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Biografi :

Nama Lengkap : Ikhsan Shobari, M.Eng
NIP : 19730808 199803 1 005
Jabatan : Perekayasa Madya
E-mail : ikhsan.shobari@brin.go.id, ishobary@yahoo.com
No Telepon/HP : 085228074065
Afiliasi : PRFN - BATAN, Maret 1998 - Februari 2022
DPFK - BRIN, Maret 2022 -
Pendidikan : DIl Teknofisika Nuklir, PATN - BATAN, 1997.
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S2 Teknik Elektro, UGM, 2014
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Pelatihan Operator Reaktor Non Daya, Pengembangan Kopetensi BRIN, September 2023.

Pelatihan Teknisi Perawatan Reaktor Non Daya, Dir. Pengembangan Kopetensi BRIN, Juni 2023.
Pelatihan untuk Pelatih (TOT) : Penyiapan Bahan Ajar, Pusdiklat — BATAN, Februari 2019.

Pelatihan Digital Radiography, Pusdiklat — BATAN, November 2018.

Pelatihan Alih Teknologi Akselerator Elektron, Pusdiklat, PRFN — BATAN, September 2018.
Pemrograman SBC Raspberry Pi untuk Aplikasi Perangkat Nuklir, Pusdiklat, PRFN — BATAN, Mei 2018.
Training Course on Reactor Engineering and Safety Il, Pusdiklat — BATAN, Agustus 2017.

Pelatihan untuk Pelatih: Teknik Mengajar, Pusdiklat — BATAN, Februari 2016.

Training Course on Reactor Engineering and Safety |, Pusdiklat — BATAN, Oktober 2015.

10 Pelatihan Operator dan Supervisor Reaktor Kartini, Pusdiklat, PTAPB — BATAN, Juni 2008
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Dalam rangka pengembangan pengetahuan sumber daya manusia di
bidang instrumentasi nuklir, khususnya bagi operator reaktor dan
supervisor, perlu dilaksanakan suatu pelatihan yang berkaitan dengan
Sistem Instrumentasi dan Kendali.

Program pelatihan ini dipandang perlu untuk meningkatkan
kemampuan operator dan supervisor dalam mengoperasikan suatu
reaktor.
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Meningkatkan kemampuan para peserta dalam penggunaan perangkat Sistem
Instrumentasi dan Kendali

Tujuan Instruksional Umum

a. Mengetahui prinsip kerja sistem instrumentasi dan kendali reaktor
b. Mengetahui prinsip sistem keselamatan reaktor

c. Mengetahui fungsi dari NLW-2, NP 1000

d. Mengetahui jenis-jenis detektor dan aplikasinya

Tujuan Instruksional Khusus

a. Peserta dapat melakukan pengujian mode kalibrasi perangkat NP-1000

b. Peserta dapat menjelaskan prinsip terjadinya scram dan tindakan antisipasinya
c. Peserta dapat menjelaskan batasan-batasan parameter pengoperasian reaktor

> bangga
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Pengantar

2008 — 2021
Penggunaan Panel Diagram Alir Penggantian Panel d.iz.;]gram Alir
01 Berbasisis Komputer PC AT 486 (J 3 Penambahan FaS|I|t.as IRL 05
Teknologi Analog dan Digital Penggantian DAQ (dari PC ke NI

CRio)
IP Kamera Monitoring

1979 — 1992

Penggantian Panel Optimasi Fasilitas IRL
(J ) lagram Alir 04 Penggantian Detektor FC

Tampilan parameter - Penggantian Parameter DAQ berbasis 10T (IRL & B@LIS)

cetak grafik Informasi Proses dengan
Teknologi analog yang digital Up Grade SIK berbasis PLC
Re-wiring interkoneksi (KaDalin, KaDalog, Subrack RPS, Kendali,
Mengaktifkan Auto Start/Shut Down,
Ref1,2 Add on Modul Praktikum)

BerAKHLAK  F5o99e . #INOVASI
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Instrumentasi dan

@ Sistem instrumentasi dan kendali (SIK) reaktor
Kartini dirancang untuk memberikan indikasi
seluruh keadaan tingkat daya dari level
sumber, reaktor start up, daya tetap dan
““““ i R reaktor dalam kondisi shut down.

| » Metode perlindungan kegagalan sistem

S ."" =/ proteksi menggunakan metode diversiter
‘ BH / ‘ yaitu daya diukur dan dideteksi kegagalannya
oleh Kanal Daya Logaritmis NLW-2 dengan
detektor Fission Chamber (FC) dan Kanal Daya
linier NP-1000 dengan detektor Compensated
lonization Chamber (CIC).

bangga
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=  Optimasi Fasilitas IRL

= Penggantian Detektor FC

= DAQ berbasis loT (IRL & B@LiS)
= Up Grade SIK berbasis PLC

(KaDalin, KaDalog, Subrack
RPS, Kendali, Mengaktifkan
Auto Start/Shut Down, Add on
Modul Praktikum)
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Subrack
Kendali

Subrack
Proteksi

Detektor
< _— FC

e (o]
e[ J@ @
Detektor

CIC
Sub Rack
NP1000
Analog I/O0
Digital I/O

| Reactiviy |

Komputer
®@ @ ©

] ——

Batang Kendali
Pengaman

Batang Kendali
Kompensasi

[}
Batang Kendali
Pengatur

Crio, Komputer @her
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Rack Instrumen SR4 b
Reactivity . B R I N
58S o S QW i o
[ ] kadaLIN
HV, % Power Rangk Subrack
Sub Rack ’ g
NP1000 Trip > Proteksi - HHHN EEN
B [ —— u_ mEm
N N J ny; Power Supply
N N % I;ower Manual Scram HEE IEN
Arus Pulsa e e[ 00 Serfeck Kay Switch Keyboard Operasi
| ] Manual
] N LW-i
Power | Power " '
Lin Log 1 Periode
\4
Isolation Amp »>| PCL812PG > PC RS232 to USB, PC le TCP/ ~ PC
PCI Slot SLAVE MASTER ) B@LIS
1t Yo o P P o
Power : —— . OS Windows 11
PA Dot DOS 6.22 OS Windows 10 R
PLC
CRDM : : TCP/IP
Electro Crio1l = Crio 2 10.5.4.1Xy
T T] magnet PLC
Detekidr A/l Pos Holder 14—20 mA T 4-20 mA
Fe Isolation Amp Suhu ATR Debit Demin
CRDM Sensor 1 : Suhu Inp HE Plat Primer Sensor 8 : Suhu ATR
Motor Sensor 2 : Suhu Inp HE Tube Primer Sensor 9 : Flow Plat Sek
Sensor 3 : Suhu Out Primer Sensor 10 : Flow Tube Sek
Sensor 4 : Suhu Out Plat Sekunder Sensor 11 : Flow Primer
BK Sensor 5 : Suhu Out Tube Sekunder Sensor 12 : Suhu IFE
. Sensor 6 : Suhu Inp Tube Sekunder Sensor 13 : pH
Kompensasi Sensor 7 : Suhu Inp Plat Sekunder Sensor 14 : LevelL ATR
4 bangga
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Flowmeter Primer 4-20 mA
Sekunder Plat 4-20mA
m Sekunder Tube 4-20mA
4 | Demin 4-20mA PLC
Thermocouple Ring B Bahan bakar Tegangan (V) AT~ A pV ( micro Volt per derajat C), Penguat ~ 1 M,
Rentang perubahan Suhu, minimum sampai
maksimum
A pV masih dalam rentang resulusi ADC ( Y/T)
Ring B Bahan bakar Tegangan (V) AT~ A puV ( micro Volt per derajat C), Penguat ~ 1 M,
Rentang perubahan Suhu, minimum sampai
maksimum
A pV masih dalam rentang resulusi ADC ( Y/T)

