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WHAaT IS
IAMS >

LAMS is an acronym for

In‘regm’red Automated Moni’ror'ing Sys’rem

Its main objective is monitoring of nuclear, radiation and industrial hazard sources
located at Chernobyl NPP unit 4 Shelter. It provides information on the basic
parameters of the Shelter status, the ChNPP site and local area. M
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IAMS ensures the integration of the separate, specific, monitoring systems into a unified
automated system that allows a comprehensive processing, display, storage of the
information, in a single entity.

This information are used to ensure timely implementation of activities to maintain the
achieved safety level and improve it as well as to allow the Shelter personnel to
determine the negative tendencies in changing of the status of the Shelter hazard
sources.



/ IAMS GENERAL ORGANIZATION

IAMS has been designed according to a hierarchical principle in two levels:

» Lower level — Primary Monitoring Systems PMS
» Upper level — Integrated Monitoring System IMS
INTEGRATED IMS
MONITORING
SYSTEM
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/ TAMS - PRIMARY MONITORING SYSTEMS

PMS objectives:
» Presentation of specific measured parameter values to the Shelter operators
» Signalling when measured parameters reach the warning and/or alarm pre-set
thresholds

Each PMS is constituted by:

» In-field sensors, to measure the monitored parameters

» Data Acquisition Units DAU acquiring data from the field and
locally evaluating alarm/warning conditions. Data are locally stored for 3 days.

» Data Collection Units DCU collecting, storing (30 days) and displaying these
data and warning/alarm signals

» A Low-Level-Network, connecting all the PMS DAUs and DCU. It is an industrial
Ethernet with a “ring” topology based on optical fibre links.
Exception has done for The Seismic Monitoring System witch is using long
distance radio links.

» GPS network time servers, for time synchronization.
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/

Four specific PMS are established:

TAMS - PRIMARY MONITORING SYSTEMS

» Nuclear Safety Monitoring System: NSMS (Safety Related)
» Stationary Radiation Monitoring System:  SRMS (Safety Related)
»  Structure Monitoring System: SSMS

»  Seismic Monitoring System: SMS
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TAMS - INTEGRATED MONITORING SYSTEM

IMS objectives:

» Integration of monitoring systems into a unified information system

» Communication with external systems (ACS Access Monitoring System, MMS
Meteorological Monitoring System, ISDB Integrated Shelter database)

»  Presentation of the data received from all PMS and external systems, allowing the
operating personnel for making decisions on the basis of all integrated data received

»  Replication for IMS level of warning/alarm signals generated by PMSs

IMS is constituted by:
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IMS Server storing data (30 days) for PMSs and external system

IMS DB Server storing data (365 days) forPMSs and external system

IMS Workstation displaying IMS data and warning/alarm signals

The Mid-Level-Network an industrial Ethernet network organized on a redundant
“double-star” architecture

GPS network time servers, for time synchronization of the stored data.
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TIAMS - DATABASE ORGANIZATION

g TAMS data storage is organised into several databases, unified but
physically and functionally distributed at TAMS different levels:

= PMS database (one separate database for each DCU)
= TIMS level databases (IMS_SERVER and IMS_DB_SERVER databases)

”’ IMS DB

Server
database

Dynamiq Static
DB DB
(DCU)
id Static
........ i DB

PMS
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Each database consists of two parts:

Static

" AP e

DAUs and SENSORS CONFIGURATION and description,

SPECTRA data after vibration alarm event from DAUs (only for SSMS),
EARTHQUAKES events (only for SSMS),

video frames structures (SYNOPTICS, MAPS),

text message or ChNPP procedures to be displayed (HELP MODE) in case of warning
and alarm messages (HELP PROCEDURES),

REPORTS (forms and documents),

SENSORS PASSPORT for tracking the service life of each acquisition channel
DIAGNOSTIC (detailed self test results),

Operator LOGs (ACKNOWLEDGE and ERASE of alarms & warnings, ...)
SYSTEM LOGs,

lookup tables, ...

> DYNAMIC DATABASE

REAL TIME DATA

REAL TIME ALARMS and WARNINGS
HISTORICAL DATA

HISTORICAL ALARMS and WARNINGS

10
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TAMS - DATABASE STRUCTURE

« Static data storage relies on Microsoft SQL Server

/ « Dynamic data storage requires additional features provided by Wonderware
Industrial SQL Server (also called InSQL), which is a real-time relational
database for plant data, that acquires and stores process data at full resolution
and provides real-time and historical plant data to client applications.
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(only one PMS is represented, since all DCUs share the same database architecture). 11
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T AAAC iR iAL o
LAMWMO VARIABLES

All real-time data are continuously stored each second,
included packets of 100 Hz and 10 Hz sampled Vibrational channels.

