isolation Valve Closure

« APRM High-High Fixed (15% and 118%)
« APRM High-High Flow Biased Thermal
APRM Inop

IRM High-High

IRM Inop

IRM High-High or Inop with companion APRM downscale
« SRM High-High

« SRM Inop

Objective 6



Scram Functions and Bases

HIGH
RADIATION
SCRAM

Note 1

HIGH

Note 1

LOW WATER
LEVEL SCRAM

/ URYWELL \

HIGH
RADIATION
SCRAM
Note 1

Radiation Manitor

Main Steam Line

Main Steam Line
Radiation M onitor

HIGH
RADIATION
SCRAM
Note 1

Radiation Monitor

Main Steam Line

ASSIGNMENTS
Al A2 B B2

MSi's | A&B csd | Agc | B&D

ok | ran 384 123 284
PRESSURE | A c B D
APRM's AE CE BF 8D
IRM's 1y ¢6 BF DH

TTTT

iy
X,

LPRM),, Typicalof

31 Assemblies
o e

Typical of 4 Typical of6

Figure 7.3-2

Typical of 8

Iain Steam Line
Radiatian Monitor

Note 1: Each MSL rad. monitor
is positioned such that
it monitors all 4 MSL’s
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Scram Functions and Bases

N

From HCU's

From HCU's K—Vent

Scram Discharge
Instrument Volume

................ RPN

__________ SDIV HIGH SDIVHIGH
LEVEL SCRAM LEVEL SCRAM

\

HIGH PRESSURE TURBINE

MAIN
CONDENSER

izs

' RP'S SUBCHANNEL

! ASSIGNMENTS

1

i A A2 B1 B2

1

: msivs | A&B can A&C B&D

1

1

i i9Es | 1aa | 3es | 1a3 | 284

1

1

' V. OIL

! PRESSURE | A c B D

T 1 1l emmme e e e e e e e e e — ———————————

' i i ! | APRM's | AF CF BF B0
STOP VALVE

CLOSURE

SCRAM

CONTROL VALVE
FAST CLOSURE SCRAM

Figure 7.3-2 Objective 6



Integrated operation

RPS "A" Normal 480 VAC RPS "B" Normal Supply
480 VAC MCC 1133 480 VAC
__ __Interlock___ ___ ___ - —
From RPS RPS Bus "B" 120 VAC
Bus "B -
RPS Channel A1 B1 ;=<—.
Trip Logie RPS Channel
FA2 B2% o] Trip Logic
RPS Channel Trip L~ ToHCU Solenoid Valves ——!
Logic Contacts A
(K14's) Aux. Aux. Relay "b"
I_g—l Relay "a (Typical of "a")
125 VDC B - £ % - -
Auxiliary Relay L'b 1 K21A K21B
Contact \ ! Vent
I - !
! ll
& - - - - - - - - - === === - 4 |
! ARI
[ R e I il R
Instrument Air
Supply
Venl Vent
Vent Backup Scram ARI
ARI Solenoid Valves HCU Scram
SDV Pilot - = Vent '3;‘5 RPS  Pilot Solenoid
Solenoid B" valves (137 sets)
Valves
HCU Scram
Instrument Air Pilot Valve
Supply
Vent HCU's
Scram
Vent AR ( * * Accumulator
Vent Scram Discharge Volume
*Note: 1. Allrelays and solenoids are shown in Typical of (2) Instrument
the normal non-scram condition Volume

2. Three Port Solenoid valves operation, (when the
solenoid changes state, the dark port opens and
the port with the dot closes).

Drain

Figure 7.3-5
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Integrated operation

RPS Trip System B

RPS Trip System A

Channel A1 Channel A2
NB50A, NB80A N65oc%‘_ NGBOC%A_
N678A 52~ N678C

KaA KSAf KBA K4C ~ K5C .~ K6C
KAA
KBA:
K6AZZ~

K14 K14

NOTE: SEAL-IN CONTACTS FOR
CHANNEL SENSQOR RELAYS ARE
NOT SHOWN

Contacts shown with no scram condition present

Trip
Units

Sensor
Relays

High Drywell
Pressure Contacts

High Reactor
Pressure Contacts

Low Reactor Water
Level Cantacts

Channel Sensor
Relays

Channel B1

%‘_ NG50B
N678B ;zﬁ

7_/l_N68(JB

< K4B éKSB éKGB

Reactor Protection System Channels

Figure 7.3-8

Channel B2

%_NGSOD

%_NGBOD

émo < K5D ~K6D

K4D
K5D
KéD

K14D. K14

Objective 3, 5



Integrated operation

120 VAC

Contacts shown for normal full power operation with no scram signals present

|
% Kmﬁki K10E Turbine Stop Valve Closure
—KIA TSV & TCV Bypass
7_2_4 KBA Turbine Contral Valve Fast Closure
> K1A K1BA SDW High Level & Bypass
|
| K3A K3E | K11A MSIV Closure & Bypass
e Drywell High Pressure
RPS Trip System A
Channel A1 KEA Reactor High Pressure
Channel A2 similar " KBA Reactor Low Water Level
to A1
7 KTA Main Steam Line High Radiation
K124 Meutran Monitoring
System
KI12E
K154 Manual Scram & Maode Switch
—  K18A — — KI19E Scram Reset
K144 KI14E Channel Sensar Contacts