7 Ring B Bahan bakar Tegangan (V) AT~ A puV ( micro Volt per derajat C), Penguat ~ 1 M,
Rentang perubahan Suhu, minimum sampai
maksimum
A pV masih dalam rentang resulusi ADC ( Y/T)

Thermocouple Ring F Bahan bakar Tegangan (V) AT~ A uV ( micro Volt per derajat C), Penguat ~ 1 M,

Rentang perubahan Suhu, minimum sampai
maksimum

A pV masih dalam rentang resulusi ADC ( Y/T)

) ngga
| sistem Instrumentasi dan Kendali BerAKHLAK 258, hiNovas|
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Parameter

| 12
| 13 |
| 14
| 15 |
| 16 |
i
| 20 |
21

SIKA
Temperatur

Level meter

Manometer

Ring F Bahan bakar

Ring F Bahan bakar

Muka tangki
reaktor

Out HE Plat

In HE Plat

In HE Tube

Out HE Tube

In HE Primer

Out HE Primer plat
Out HE Primer Tube
Muka tangki

Hall reaktor
In Blower

Tegangan (V)

Tegangan (uV)

4-20mA

4-20mA
4-20mA
4-20mA
4-20mA
4-20mA
4-20mA
4-20mA
4-20mA

AT~ A pV ( micro Volt per derajat C), Penguat ~ 1 M,

Rentang perubahan Suhu, minimum sampai
maksimum

A pV masih dalam rentang resulusi ADC ( Y/T)
AT~ A pV ( micro Volt per derajat C), Penguat ~ 1 M,

Rentang perubahan Suhu, minimum sampai
maksimum

A pV masih dalam rentang resulusi ADC ( Y/T)
Tidak Aktif (cadangan DS18)

Keluaran sensor tegangan 0-5 VDC, konversi Autonics
CN6001-C1

BerAKHLAK  medyani B A
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Manometer

pH ATR

Posisi batang
kendali
Pengaman
Kompensasi
Pengatur
Penunjuk daya
Linier
Logaritmic
Periode

Out blower
In-out blower

Teras reaktor
Teras reaktor
Teras reaktor

Ruang kendali
Ruang kendali
Ruang kendali

Tegangan 0-5V
Tegangan 0-5V
Tegangan 0-5V

Tegangan 0-10 V
Tegangan 0-10V
Tegangan 0-10 V

Pembagi Tegangan / Penguat
Pembagi Tegangan / Penguat
Pembagi Tegangan / Penguat

Pembagi Tegangan / Penguat
Pembagi Tegangan / Penguat
Pembagi Tegangan / Penguat

BerAKHLAK
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CFUE24
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Fission chamber for in-core use
Wide dynamic range

Application Features
e Detection of thermal neutrons in a flux range of o Watertight stainless steel structure
2 12 2 -1 L . . .
10°to 10" n.cm™.s e Integral high immunity, mineral insulated cable
* In-core measurements (up to 400°C i -
(up ) uranium 24 : 0,015 gr =
uranium 08 : 0,985 gr CFU L08
>
y 4
’ L] -
Nuclear characteristi F h b f t- f-
uclear e 8 o Notes. ISSION Champer 1or out-or-core use
Sensitivity to Pulse mode 10 .5 fnem™.s N ) } .
1 X =73 T 1 5 Values depending on the characteristics and the calibration
thermal neutrons Fluctuation mode 4“_1]_? AHz -"‘_';'C_T 5 of the measurement equipment. The pulse sensitivity is .th H t I bI
Current mode 10 A/n.cm”.s calculated from the (a-neutron) discrimination curve for a WI I n egra ca e
Neutron flux ranges Pulse mode * 1-10° nem st discriminating threshold corresponding to a counting rate of
B 1
Fluctuation mode 10° - 3x10™* n.em”s™? 00Lcs
Current mode * 10— 102 nem st ? pulse mode operating range for a measurement equipment Application Features
- - ith luti horter than the collection time of th . . . PP
Gamma sensitivity 0% AfGyh™ :gtec:orrem wiion shorier than the cofiection tme 5 ¢ Detection of thermal neutrons in a flux range of e High sensitivity
Exposure limits Thermal neutrons * max 2x10°° n.em” i 0 -2 1 :
P Gamma exposure max 10° Gy * Current mode operating range: the lower limit of the current 1t0 10" ncm™.s . Ve ry hlgh Safet‘;‘ of use
T 5 mode operating range depends on the electronics (specially . ) . Also available in a LOCA-proof (Loss Of Coolant
Gamma dose rate max 10 Gy.h on the input amplifier) and on the signal / parasitic current uranium 24 : 0,015 gr . . p (
ratio Iirasiﬁc current = Ieakaie current + iamma current + uranium 08 : 0,985 gr ACCIdEI'It] version
Nuclear characteristic
Sensitivity to Pulse mode 1 C s’Lfn em?st Notes.
. i e T P Y * values depending on the characteristics and the calibration
thermal neutrons Fluctuation mode Ax10 A" Hz /n.em™.s of the measurement equipment. The pulse sensitivity is
13 Z 1 !
Current mode 2x10 Afn.cm”s calculated from the (alpha, neutron) discrimination curve for
Neutron flux ranges Pulse mode * 1-10° nem>s™t a discriminating threshold corresponding to a counting rate
- - -1
Fluctuation mode ° 8x10° - 2x10° | n.cm™.s™ ofles™.
Current mode * 10°- 10" nem st * Pulse mode operating range for a measurement equipment
Gamma sensitivity 7x10° A/Gy.h'i \:i;h ? resolution shorter than the collection time of the
Exposure limits Thermal neutrons ° max 2x10' n.cm” srector.
P 6 ® Fluctuation operating range measured on equipment with a
Gamma exposure max 10 Gy 10 30 kHz band pass
Gamma dose rate max 10° Gy.h™ 1