298

27

18

849

Analog channels (1Hz) 44 154 80 20
Analog Vibra (100HZ) channels X X 12 15
Analog Vibra (10HZ) channels X X X 18
Discrete channels 118 444 200 87
Service channels 86 280 148 88

602

per second

®Available channels expandibility is 50%

12
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TAMS - SW VERIFICATION APPROACH

SW verification was completely performed "by-test”, |[SEEEREY
testing each "elementary brick": the "task".

Considering the complexity of the IAMS SW and the huge amounT of

tasks" and functions”, an automatic tool \.l.r\IV\o X-QUA-soft l} was

set-up in order to facilitate the trace and the registration of test
execution and reporting.

13
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IAMS - SW VERIFICATION APPROACH
SW verification was performed in the following chronological sequence:

’ > Internal tests

» Integration tests

WHITE-BOX approach

Positive Test |NegaTive Test "by task

Stress Test][Strength Test verification”

Integration Test|

Non-regression Test

» Pre-FAT ftests BLACK-BOX approach By function®

> Factory acceptance tests (FAT BLACK-BOX approach ERCELLLL
> SETUP tests BLACK-BOX approach by function”
> COMMISSIONING tests BLACK-BOX approach "by function”

14
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Positive Test:

Negative Test:

Stress Test:

Strength Test:

Integration Test:

Non-regression Test:

WHITE-BOX approach

it checks that a right input results in an expected output.

it checks that a wrong input doesn't "block” the system or
doesn’t produce an unpredictable system behaviour.

it means long time ftest to evaluate the SW reliability and
performance (this to reproduce real working conditions).

it checks software protection against wrong human error or
unauthorized access.

it means testing more already validated tasks, when working as a
whole (for example to obtain a certain system function).

it means a new verification of one or more correlated tasks, after
the introduction of new or reworked part of source code

(e.g. after a bug fixing)

15
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IHTErPOBAHOI ﬁBTGHﬂTH:iOB_AHOT CUCTEMWM KOHTPONKD
B EKCNNYATALIKO LICNA NPUMMANBHUX EUNPOBYBAHD
Moomweigasuuk_1CI YAEC 26 D 2012 p,

Of'ext «lHTerposaHa asToOMaTMIOBAHA CUCTEMA KOMTPaND. MNnaH 3nivd cHexns 3axoale va ob'ewT
Jyipurra® [ICMN YAECs

Komicis cTeopera Ha nigerasi kakasy JICN «YopHobunecerol AEC» Ne 81 sig 10,02 2011p

MonoBa KomICHi; GUPeKTOR TeXHIHHWA (- ronosHuA imkerep) OCT YA Binur 4, Q

Hnexu komicii
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Bif rEHEPanEHOrS NiAPAAHUKE:
kepiBtuk pobiT Ha maigaunky Bl «ATompemonTeepsaicy Xogocesuy 0.A

Bl NPOEKTHOT Opraxizaui

KEDIBHWK NpoekTy napTHepcTaa IACK eAnsaldo Nuclearss Mini 1.

Big excnnyarauiiaHol opranizaui

nayansrue L{TAB [ICN YAEC Kpatos |
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(nikap 3 ririeHk npau) Maxkees C.O.
BiA AepXripnpoMHarnagy:
TONCBHWA QEPHABHWE HCNeKTOp Mosap M A

BCTAHOBUNA:
1. PoBotv Bukowasl BignoeigHo 3 Bumoramu [poekTy Ta kowTpakty MNe SIP0S-3-008-01 S\DD‘:SUDBC.

«MpoexTMpOBaHIE, NOCTABKE W MOHT AB 30 TEM|

KoWTpona» y noBHOMY uﬁcail.. oo gﬁ g 6 ﬁ c
2. TMpwimaneki sunpofysantA npoeegedi nepconanom JCM YAEC 3a yvacTio npeacTaeHukia

MigpAaHvka, JeexT NPOeKTYBa IHA, BATOTOBNEHHA | MOHTAKY YCTATKYBEHHA BIACYTHI

3 ¥ npoueci npuaMansHux BanpoGysans AoaaTkosl poBoTH HE BUKOHYBANMCE

ans MPWAOMY IHTEFPOBAHOI ABTOMATW3OBAHOI CMCTEMM KOHTPOMIO BYNA

HAD.AHA OOKYMEHTALIA:
MpOBKTHE ADKYMEHTALIA.