KI4A<>

< KIE

Channel Sensor Relays

Figure 7.3-4

120 VAC

—T
k8B
K1B K1BB
|
K3B K3k K11B

Channel B1

—=~ k4B
RPS Trip System B

KB

~ kBB

Channel B2 similar

to B1

_~_ KiB
K128
Ki2F
K158

__ K18B

K148

K14F

K1 4E<>

}_

K18F

<>K‘I4F

Objective 3, 5



Integrated operation

RPS "A" Normal 480 VAC RPS "B" Normal Supply
480 VAC MCC 1133 480 VAC
- _ _Interlock___ _ __ =
From kP 120 VAC a RPS Bus "B" 120 VAC
us "B
RPS Channel A1 Bl %= [E]

Trip Logic

RPS Channel Trip
Logic Contacts

I———= To HCU Solenoid Valves ———

1 IE RPS Channel
B2% Trip Logic

Vent

ARI

Vent

(K14's) A . Aux. Relay "b"
I_:c:—I Relay "a (Typical of "a")
125 VDC B r--< 4 > - - -
Auxiliary Relay |_||';') : K21A K21B
Contact \ !
- !
! 1
wa-fa- g HFA------------=-=-----+ 4 |
Ll
Fh-Fl - -FZbD D - - - = - = - - e e e e e e e e e e e - - - - - - -_———---— - 4
Instrument Air
Supply
b Vent |, Vent
-
I~ Vent Backup Scram ARI
< ARI Solenoid Valves
TF~SDV Pilof
Solenoid
Valves
Instrument Air
Supply Vent
l? Vent | HCU's
Vent w *
ARI (
Vent Scram Discharge Volume
*Note: 1. Allrelays and solenoids are shown in Typical of (2)
the normal non-scram condition

2. Three Port Solenoid valves operation, (when the

solenoid changes state, the dark port opens and
the port with the dot closes).

Drain

Figure 7.3-5

Vent

HCU Scram
RPS  Pilot Solenoid
B"  valves (137 sets)

RPS
oA

HCU Scram
Pilot Valve

Scram
Accumulator

Instrument
Volume

Objective 3, 5



RPS Trip System B

K228

K21B —

Channel A2

Integrated operation

Channel B2
K21D% K220

K210 —_—
eset
; D

K22D

< KD < K< Tppu<
10 sec.

PU

S€C.

K19H

o do]

K1QD

K19F

RPS Trip System A
Channel A1
sz% —_K22A K21C —_K22C K21B
K21AT”— K21Cc ——
IResel L eset l K K
A
K22A K22C K22B
K19A K19E TDPUz K19C K196 TDPUz K19B K19F )
10 sec. 10 sec. 10
Scram Reset Sensor Channels
K19AJ_ K19E K19CJ_ K19GJ_ K198
K14A % %KME K14C K14G
Reactor Pr

Fi

K14Af K14Ef

Contacts shown with no scram condition present

Objective 2¢, 4

K14B%%K14F
K14Bi K14Fi K“Df K14Hi

otection System Channels

igure 7.3-7



System Interfaces

Control Rod Drive System

Reactor Manual Control System
Reactor Recirculation System

Neutron Monitoring System

Instrument Air System

Main Steam System

Reactor Vessel Instrumentation System
Primary Containment System

Objective 7



Objectives

1. Ildentify the purposes of the Reactor Protection System
(RPS).

2. Recognize the purpose function and operation of the
following RPS components:

»

»

»

»

»

»

»

»

»

»

Motor generator sets

Alternate power supply transformer

Power transfer switch

One of two twice de-energized to function scram
logic

Scram reset time delay

Scram air header

HCU scram pilot solenoid valves

SDV scram pilot solenoid valves

Backup scram solenoid valves

Alternate Rod Insertion (ARI) solenoid valves



Objectives

Recognize how a scram signal results in control
rod insertion.

List the RPS setpoints which affect the following:
» Scram reset time delay
» Alternate Rod Insertion (ARI)

Describe the loss of power and loss of air fail-safe
features of the system.

. Given a scram signal, select:

» the reason for each
» the conditions which may bypass it
» the reason each bypass is allowed



Objectives

7. Explain how this system interfaces with the
following systems:

»

»

»

»

»

»

»

»

Control Rod Drive System

Reactor Manual Control System
Reactor Recirculation System

Neutron Monitoring System

Main Steam System

Primary Containment System

Reactor Vessel Instrumentation System
Instrument Air System



Are there any questions?
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