Current mode operating range: the lower limit of the current

ban
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Posisi Batang Kendali (Ten Turn)

| Limit Switch (Fully Up/Down)

0 TR~ o .

’ ‘ ."‘!‘ 3 batang kendali 2 - R -

N ‘ ‘ . l § Limitswitch/microswitch batas | ~ ! ] = :
atas dan batas bawah ada di

‘ ‘ »» \ h;www - “ " ' dalamnya (tertutup cover)
‘ oW - BYN 0091 1

bangga
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SR-REACTOR PROTECTION
SYSTEM (RPS)

SR-CONTROL ROD
(€R)

SR- ANALOG & DIGITAL
/0
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RKU Ruang Kendali Utama Rack
( Console) Instrument

Teras Reaktor

> bangga
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Posisi :

BK Pengaman : ring C-5,
BK kompensasi : ring C-9
BK Pengatur : ring E-1.
Material :

Bahan Aluminium yang
mengandung bubuk Boron
Carbide (B4C), sedangkan BK
Pengaman berisi grafit dan boral

Ukuran
Diameter : 2,5¢cm
panjang :51 cm

> Lbangga
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AW

\ 4
PC PCL812pG | [ moror 4 T
RODA
1\ atat

115V ac

- <—ELEKTROMAGNET

= 1IMF

L

DN
- I - . I. BATANG KENDAL!

Sistem penggerak batang kendali

Sistem Instrumentasi dan Kendali

TUTUP
POTENSIOMETER

>
SO
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MACGNET URAW TUBE

KOD DOWN LIMIT SWITCH

FULL-ROD SPRING

MOTOR COVER

MAGNET WIRE CONDUIT

MAGNET DOWN
ADJUSTMENT SCREW

MOTOR BIAS ADJUSTMENY

CENTLR SWITCH
MOUNTING PLATE

/MAONET WIRE CONDUIT
MAGNET UP LIMIT SWITCH

ADJUSTMENT SCREW

POTENTIOMETER COVER

USH ROD

BLOCK

PULL-ROD HOUSING

PULL ROD
LOCK NUT

Foor

e BARRE L

MAGNET DRAW TUBE

| e UAGNET

ARMATURE

CONNECTING ROD

12
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+12V
_ B3
3_*/““"' +12V L.y pcal
_______________ ‘
[ ] B
RL6Y RL6Y RL6 ; i '
1
: : ' Yowem
RL1¥ RLZ} m\? | md %I Iilm ﬁa ,' L _ _|uP-1000
| ' A
F ! ' '
lorig porzfy POTS : : : \
1 | ! ]
: ! O Scramy Scramf Scram ! [
L "KEY Reglg Safety|g Shimlg | ) \
] I
Eml? Em2 Em3 SW!TCH | \
I 1 ]
1 1
R T R T b :
= |
v, &
P
L - i
!
Lampu (X)) : [ drus s
'
1
| EESECES

Sistem pemegang batang kendali

>
BerAKHLAK
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Spesifinasi Teknis Ne. PRUZ01
Sistem Instrumentas dan Kendali
. Spesifikani Teknis No. PD/02/01 : n.mx.u:? . Rev. 2

( Sistem Instrumentasi dan Kendali e
v ReaktorKartini Rev. 2 Proyel Upgroding Hal: 27dark: 27
E Sistem Instrumentasi dan Kendali

Tim Upgrading Proyek Upgrading Hal:23 dariz 2 Reaktor Rarting

Sistem 1&K Reaktor Kartini Sistem Instrumentasi dan Kendali I ¥
S.K Dirjen BATAN na. Reaktor Kartini
A74DINXI993 - GENERAL ATOMICS - USA

GENERAL ATOMICS - USA

NOTE; ROMIWE SCREWS N END OF BLOCK

* Motor pengerak batang Kendali %) SANE RECKSS 1O BANVE LN

Pembuat : Bodine Electric Company, USA

LT CREWS ——-]
Tipe KC1-22T4 | Wwpes
Ims 7:::u M XORAh e B . MEGNCT DRAw TUBE
Torque : 95 e
Kecepatan putar - 9 rpm = SRCIPR.S
= sTUD
« _Indikator posisi batang kendali oy b r
Nama | Posisi tegangan pada [ indikator batas . I
Batang M Haﬂﬁm‘ min‘max BOCINE K233
Kendali | kendali tap utk indikasi : . worea
dalam teras | posisi(Volt) -
Pengaman | 0% 0.70 kontak mecro- ), \ 2 /';/:
wwitch MCE 616 05\ | 808 TON W
g':‘c 7 bawah ZaaLL BEARNGSY Pindn CEAN 7
100 % 4.28 kontak micro- % MAIN BLOCK T
swifch atas ON L NOUNT .y
Kompensasi | 0% 078 kontak micro- LA UL NITOR CAN
go:ch bawah on BiRACL KT FLANGE
100 % 430 kontak micro-
swiich atas ON A
Pengatur 0% 0.68 kontak micro-
switch bawah CNTASL-ASO WOUNT
ON
4265 kontak micro.
swireh atas ON Rod drive moclhonisny (detall)

ban
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Ja-24
Ground Digital
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Ja-25
Ground Analog

i
t

,_
,_

1a-8

Scram Pengatur

Ja-9

Ja-10
Scram Pengaman .

Scram kompensasi

J2-3
J2-1

Reset Trp

°_\
°_\

Lampu Reset
Trip

_I_
_I_

-III—O_I_

J1-3 J4-13 14-23

Ja-5

Pengaman up

Ja-20
Indi pmup

Ja-6
Kompensasi up

q

L

Ja-3
sasi

Kompensasi

Ja-21

(-

Indi komp up
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Trip yang diakibatkan dari pembacaan detektor

e Trip Catu Daya Tegangan Tinggi CIC
Memonitor jika terjadi kegagalan tegangan tinggi yang
digunakan untuk mencatu detektor CIC pada NP-1000
Percent Power Channel

e Trip Catu Daya Tegangan Tinggi FC
Untuk memonitor jika terjadi kegagalan tegangan tinggi
yang digunakan untuk mencatu detektor FC pada NLW-2

* Trip periode
Terjadi trip bila periode kurang dari 7 detik pada NLW-2

* Trip aras sumber
Untuk memonitor apakah sumber netron sudah berada
pada tempatnya. Trip terjadi bila sumber netron tidak
berada pada tempatnya atau bila pulsa dari penguat awal
(pre amplifier) kurang dari 0,9.10-7% daya pada NLW-2