1 1 TexHiYHWA NpoeKT,

111 Pofioua aokymeHTauia y cknaai: IAMS-OVER-LD-4607.1; 6; 7, 8; 9 (tom1-2); 14; 15, 16; 17
18;19; 21; 22; 23.1; 23.2.

1.2 Bukonasqa gokyMEeHTaLiR:

signosigHo 3 peectpamu: 1;2; 3; 4; 5; 6; 7, B(1); B(2); 9, 10; 11, 12; 13, 14; 15, 16,18, 20;

PeecTp npuAmMansHo-3qaBaneHol gokymedtauii no modtamy npoerty IACK nacnoprw
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Peectp surorasuol aokymentayii no ByaisHmurey CCH «CPETs:

Peectp sukonasuoi goxymerTauii no GyaisHuurey CCH 8 c. Koporoa;

Mepenik AokyMeHTIB, NATEEPAKYIOYNX AKICTE JACTOCOBAHMX OCHOBHWX MaTeplanis, expobie

Ta KOHCTRYHUIN;

rabeNsHWA Xypran: PeecTp Na1d;

IAMS-OVER-TR-4721-E MACK. 38iTW T8 NPOTOKCNM NONEPELHIX BUNPODYBaHE,

2, AKTW KOMICIl 3 NPUIAKATTA cucTemM (EnekTposmueneHHs, CCPK, CCK, CKAB, CKCEEK, WK
IACK, ICK) B gocnigHy ekcnnyaTayi.

3. AKT KOMICT 3 NPWAHATTA CUCTENM Nicna AocnigHol ekcnnyaraui.
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(during installation)
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IAMS - IMS & DCUs HARDWARE
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IMS-DCUs cabinets
installed in ChNPP

room G-305
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amplifiers

IAMS SENSORS
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NSMS
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SRMS - GDR (gamma) sensor

and sound and light signal device
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SSMS - AOI
(Angle of inclination)
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SSMS - LPD (Linear Displacement)
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IAMS - TAMS SENSORS

SSMS - VIB (Acceleration)

24
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IAMS - TAMS SENSORs

SMS - SOF on industrial site
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SMS - SOF on "Korogod" site
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IMS WORKSTATION [ sz 1xaen| [OBJECT SHELTER GENERAL VIEW

DCU SELECTION PMS GENERAL STATUS

GLOBAL VIEW ;

IMS server IMS DB server

IMS-GPS 01 [ Ms-BUSTU
1ms-ps 02 [ IMS-STU
UPs-03 UPS-04

1 = Elevation 06,0 B\‘uﬁck 3

2 = Elevation 09,0 Block

HISTORICAL RETRIEVE 3 = Elevation 10,0 Block ™
PMS SENSOR STATUS| rpiesey-rm

HISTORICAL ALARMS 5 = Elevation 31 5 Block B

SETTINGS

| IAMS.GPS03 |
N - DIAGNOSTICS

DAUs NSMS DALIs SRMS DALs S5MS

(1117 A T T CHMONIT ACKALL ERAALL MESSAGES
LTI 11.04.2009-13:03:58 - NSMS-DAUDOT-NFDODA-W

002

Ik} 11.04.2009-13:03:51 - NSMS-DAUDD3-TMPO03-W

004

005

ALARM STATUS
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IAMS - DCUs HMI
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VaS
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IAMS - Workstation HMI
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IAMS DESIGNERS

IAMS has been designed, developed, installed and commissioned by a

consortium of four firms, namely TAMS JVP, lead by Ansaldo
Nucleare.

In the frame of the TAMS JVP each single firm has its own specific
responsibilities in terms of design and supply.

Hereafter the IAMS JVP Division Of Responsibilities (DOR) schema:

31
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LAMS JVP Division of Responsibilities

IAMS JVP LEADER
), SW DESIGN & TEST NSMS, SRMS, SSMS DCUs
/ AnsaldoNudeare HW DESIGN & TEST NSMS, SRMS, SSMS, SMS DCUs
Una Societa Finmeccar HW & SW DESIGN & TEST IMS
FULL SYSTEM INTEGRATION, SETUP & COMMISSIONING
P, » HW&SW DESIGN & TEST NSMS, SRMS  DAUSs
Tha._ESAlig!E » HW&SW DESIGN & TEST SSMS “STATIC” DAUSs
» HW &SW DESIGN & TEST SMS DAUSs
CES' > SW DESIGN & TEST SMS DCUs
» HW&SW DESIGN & TEST SSMS “DYNAMIC” DAUSs

IAMS in field services and components installation
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/ CONCLUSION

IAMS has been a very long and complex activity, due to its particular
requirements as well as environmental deployment conditions very different
from a traditional “radiation monitoring” system.

This complexity has offered the possibility of exploring the use of commercial
products (HW and SW) on a very “border-line” conditions (near to its standard
performance limits).

We hope that IAMS system can proficiently help the Chernobyl NPP in taking
under control the healthy of the Shelter Object.
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