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Abstract

Instrumentation and control system is to regulate reactor power automatically and to
perform protective functions to shut down the reactor safely in case of an accident
threatening the reactor safety. If the protective action would not be properly
activated, an abnormal situation might be connected to a significant radiation hazard,
even though a research reactor is maintained at low pressure and low temperature
condition. For this reason, the reactor protection system for the advanced research
reactor will be designed as per the safety design requirements for nuclear power

generating stations.

System classification are suggested based on the HANARO concept. Considering an
international growing tendency toward nuclear safety enhancement and supplement of
the existing one, a revised classification system will be applied to the components,
structures and systems for the advanced research reactor. The reactor protection

system 1is classified to the safety class and the others are non-safety grade.

Based on the HANARO experience, the design guide aims at the improvement of
reliability of safety and achievement of automatic control and signal processing by
digitalization. To satisfy functional diversity requirement, the first shutdown system
adopts a concept of control rod with a stepping motor while the second shutdown
system uses DO dump system. The first shutdown system will use a PLC-type
digital logic processor but the second shutdown system will use a conventional relay
logic for the concept of equipment diversity. The reactor protective function for the
advanced research reactor has a higher reliability by using two different shutdown

mechanism.

Although most of the instrumentation systems, except the reactor protection system
are classified to non-safety grade, some systems like reactor regulation system or
engineered safety feature actuation system selectively adopts the safety design
requirements in order to ensure the safety-related function. All of the system control
will be accomplished by a digital computer techniques and they are networked all

together for comprehensive data display and management.
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# 3-1. IEEE-279%} IEEE-6039]

Fa AAed M

I[EEE-279

I[EEE-603

General Functional Requirements

4.1 o ] ) 6.1 | Automatic Control
— automatic initiation of protective action

Single Failure Criterion

4.2 - Any single failure shall not prevent system-level protective| 5.1 Single Failure Criterion
action.

Quality of Components and Modules .

4.3 o ) ] ] 5.3 | Quality
- Minimum maintenance requirements and low failure rates

4.4 Equipment Qualification 5.4 | Equipment Qualification

Channel Integrity
4.5 - Channels shall be designed to maintain necessary functional| 5.5 | System Integrity

capability under extremes of conditions.
I

Channel Independence ndependence .

4.6 ~ Flectrical isolation and physical separation 0.6 5.6.1 Between redundant portions of a safety system
Py P 5.6.4 Detailed Criteria
. . Independence
Control and Protection System Interaction
e L . 5.6.2 Between safety systems and effects of DBE
4.7.1 Classification of Equipment
. . 5.6.3 Between safety systems and other systems

4.7 4.7.2 Isolation devices 5.6

4.7.3 Single random failure
4.7.4 Multiple failures resulting from a credible single event

5.6.3.1 Interconnected equipment
5.6.3.2 Equipment in proximity
5.6.3.3 Effects of a single random failure




# 3-1. IEEE-279%} IEEE-603¢] <

g AdAled vax (A%5)

I[EEE-279

I[EEE-603

Derivation of System Inputs

4.8 ] ] ) 6.4 Derivation of System Inputs
- Protection system inputs shall be direct measurement
49 Capability for Sensor Checks 6.5 Capability for Testing and Calibration
' - On-power checking of operational availability of sensors ' 6.5.1 Checking the operational availability
Capability for Test and Calibration
4.10 - Capability shall be provided for testing and calibrating 5.7 | Capability for Testing and Calibration
channels and the devices used to derive final output signal
111 Channel Bypass or Removal from Operation 6.7 | Maintenance Bypass
' —Capability to remove any channel during operation 7.5 Maintenance Bypass
Operating Bypass .
412 _ The desi hall b b th he H Tt ] 6.6 | Operating Bypasses
. e e§1gn sha e such t a.t t'e ypas.s‘ Wi e remove 74 Operating Bypasses
automatically whenever permissive conditions are not met.
Indication of Bypass .
4.13 . o . 5.8.3 | Indication of Bypasses
- Continuous indication of the bypass in the control room
Access to Means for Bypassing
4.14 5.9 | Control of Access

— Administrative control for bypassing channel or functions




# 3-1. IEEE-279¢} IEEE-603¢] T & A

[EEE-279 [EEE-603
Multiple Set Points .
4.15 N ) ] 6.8 Setpoints
—Changeability of set points for assuring safety
4.16 Completion of Protective Action Once It is Initiated 7.3 Completion of Protective Action
4.17 Manual Initiation 6.2 Manual Control
. . ) . . 6.8 Setpoints
4.18 | Access to Set Point Adjustment, Calibration and Test Points
5.9 | Control of Access
4.19 Identification of Protective Action 5.11 | Identification
Information Display
58 5.8.1 Displays for manually controlled actions
4.20 | Information Read-Out ' 5.8.2 System status indication
5.8.3 Indication of bypass
5.8.4 Location
4.21 System repair 5.10 | Repair
4.22 Identification 5.11 | Identification
5.12 | Auxiliary features
5.13 | Multi—unit station
5.14 | Human factors consideration
5.15 | Reliability
5.16 | Common cause failure criteria




ddungriFEelet e ojug o] & AE e AEY LHoRE FrfEA
kol AAle] nFo g FAE F JdnE AASE Fojth AR HEAT =gAd
S o Y AdE FAST s S A9, dE Ad Wl ResAs Feste
ow 77I7F nARS AT dAER HAAAT]Te] EIAHA FE T v ol
Zol Ho=glAds ) AdE dAs e AL ddudriE=S fulsks Zo] "u
@ 71719 o] MAsH Y e AFY BIV]sel AAHA ¥RE s A=
He=gAds vdestr Ak b vFstettae Feddngom Qg 27) o
Ad71719] A 1 ThsAdel doer®E 779 YA, 71w vEd T A
aEstefol sttt the Alde FFetE AYAES FHHeR FAstE 2 9] gd
17N EE WHFHA77] Y T AA Fdelgta ¥ 4 Q)