* Trip daya maksimum
Trip ini bekerja bila daya reaktor menunjukkan 110% pada
NLW-2

* Trip manual yaitu: penekanan tombol SCRAM, pemutaran
KUNCI OPERASI dan monitoring catu daya 12 Volt jika
terjadi hubung singkat dengan ground

* Sinyal RESET untuk mulai menjalarikan realdQdga
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RPS (Sistem Proteksi Re

Kanal Daya

Linier
WP-1000

HV-CIC

Daya maksimum

Komputer I
PC 80386

Waich-Dog

HV-Trip

Kanal Daya Aras sumber

Log.
NLW-2

Dava maksimum

Perioda

OR-2

.RESETTRIP

.Ma.nu.a.l Scram batang-kendali
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Key swiich
L

.Catu Daya 12V

|
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Parameter Trip Scram dan Alarm
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Parameter
penginisiasi signal

Type of disturbance

Untuk aktuasi
‘SCRAM’ dan
‘ALARM’

Gangguan pd saat

start-up dan

operasi daya
konstan

Kenaikan
batang kendali

secara tak
terkendah

Gangguan pada
komputer
penampil

keselamatan

Kegagalan
fungsi pompa
pendn‘ 1gin
primer

Kebocoran
pada sistem
pendingin
primer

Kegagalan
fungsi pompa

Flux neutron <
min.

INTER-
[LOCK

Flux rate > max

SCRAM

SCRAM

Tegangan tinggi
detektor n > max.

SCRAM

Daya reaktor >
max

SCRAM

Watch dog timer pd
komputer > max.

SCRAM

Laju alir pendingin
primer <min

Tinggi permukaan
air tangki reaktor <

min

Suhu bahan bakar
pd Ring B. > max

Suhu pendingin
primer. > max.

| sekunder <min.

Laju alir pendingin
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(& MackerelHost V2.6.vi

File Edit Operate Tools Window Help

2@
. . . A
Kartini Reactor Information Computer ¥, DatabaseActive | Start-Up | Shutdown B Stop
Overview Reactivity Control Temperature Radiation Counter Power Cal. Setting - E
Power Meter Reactor Vessel Parameter Reactor Cooling System Parameter
Lin Power  LogPower || Period Shim Rod Tube HE System =
1- g 12E+2= 30- o In Resistance
Safe Rod Regulate Rod | 1555 | mokmem
09- 1E+1- 25- Prim In Temp Sec In Temp
~ Out Resistance pl’y ==
1E+0- 20- 21c 21.5|~C
0.8- 18.25 | MOhmCm
1E-1- 15-
07- 1E-2- . ) -y
10- RWT Temperature
06 1E-3- 2 — ()
=y b o
1E-4- A7 -
-~ o RWT Level
1E-5- 143 | cm Sec Out Temp  Sec Flow
L2y 16-6- i 312|% o|um
03- 1E7- -10- 6.6
15-
02- 1E-8- Prim Out Temp Plat HE System L]
1E-9- -20- 211] %
= 1E-10- -25- Prim In Temp Sec In Temp
Prim Flow 275|°¢C 285/°C
0- 1E-11- -30-1—= ol Um
olfw | 15e-8|kwi || inf|ls )
Reactor Status . 5
Demin Flow IFE Temperature Sec Out Temp Sec Flow
) 0/GPM 285 % 294] % 365|Um
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[ MackerelHost V2.6 — 8 x [ MackerelHost V2 6.vi — = H
File Edit Operate Tools Window Help File Edit Operate Took Window Help
220 = 500
Kartini Reactor Information Computer @, DatabaseActive|| Start-Up || Shutdown |. Stop l Kartini Reactor Information Computer ¥ DabuseActive| StartUp | Shutdown B Stop
Overview  Reactivity Control  femperature  Radiation Counter  Power Cal. Setting Overview  Reactivity Control  Temperature  Radiation Counter  Power Cal. Setting

Reactivity

-18893  $

Start Akuisisi

ban
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Sistem Informasi

& MackerelHost V2 6.vi — X & MackerelHost V265 = '%
File Edit Operate Took Window Help File Edit Operate Tools Window Help
IEI *2@
Kartini Reactor Information Computer ¥ DambaeActive StartUp | shutdown M Stop Kartini Reactor Information Computer ¥ DatabsseActve Start-Up | Shutdown Ml Stop l
Overview Reactivity Control lemperature  Radiation Counter Power Cal. Setting Overview Reactivity Control Temperature  Radiation Counter Power Cal. Setting
[ Radiation Exposure ‘ .
o et Hall Counter Pneumatic Counter
Demineralizer Sub Critic I
Column Thermal Bulk Shielding

ban
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& MackerelHost V2 6.vi - a @] MackerelHost V2.6.vi - X
Fle Edt Operate Tools Window Help File Edt Operate Took Window Help =]

500 S0
Kartini Reactor Information Computer ¥ DatsbaseActive| Start-Up | Shutdown | M Stop Kartini Reactor Information Computer ¥ DambaeActive StartUp | shutdown M Stop
Oveniew  Resctiviy ~ Control  fempemsture  Redistion  Counter  PowerCal.  Setting Oveniew  Resctiviy  Contiol  Tempemture  Radiotion  Counter  PowerCal  Setting

|

Sensor | Sensor Il Sensor Il com3 o ‘Mysq, ‘ ‘dhmcm

%88 % %876

0 0 Of =OWOCON EOXO 0 0D EOG0OE @ Serial Parameter SQL Format

28.86- 28.98-] 28.74-| baud rate

281 nes 87 Bifnso )

2.8 - 87- e

%) m-___ U 2894 Um- E”ﬁ
BENRS P Rt e e RS 2892~ parity

278~ 2866~ Ao |

. - o — [ Program Monitor ]

R e S —

SO 100 150 200 250 300 30 40 450 SO 100 150 200 20 300 30 40 450 0 S0 100 150 200 250 0 30 40 430 fo— i
Time Time Time Matching State
Bl o
T
Temp. |2881 ¢ Temp. |29 O Temp. |28.69 ©c e — s o S e S .
— 0
Slope |1.351E-5 |°C/S Slope | -4.678E-6 oc/s Slope | 5.948E-5 oc/s Computation Time
Jo
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[ MackerelHost V2.6.vi - o X TR 200em
File Edit Operate Tools Window Help
0@ 5 B IRL-BRIN X & File Labview Copy - Google Dri: X Untitled spreadsheet - Google X > AQUISITION DATA GAMMA AR X = + v
. . . [ ) A = R § n _ , - P v oA —
Kartini Reactor Information Computer ¥ DatabaseActive | Start-Up | Shutdown Ml Stop € 2 C O 8 1054102021/deshboard/#}’socke w9 © &g HE =
Overview Reactivity Control Temperature  Radiation Counter Power Cal. Setting ¢ 2 3 s g
AQUISITION DATA GAMMA AREA MONITOR REAKTOR KARTINI
Primary Secondary
DECK REAKTOR COLOUMN THERMAL BULK SHIELDING DEMINERALIZER