GG F=E A7) s dxAd AATES tE 4 (Redundancy), TS
(Diversity), = #4 (Independence), &) (Coincidence) 55 & 7} Ut} ol¢ &
AAlFGS tdsa ASAAGA N AMA A=A A AA T &
DR AEstal YL 529 FEATEAANE TR A Eepojof s A4l

i

AA g et

o

A AFEAES Agahs 490 axEdols] FEAATZS

As7) 9% AALDe Asstolor shd ool oA [EEE-T-4320] A

&Hel qth £EATRE FEdo R ohieh axEsole] PEe] AW AFL

Tl Mg o golme 2mEsle] AAAA e A ATetA @2

Aol BTG/ Fo T AAT AATEANE Sol ha|A: EEE-379904 4
o

(2) 3% 2] ¢+5(5.2 Completion of protective action)
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(3) ¥4 (5.3 Quality)
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ANSI/ANS-15.8, “Quality assurance program requirements for research reactor’ &
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(4) 717173 %(5.4 Equipment qualification)
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® 41 FpAbast AA S ete] w1

b A

A1 A A&

274 A A &

14 A%

14 A%

A BHEE FIA L

A.1 Slow RIA at low power
(P < 1 %FP)

A.2 Fast RIA at low power
(P < 1 %FP)

A.3 Slow RIA at medium power
(1< P < 55 %FP)

A4 Fast RIA at medium power
(1< P < 55 %FP)

A5 Slow RIA at high power
(55 < P < 100 %FP)

A.6 Fast RIA at high power
(B5 < P < 100 %FP)

196 Log Level Trip
High Log Rate
High Linear Rate
High Log Rate
High Linear Rate

High Log rate

Manual Trip

196 Log Level Trip
55% Linear Level Trip
High Linear Rate
High Linear Power

High Linear Rate

Manual Trip
High Log Rate
Manual Trip
High Log Rate
High CIC Power

High Log Rate

Manual Trip
Manual Trip
Manual Trip
Manual Trip
High Gamma Power

High CIC Power

B. Loss of Primary Cooling

B.1 Primary Pump Failure
B.2 Primary Coolant Pipe Break

Low PCS Pressure
Low PCS Pressure

Low PCS Flow
Low PCS Flow

Low PCS Pressure
Low PCS Pressure

Low PCS Flow
Low PCS Flow

C. Loss of Secondary Cooling

C.1 Secondary Pump Failure
C.2 Secondary Coolant Pipe Break
C.3 Cooling Tower Failure

High PCS Exit Temp.
High PCS Exit Temp.
High PCS Exit Temp.

High RCS Exit Temp.
High RCS Exit Temp.
High RCS Exit Temp.

High PCS Exit Temp.
High PCS Exit Temp.
High PCS Exit Temp.

High RCS Exit Temp.
High RCS Exit Temp.
High RCS Exit Temp.
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F 4-1 7PAbaLel A Reke] BA (A1)

7Hg Ak

A1 A A&

A28 A A&

17 A%

2 AAWE

17 A%

2 AAWS

D. Loss of Reflector Cooling

D.1 Reflector Pump Failure
D.1 Reflector Coolant Pipe Break

Low RCS Pressure
Low RCS Pressure

Low RCS Flow
Low RCS Flow

Low RCS Pressure
Low RCS Pressure

High RCS Exit Temp.
High RCS Exit Temp.

E. Reflector Pipe Break in the
Reactor Pool

E.1 Outlet side of Reflector Tank
E.2 Inlet side of Reflector Tank

High Gamma Power
High Pool Radiation

High PCS Exit Temp.
Manual Trip

High PCS Exit Temp.
High Pool Radiation

High RCS Exit Temp.
Manual Trip

F. Loss of Pool Inventory

F.1 Beam Tube Failure
F.2 Pool Liner Leakage

Low Pool Level
Low Pool Level

High Pool Radiation
High Pool Radiation

Low Pool Level(switch)
Low Pool Level(switch)

High Pool Radiation
High Pool Radiation

G. Fuel Failure
G.1 Fuel Channel Blockage

High FFDS Level

Manual Trip

High FFDS Level

Manual Trip

H. Loss of Electric Power
H.1 Loss of Class IV Power

The lower part of CARs shall be safely dropped
into the core by gravity force as a fail-safe

The reflector dump valves shall be automatically
opened for emergency drain as a fail-safe.

CIC : Compensated Ion Chamber,

FFDS : Failed Fuel Detection System,
PCS : Primary Cooling System, SCS : Secondary Cooling System, RCS : Reflector Cooling System
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T1 T2 T3 P1 P2 P3 F1 F2 F3

2/3 2/3 2/3

A= A

(a) =5 &A% (Local Coincidence) =2 7Id %=

T P1 F1 T2 P2 F2 T3 P3 F3
| |
1/N 1/N 1/N
2/3

AA= A=A
(b) 23 %A 4 (General Coincidence) *=g @ %=

a¥ 4-2 A A=Y HE=E

=5 A = 5HA4 ® 7lsAE o SHdME T A =dEY &
23k Sol ARt 37) AE=RFE e ATt shue] dd WelA 2/3 =8 S wEolok
stz A 2 ool dn TF A =de e Adiiess EF
=2 &, OR =2 & vte7] "o AAEA7} 4. F9 &

o

Bed A= At 9de F Ak oA
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suggested based on the HANARO concept.
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System classification are

Considering an International growing tendency toward nuclear
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safety class and the others are non-safety grade.
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