PUMP 1 Cooling Tower 1

PUMP 1

o m ‘ StartP1 | Stop Pl ‘ Start CT1 m ‘
PUMP 2 PUMP 2

Start P2 m ‘ StartP2 Stop P2, ‘ Start CT2 m '
PUMP 3

DEMIN , ;
strtoenin. stopoemin, @ Senrs ustopps @

VED Frequency (0-100%)

o _lg

Cooling Tower 2
CONTROL ROOM SUB KRITIK
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File Edit View Project Operate Tools Window Help

DAYA DAN BATANG KENDALI
Daya B.K.Pengaman

PENDINGIN PRIMER TANGKI REAKTOR
FlowPrimer Tin Plat Primer Level ATR pH

0 30.9993 18.762 6.60008

B.K.Kompensasi = B.K.Pengatur Tln Tube Primer = TOut Primer Suhu ATR Suhu [FE
[0 Il \ [008r || | |[30212 | [0 || | |[30006 |
PENDINGIN SEKUNDER PAPARAN RADIAS|
Flow Sek. Tube Tlin Sek. Tube TOut Sek. Tube Deck Reaktor Column Termal Bulk Shielding
0 205685 30.0151 0 0 0
Flow Sek. Plat Tln Sek. Plat TOut Sek. Plat Demineralizer Control Room Sub Critic
o Il | [zeaz | | |[zenz | CE R \
DEMINERALIZER SISTEM VENTILAS|
R In Demin R Out Demin Pln P Qut
18.25 18.25 0 0
Flow Demin Blower 1 Blower 2

]
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on System 18 x]
File Edit View Analyse Settings Tools Window Help
NVR 4.0 e 3 1 =T N O =T e e e S R S =
£ stations: General Information e B [=] =9} | B GeoDaS Logger ] (o) x|
Station | Code | Instrument | ChannelType |  StatusUpdated | vokage | Current Activit: 1| [oa: 26 Socket Dispatcher has been launched (=]
% & TBRGAZ EO08  GSD-24  Direct Link (COM2)  08.09. 46 AC, DC=13.46V Tdle, not connected 08 26 Logger is ready for the network communication
Channel Target Dete @BUYAD E0S  GSD-24  Direct Link (COM2)  bc=13.39v 1dis, riokt connected 08 26 Emailer is ready for the network communication
#FARGE EO3  GSD-24  Direct Link (COM4) AC, DC=13.32% Idle, not connected 08, 26 The System Emailer is ready for the network communications. I
WHYHRE E04 GSD-24  Direct Link (COM4) 13.21v Idle, not connected 08, 26 Email Manager started _
WHYBAD EID  GSD-24  Direct Link (COM2) 12.36v 1dle, not connected o 25 System Chacker s eedy forlio e wior comm meation
#®TUZOL EO2  GSD-24  Direct Link (COM4) 13.16v Idle, not connected 2 10 Susten U IR T
@YLYHY E07  GSD-24  Direct Link (COM4) 13.75v 1die, not connected s 25 Fle noerli thsif for the heiods commntricsion
. g 03.03. 2006 10:20:26 Strong Motion data manager launched
08052006 102 20,26 WRN> SM Manager. No staions configured
e S Channele = 031 6 Commurication List View has been initialised
;- ESerial Communication LHRGHE S =101 11| 0503 26 Monitor is ready for the network communication
Port Baud Owner Calls Injout | _togins [ Erors Status 0809 2006 10:20:26 Recorders List View has been initislised
pNeur ( @S\ COMZ 115200  <HYBAD>+2 NANA 0 0 Receiving datastream gg»gg-gggg }3-20-35 S:::s:_-cs = lkee'd» lo}: lhi nslvg;‘:i_a ol nicabioo
@DS\COMd 115200  <YLVHY>+3  NA/NA o 0 Receiving datastream o2 slics List Wiew has heen nfiaies:
@DSNCOMI 9600  EW ALARM N»‘flu 3 o ‘active commaction it Bl sl Cr i L R R R ) ~
ke < 2z
R o=
i Station and Stream Format Block Time | GPS status | LostData (%) | Trigger | DC Offset Amplitude [ ‘Start Time. Files. I Size. [ c
This station does not have active data streams but some old data files are available 07.07.2005 00:34:00 48 26.5 MB =S|
3ch24bitS0sps  08:58:50 Locked o ROV 20445 -2403 -14375 34 29 29 22.08.2006 00:49:00 1062 326.6 MB <
® @, FARGE  3ch24bitSOsps  08:58:50 Locked o ROY -4020 2600 -3145 67 72 67 22.08.2006 00:41:00 1140 775.7 MB <
- @) BRGAZ 3ch24bitS0sps  08:58:50 Locked a RDY -788 -186 -7798 866 06.09.2006 13:27:00 1092 353.1 MB <
- @, TUzZ01 3ch24bitS0sps  08:58:50 Locked o RDY -509 -17000 -10935 12127 22.08.2006 00:43:00 1146 779.6 MB <
- @ HVHRE 3ch24bitS0sps  08:58:50 Locked 3 RDY -4877 -2154 -2949 63 27 34 22.08.2006 00:49:00 1140 774.9 MB <
£ @\ HYBAD  3ch24bitSOsps  08:58:50 Locked o RDY 4277 -446 -1297 8 10 29 22.08.2006 00:12:00 1056 278.8 M8
24 bit 50 sps 08:58:50 Locked o ROY 4277 8 352 92.9MB
| At hit SR ens  asesReEn P a onv —ssa n 22 a8 2ans a1 2o0n a5z 225 :f
< 3
File Name [ slocks [ ouration [ LostData 4] File: TUZD1_CHO_20060822_135455.DAT_Start: 22.08.2006 13:54:55.020 Length: 1:00:14 (180738 at 50 sps)
B Tuzo1_cro. a2 1:01:05 3% [ Peak: 0.0000763 g at 14.14.:30 ]
B Tuzo1_cHo 73 1:01:06 3% :" 0.00000 i i 7 RO Ty ali SR H 1 |
B oo cro.. 47 10039 2o SaTr e | drmieeipucf N FEAS i ‘
B 1uzo1_cHo... 40 1:00:36 2% ~| 13:50 14:10 14:20 14:30 14:40 Time 15:00
22 Data Stream Monitor =]
1 second
AT
po i @} B&
i 2 AddjRemave channck... 1 EEEHRPERIU RS B i At BB s A Rt
4 ' Countdown Time...
Redraw Monitor
Syncronised Display —
Auto Scale Channel e A St Aot o s B b ol R b
Keep Current Scale | station: YLHV )]
Set Channel Scale...
Remove This Channel
Send Testpulse
EEE R A Al soksont it ot
Sl Sl ST
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Instrumentasi dan kendali Reaktor Kartini terdiri dari :

a.
b.
C.
d. Jawaban a,b dan c benar

Panel indikator, layar peraga dan teras reaktor
Perangkat ukur, perangkat kendali dan perangkat keselamatan
NM 1000, NP 1000, dan NLW-2

Apa yang dimaksud dengan perangkat kendali reaktor?

a.

b.
C.
d.

Peralatan untuk mengendalikan daya reaktor dengan cara menaik-turunkan batang kendali, baik secara manual maupun
otomatis.

Peralatan yang dapat digunakan untuk memadamkan reaktor secara seketika

Peralatan yang dapat memberikan sinyal alarm kepada operator reaktor

Jawaban a,b dan c benar

Berikut hal-hal yang dapat memicu SCRAM pada Reaktor Kartini, kecual

a.

b.
C.
d

HV CIC trip

Watchdog trip

Daya maksimum trip NP-1000
Periode trip NLW-2
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Sistem scram merupakan bagian dari sistem proteksi reaktor Kartini, berikut ini kondisi manakah yang dapat
menyebabkan reaktor scram?

a. Laju aliran pendingin sekunder

b. Suhu air di menara pendingin sekunder

c. Penurunan level air tangki reaktor

d. Kenaikan daya NP1000 lebih besar atau sama dengan 110%

Pilinlah penyataan yang benar
a. Detektor CIC terhubung pada NP 1000 dengan data berupa arus
b. Detektor CIC terhubung pada NLW-2 dengan data berupa arus
c. Detektor FC terhubung pada NLW 2 dengan data berupa arus
d. Komunikasi slave PC ke master PC menggunakan protokol komunikasi TCP/IP

Implementasi metode diversiter pada perlindungan kegagalan ditunjukkan pada:
a. Pengukuran suhu di 3 posisi pada bahan bakar.
b. Pengukuran laju paparan radiasi di beberapa posisi di reactor Kartini
c. Pengukuran daya menggunakan NLW 2 dan NP 1000
d. Adanya NI CRio menggantikan computer leher dengan embedded system
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Operator reaktor Rukimin dan Sudiono dengan senyum
saling berjabat tangan setelah Reaktor Kartini
Pengujian SIK reaktor menjelang uji coba mencapai kekritisan, di belakang Tim Instrumentasi
pengkritisan (Dok. Rukmono, 1978). dan Fisika Reaktor, Rill Isaris dan Hudi Hastowo, juga
saling berjabat tangan. (Gambar diambil
sekitar 2 jam setelah reaktor kritis) (Dok. Puslit GAMA)
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3 TAHGKI REAKTOR (2]

Pengaman Kompensasi Pengatur

BEE EEE K
Level ATR .['Ji][ﬁ]
.l g “
B
B b K o
i i B
= [T -Z
HE
- \ ‘ ‘ S —a
Suhu BB -
i )
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r bl
ﬁ (SRSRT] \ qu ListStartUp
CHECK LIST START UP
No.: Tal.: 20/11/2008
Pompa Primer-2 I. SISTEM SAMPING Il. REAKTOR Il SISTEM INSTR. dan KENDALI
1. SISTEM PENDINGIN PRIMER: | | POMPA Teras reakior 1. PENGUWIAN :

a. Dava LCR (posisi1,2,3)

R Debit pendingin primer : GPM Lampu reaktor "
Debit Pri. Suhu In.fHE) .
Debit Demineralizer : GPM Sumber netron b Dayf'a Camphfel! (posisi 4,3.8)
. o c. Perioda (posisi ALY
. Suhu sir 1N (HE) C Bz pott . .
Fompa Primer-1 OLIT (HE) . oc Valom thermal d. Dava liniet (posizsi CAL)
Tahanan air masuk : M.0Ohm/cm 2. PENGECEKAN PANCUMG dan INTERLOCK
air keluar : M_DOhm/cm FPengaman  Kompengazsi  Pengatur
Suhy OUHEY pH air tancki reaktor : Manual
Level air tangki : cm %o dava
Period
2. SISTEM PENDINGIN SEKUNDER : | POMPA: | H':m 8
D ehit p_endlngm sekunder [DiPM 3 SISTEM KOMPUTER
Suhu air 1M (HE) : C IV. KESIMPULAN
OUT (HE) : oc
Cooling tbower

3. SISTEM VENTILASI: | | BLOWER- |
Blovwver
Tekanan M prefiter Reaktor dioperasikan untuk :
QUT prefiter
Tekanan 1M fiter

Pompa Demin

QUT fitter
Demineralizer PETUGAS :
Tangki Reaktor Operator 1. - Proteks Radisi @ - Supervisor : -
2 - Sistem Bartu 1. -
3. - 2. -

- Reaktor Start-Up:
Fompa Sekunder-1

Simpan [ata

Check list start-up
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Ruang Kendali Utama (Control Room)
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Interkoneksi dan pengkabelan SIK Terminal SR-4

Pengantar bangga
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KARTINI TRIGA-100 KH Reactor
Center for Accelerator and Material Process Technmology,
Mational Muclear Energy figencuy, YOGYAKARTA-INDONESIA
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2> R EE ]
D % power
ﬂd& > eeeeea
T - | ET 21 drect wred
on — [N R RN nd
chamber NP-1000 ET® o

[— . R e
power moator channel Channe! — FRRRnan
% power
fuel % power
i { e 2= : Da Acgustan
< tuel 1 arpiter ¥ 1 g * e hi =
igh resolution
temp. # 2 Y Comro Umt o
< Rel | ampiter #2 l_—— (0AC) 1 monitor Digital panel meter
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water
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FISSION REACTOR FAC! yia EACTOR
CHAMBER ' ;
_ : NM-1000

; WIDE-RANGE
LINEARPOWER =

NPP-1000 |
SAFETY CHANNEL
LINEAR POWER

IONIZATION
CHAMBER CRDM
(5RODS) |

IONIZATION
CHAMBER

NP-1000 AP
SAFETY CHANNEL |N!
LINEAR POWER
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Diagram blok penempatan NP-1000 dalam sistem

ionization chamber

% power trip ——p

scram loop

HV trip  |———

— monitor

arus DC
P
< NP-1000 »| komputer
Teqg. Tinggi
bar graph
% power

Jangkauan : NP-1000 adalah dari 10-9 A sampai dengan 103 A

>
BerAKHLAK

Berorientasi Peiay Akuntabel Komp
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Diagram blok penempatan NM-1000 dalam sistem

reactor : control room % power trip —>
—p scram loo,
hall | HV trip «— 2 P
fission chamber NM""UOO:
pulsa
P sub unit 'I—" sub unit P
< K komputer
Y preamp. | yg—{ MIkroprosesor | ‘
|
/ Y h 4 it
/7 | bar graph linear monitor
,/ % pwr., chart
per. recorder

Luaran analog dalam bentuk arus 4 — 20 mA untuk pengukuran
NM-1000 terdiri dari :
= Luaran untuk laju cacah ( 1 s.d 10scps)
= Luaran untuk daya jangkau lebar (2 X 10ss.d. 120 %)
= Luaran untuk perioda, -30 s.d. 3 detik
® Luaran untuk daya dalam %
bangga

= | tuk /i Iti 2 X10ss.d. 120 %
uaran untuk linear multirange ( 8S 6) B:&Q;Lfﬂkﬁ& #mer:gsgm I I\Il%?)‘IG[‘:'SSIIA
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Spesifikasi Batang Kendali (3 FFCR, 2 BKRTB):
Panjang Total (Absorber) :1157,57 mm

Berat : 3360,21 gr
Skala Posisi : 0 —100% atau 0 -999
Kec. Gerak Maks. 10,3175 cm/s
Waktu tempuh : 120 s ( saat komisioning)
Limit Swicth pada CRDM :
- Batas terbawah (DN)
- Batas teratas (UP)
- Magnet ON

bangga

> gga
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e
% daya NM1000 110% dari Daya 1000kW

n % daya NP 1000 110% dari Daya 1000kW

- % daya NPP1000 110% dari daya 1000kW

“ Suhu Air Tangki Reaktor 49° C

- Perioda Reaktor <3S

“ Suhu Elemen Bakar 550°C

Tegangan Tinggi Detektor Jika kehilangan suplai HV 100V

> bangga
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Operatlon Limits Center For Applied Nuclear Science And Technology

File Configuration Password Start

-,? TRIGA R l= ARCH REACTOR

Datan

Center For Applied Nuclear Science And Technology

Mational Muclear Energy Agency (MMEA)
7ith Tamansari 5treet | Bandung West Java - indonesia

Operation Limits

Reactor Nominal Power: |1000.00 Watts

Warning Level Scram Level
Reactor Power: 105.00 4 ’W x
Reactor Period: W seconds W seconds
Fuel Temperature # 1: W oC W orC
Fuel Temperature # 2: W oC ’W oC
Fuel Temperature # 3: W oC W orC
Pool Temperature: 47.00 oC 49.00 oC

Reszet to Defaults

.l
[]
=
|i

e

flls < Sitem Informasi 5
— WL/ BerAKHLAK a3 #INOVASI

Ssrudenton oyonon Abieacm ompecen bangsa INDONESIA



TRIGA 2000

BADAN RISET
DAN INOVASI NASIONAL

o¥ BRIN
)

Interface Card PCL-812

Center For Applied Nuclear Science And Technology ﬂ

rile  Configuration Password Start

TRIE/\ &!\é’\REH REACTOR

Center For Applied Nuclear Science And Technology
National Nuclear Energy Agency (NNEA)

71th Tamansari Street , Bandung West Java - Indonesia
PCL-812 Analog Input Assignment x|
No. Parameter Channel Number
1 Shim I Position 0
2 Shim II Position 1
3 Shim III Position 2
4 Shim IV Position 3
5 Shim ¥V Position 4
6 Spare HEXXX
7 Spare )i9:0:9:9:4
8 Spare XXXXX
9 NP-1000 8
10 NFP-1000 9
11 Fuel Temperature ¥1 10
12 Fuel Temperature #¥2 11
13 Fuel Temperature #3 12
14 Primary Outlet Temperature 13
15 Spare HEHHK
16 Spare HEHHY

ban
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Interface Card PCL-722 (digital input)

Center For Applied Nuclear Science And Technology

File Configuration Password Start

ARCH REACTOR

batan

Center For Applied Nuclear Science And Technology
Mational Muclear Energy Agency (NMEA)
71th Tamansari Street | Bandung West Java - Indonesia

PCL-722 Digital Input Assignment

No. Parameter Channel-Number Normal-State
1 HM—-1000 Scram ] Hormally Close ~ LOW s
2 HP-1000 Scram 1 Hormally Close »~ LOW
3 HFP-1000 Scram 2 Hormally Close ~ LOW
4 Fuel Temperature ¥1 Scram 3 Hormally Close ~ LOW
5 Fuel Temperature #2 Scram 4 Hormally Close »~ LOW
3 Fuel Temperature #3 Scram |3 Hormally Close ~ LOW
7 Primary Outlet Temperature Scramn ] Hormally Closze ~ LOW
g Period Scram 7 Hormally Close »~ LOW
9 Heutron Source Level-REWP Scram g Hormally Close ~ LOW

Tank Water Lewvel Scram 9 Hormally Cloze ~ LOW
Hanual Scram Hormally Close ~ LOW

Hormally Open
Hormally Open
Hormally Open

Ezternal Scram #1 -
A
s
Hormally Open ~ HI
A
A

External Scram #2

External Scram #3

External Scram #4

External Scram #5

Aclknowledge
e

Hormally Open
Hormall

Open

I Rod Down Hormally Close ~ LOW
II REod Down Hormally Closze ~ LOW
III Rod Down Hormally Close ~ LOW
IV REod Down Hormally Close ~ LOW
¥ Rod Down Hormally Cloze ~ LOW
I Magnet Up Hormally Close ~ LOW
II Magnet Up Hormally Close ~ LOW
III Hagnet Up Hormally Close ~ LOW w

\ -~ Sitem Informasi > bangga b\ o
S BerAKHLAK bangta 1INDONESIA
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Interface Card PCL-722 (digital output)

Center For Applied Nuclear Science And Technology

12 Configuration Password Start

CH REACTOR

Center For Applied Nuclear Science And Technology
National Nuclear Energy Agency (NNEA)
71th Tamansari Street , Bandung West Java - Indonesia

PCL-722 Digital Output Assignment
No. Parameter Channel-Number Normal-State
1 Login Interlock 0 Normally Close ~ LOW
2 Spare XXXXX pi0:0:010.0.0:0.0.0:0.0:0.:0:0:0.0:0:0:04
3 Spare XXXXX b0:0:010.0:0:0.0.0:0.0:0.:0:0:0.0:0:00'4
4 Spare XXXXX Ji0.0.0:0.0.0:0.0.0:0.0:0.0.0:0.0.0:0.04
5 Spare XXXXX J:0:0.0:0.0:0:0.0.0:0.0:0.0.0:0.0:0:0:0:4
6 Spare KRXKX p0:0:0:0.0:0:0.0:0:0.0:0.10:0:0.0:010:04
7 Spare KHXXX b0:0:010.0:0:0.0.0:0.0:0.10:0:0.0.00.0¢
8 Spare XXXXX b10:0.0:0.0:0:0.0:0:0.0:0.:0.0:0.0:0:0:6:4
3 Spare XXXXX J:0:0.0:0.0:0:0.0:0:0.0:0:0.0:0.0:0:0:64
10 Spare KHEXX b10:0:6:0.0:0:0.0:0:0.0:010°0:0.0:010:¢4
11 Spare XEXXX 0:0°0:0.0°0:0:0:0:0.0:0:0:0:0:0:010:64
12 Spare KHEXX :0°0:0:0:0:0:0:0:0.0:010:0:0:0:010'¢4
13 Spare XXXXX 0:0.0:0.0:0:0.0:0:0.0:010:0.010.0:0'¢4
14 Spare b0:0:6.0 ¢ 10:0°6:0.0:0:0:0:0:0:0:010:0:0:0:0/¢'¢
15 Spare KEEXX KEENEENEN NN LK NENY
16 Spare KHEXX /0 0/0:0'00:0:0:0:01010:0.:10.010/0'¢
17 Spare HEINY J0:0:0:0:0:0:00:0:0:0.018.00.000'4
18 Spare HEIXY i0:8:0:6:0:610:010.010:0.010.08:0 004
19 Spare HEXXX HEEE NN
20 Spare HEIXX JES 000600000000 00000 0
21 Spare HEIXY JES 000500000000 008000
22 Spare HEAXX J08 860600000008 04804604
23 Spare HEIXX HH GO
24 Spare HEIXX JOS 0660000000008 0004

e = Sitem Informasi 5
’—‘ ‘ bangga
| ’ INOVASI
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Conversion Factors

Center For Applied Nuclear Science And Technology

TRIEA Zz /:,-.

Center For Applied Nuclear Science And Technology
National Nuclear Energy Agency (NNEA)
71th Tamansari Street , Bandung West Java - Indonesia

RCH REACTOR

Conversion Factors

NOTES
# Equation type 1; polynomial, i.e, y = c0 + c1*+ c2*"2 + . + cn*x"n,
# Equation type 2: rational power, i.e., v = c0*" cl + c2.
# Equation type 3: exponential, i.e. y = cl*exp(c]*x) + c2
# Equation type 4: logarithmic. i.e.. v = c0™n{x) + c1

No Parameter Type Order Cco Cc1 c2 cC3 Cc4 C5
1 Shim I Position 1 1 0.00 100.00 XXXX XXXX XXXX XXXX
2 Shin II Position 1 1 0.00 100.00 HEHY HYEX XYY HYYY
3 Shim III Position 1 1 0.00 100.00 XIXX XXX HIXX HIXX
4 Shim IV Position 1 1 0.00 100.00 HEXX XXX HHXX HXXX
5 Shim V Position 1 1 0.00 100.00 HEXEX KEXX HEXX HEXX
6 Spare KHXX XAXX XXX XXX XXXX XXX XXXX XXXX
7 Spare HEXX HIXY HAAA HEXX IEXY XX 8044 HIXY
g Spare HHXX HEXX HHXX XXX XAXX XXXX XXXX HXXX
9 HP-1000 *-Power 1 1 -0.03 0.13 HENY HYEX 80404 HYXY

10 NFP-1000 ¥%-Power 1 1 -0.03 0.13 XXXX HXXX HAXX XXXX

11 Fuel Temperature #1 1 1 -250.00 1250.00 XEHX .9.6.9.4 HYXX HEXX

12 Fuel Temperature ¥2 1 1 —-250.00 1250.00 XXX XXX KX HIXX

13 Fuel Temperature #3 1 1 -250.00 1250.00 XEXX XXX XXX HEKX

14 Primary Outlet Temperature 1 1 —-25.00 125 .00 HEHX HEXX KX HIXX

15 Spare HHXX HEXX XHXX XXX HAXX HAXX HAXX HXXX

16 Spare HEEX HE¥Y XENX 6004 XEXY HEEX 8044 XYY

| ' sitem Informasi >
(8 BerAKHLAK moiayani  #INOVASI
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Konsul TRIGA — DAC + CSC + DPM

A A L KX TTT

5
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Konsul TRIGA — Analog Input Channel (DAC)
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Konsul TRIGA — Rod Control Panel + DAC
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SANDUNG RESEARCH REAC
Center For Applied Nuciear Science And Technology

Hperator 3: DROTASY 4D
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DAK RIDGE ORNLTM-2012/107 I_
NATIONAL LABORATORY

MANAGED BY UT-BATTELLE
FOR THE DEPARTMENT OF ENERGY
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HTGR Measurements and
Instrumentation Systems

May 2012

= S.J.Ball, D. E. Holcomb, S. M. Cetiner, “ HTGR
Measurements and Instrumentation Systems” , ORNL/TM-
2012/107, Oak Ridge National Labolatory, US-DOE, 2012.

Prepared by
5. ). Ball

. E. Holeomiby
5. M. Cetiner

—

Containment or )
Confinement Process Environment
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IAEA-TECDOC-973

Research reactor instrumentation
and control technology

Report of a Technical Commitiee meeting
held in Ljubljana, 48 December 1995

&)

BADAN RISET
DAN INOVASI NASIONAL

o% BRIN
)

IAEA TECDOC SERIES

IAEA-TECDOC-1830

On-line Monitoring
of Instrumentation
in Research Reactors

£)1AEA

IMarmational Atomic Enargy Agency
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HV
TC Current “"'E:p‘_’:;';’:"ﬂ- Tv REACTOR TRIP ELECTRO MAGNET
DETECTOR L Arowcy F—— PRy CIRCUIT —P|  (CONTROL ROD HOLDER)
A A
—I T HV POWER SUPPLY
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1
REACTOR PROTECTION SYSTEM ]
POWER
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Sejarah Kisah Reaktor Kartini, Karya Teknisi Indonesia

https://www.youtube.com/watch?v=xqTguM-1rxE
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